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Einleitung

Die Energiewende ist von zentraler Bedeutung fiir die Zukunft
unserer Gesellschaft. Sie stellt nicht nur eine technologische Her-
ausforderung dar, sondern erfordert auch einen tiefgreifenden
Wandel in unseren wirtschaftlichen und sozialen Strukturen. Um
diese Herausforderung zu meistern, sind innovative Ansatze und
ein intensiver Austausch von Wissen und Erfahrungen unerlass-
lich.

Das Future Energy Lab widmet sich als vielseitiges Innovationsla-
bor der dena sowohl dem Wissensaufbau und dem Wissenstrans-
fer als auch der direkten Erprobung digitaler Technologien in der
Energiewirtschaft. Thematische Schwerpunkte sind der Einsatz
digitaler Technologien fiir die Transformation des Energiesys-
tems und die Funktion als Denkwerkstatt, die unterschiedliche
Themenkomplexe identifiziert, wissenschaftlich analysiert, eva-
luiert und in die Fachwelt und die breite Offentlichkeit tragt. Ein
besonderes Projekt innerhalb dieses Rahmenwerks ist das FEL-
Auslandsstipendium. Dieses Programm wird von der dena im
Auftrag des Bundesministeriums fiir Wirtschaft und Klimaschutz
(BMWK) durchgefiihrt und erméglicht Studentinnen und Studen-
ten deutscher Hochschulen, im Ausland nach Innovationstrends
und neuen Anwendungsfeldern digitaler Technologien fiir die
Energiewende zu forschen.

Ein Kernziel dieses Projekts sind die Starkung und Erweiterung
des FEL-Netzwerks insbesondere um Akteure aus internationaler
Forschung und Wirtschaft. Mithilfe von jungen Akademikerinnen
und Akademikern und ihren Projekten kénnen internationale
Forschungseinrichtungen und Institutionen in die Arbeit des FEL
eingebunden werden, wodurch die Arbeit des Labs als Denk-
werkstatt weiter gestarkt werden kann. Dieser internationale
Ausbau unseres Netzwerks schafft vielféltige Moglichkeiten fiir
zukiinftige Austausche und macht die Arbeit des FEL auf globaler
Ebene zuganglich.

Des Weiteren ermdglicht uns das FEL-Auslandsstipendium, auch
internationale Trends und Anwendungsfelder digitaler Technolo-
gien fir die Energiewende zu identifizieren und ihre Ubertragbar-
keit auf Deutschland zu prifen. Durch ihre Forschung im Ausland
kénnen die Stipendiatinnen und Stipendiaten innovative Im-
pulse setzen, neue Perspektiven beleuchten und fortschrittliche
Losungsansétze aufzeigen. Da ihre Erkenntnisse, in ausfiihrli-
chen Berichten zusammengefasst, veroffentlicht werden, profi-
tiert das gesamte dena-Netzwerk von den Erfahrungswerten der
Stipendiatinnen und Stipendiaten. Zudem wird das angeeignete
Wissen einem breiten Publikum durch die Prasentation der For-
schungsergebnisse in verschiedenen interaktiven Formaten wie
Podcasts, Magazinartikeln, Prasentationen und Workshops zu-
ganglich gemacht.

Bundesministerium Die Verdffentlichung dieser Publikation erfolgt im Auftrag
TN fiir Wirtschaft des Bundesministeriums fir Wirtschaft und Klimaschutz.

Die Deutsche Energie-Agentur GmbH (dena) unterstiitzt
die Bundesregierung in verschiedenen Projekten zur
Umsetzung der energie- und klimapolitischen Ziele im
Rahmen der Energiewende.

und Klimaschutz

Abgeschlossene Stipendienreisen

Im Jahr 2023 erhielten erstmals vier Studenten die Moglichkeit,
im Rahmen von Innovationsreisen Projekte in verschiedenen Be-
reichen der Energiewende zu bearbeiten. Das Stipendium, das
bis 2025 fiinf weitere Forschungsreisen vorsieht, erlaubt es den
Studentinnen und Studenten, sechs bis acht Wochen im Ausland
zu verbringen und innerhalb einer selbst gewahlten Projektthe-
matik mithilfe von Interviews, Expertengesprachen und der Teil-
nahme an relevanten Veranstaltungen nach neuen Erkenntnis-
sen zu forschen.

Erfahrungsberichte aller abgeschlossenen Studienreisen sind auf
https://future-energy-lab.de/projects/fel-auslandsstipendium/
verfligbar und bieten wertvolle Einblicke in die Anwendung von
digitalen Technologien im Ausland. Die Studenten haben zusétz-
lich Handlungsempfehlungen erarbeitet, die Moglichkeiten auf-
zeigen, wie diese Erkenntnisse in Deutschland genutzt werden
konnen. Auf diese Weise tragt das FEL-Auslandsstipendium aktiv
dazu bei, den Wissensstand zur digitalen Energiewende zu erwei-
tern, und fordert einen aktiven Austausch rund um diese hochre-
levante Thematik.

Die bisherigen Stipendiaten haben sich mit den folgenden The-
mengebieten beschaftigt:

m  Assessing the Impacts of Energy Sharing on Low Voltage Dis-
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1. Introduction

1.1. Relevance of the Studied Topic

Current human activities, particularly the reliance on fossil fuel extraction and consumption,
pose a serious threat to the stability of life support systems [1], putting us at risk of triggering
tipping points that irreversibly disrupt the Earth’s system [2]. The 2023 IPCC report highlights
the gravity of the situation, emphasizing severe risks and high reasons for concern, as millions
of people face exposure to extreme events caused by the breach of such tipping points [2].
Consequently, there is an urgent need for action to mitigate climate change. Recognizing this
urgency, the European Union (EU) has set ambitious targets for adopting renewable energy
sources (RES) as part of its Fit for 55 package within the European Green Deal. By 2030, the EU
aims for renewable energy to constitute 42.5% of its energy mix [3], signaling its pivotal role
in driving the shift towards carbon neutrality by 2050 [4] (cf. Figure 1.1). This shift will be
particularly evident in the residential sector, where the majority of final energy demand is
projected to be met by RES [5].

In the ongoing pursuit of decarbonizing residential building stock, the widespread adoption
of distributed energy resource (DER) has emerged as a promising avenue [6]. DERs describe
decentralized, small-scale power generation and storage devices, such as photovoltaic (PV)
systems, heat pumps (HPs), battery storage (BS) systems, and electric vehicles (EVs), that are
located close to the point of consumption. Projections from the German electricity network
development plan indicate a significant uptick in various DER capacities by 2037: a 4.8-
fold increase in PV system capacity (reaching 345 GW), a 51-fold increase in PV-BS system
capacity (totaling 67.4 GW), alongside substantial rises in the number of EVs (a 20-fold
increase, totaling 25.2 million) and HPs (an 11-fold increase, totaling 14.3 million) [7]. Initially,
the adoption of DER assets was primarily driven by environmental concerns rather than
economic motives [8]. However, with investment costs for DERs such as PV and BS systems
declining exponentially over the recent years [9], more consumers are embracing DERs for
self-consumption. This transition turns consumers into prosumers who both generate and
consume renewable energy, actively engaging with the energy system.

Against this backdrop, the switch from fossil fuels to RES promises many benefits for
consumers. However, the growing reliance on RES also presents challenges: Energy systems
must undergo significant adaptations, shifting from a centralized model where electricity is
generated by large-scale generators and distributed downwards to individual consumers, to a
decentralized paradigm where DERs coexist with consumers across various levels of the grid.
This transition poses particular challenges for the distribution and sub-transmission grid
segments, where much of the digital-enabled, low-carbon energy innovation is anticipated
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to occur [10]. In Germany, over 90% of both existing and planned DER installations are
concentrated within these grid levels [11]. Specifically, within low-voltage distribution
networks (LVDNSs), the rapid increase in DERs can cause energy system instabilities [12],
such as overloading of individual grid components like transformers and lines, as well as
voltage issues. So-called renewable energy communitys (RECs) formed at the distribution
grid level can play a vital role in this regard, offering financial incentives for members to
consume locally generated renewable energy, thereby maintaining a balanced local energy
supply [13]. RECs are legal entities where citizens can voluntarily engage in, granting them
rights to produce, consume, store, and share renewable energy within their community. In
Europe, the legal framework for RECs was established in 2019 under the European Green Deal
through the Clean Energy for all Europeans package, including the revised Renewable Energy
Directive (RED) II [14], later updated as RED III [3]. This underscores the EU’s commitment to
empowering citizens in the energy transition.

While various services and activities align with the REC concept, not all are explicitly outlined
within the EU framework. Energy sharing, for instance, emerges as a consumer-centric
market approach, allowing consumers and prosumers to establish RECs and share renewable
energy within the same distribution grid segment [15]. Discussions and initial steps toward
implementing energy sharing frameworks are underway across various European nations.
However, the primary focus in most countries has been on establishing a broad framework
for RECs, driven by the deadline to transpose the provisions of the RED II by June 30,
2021. Energy sharing, in comparison, has received relatively less attention thus far. Existing
legislation often allows for basic provisions through tenant electricity models, such as the
Tenant Electricity Law (TEL) in Germany or the Private Wire Networks law in the UK [16,
17, 18]. These models typically confine energy sharing to collective self-consumption (CSC)
schemes, enabling the sharing of renewable energy from a single source within limited
contexts, such as within individual multi-apartment buildings (MABs) or private microgrids.
For instance, the TEL in Germany permits the installation of a shared PV system on a MAB
by the building owner, who can then distribute the generated renewable energy to tenants
without utilizing the public grid infrastructure.

1.2. Relevance of the Studied Country

Many countries face challenges in establishing frameworks that facilitate energy sharing
beyond a single building, allowing for the sharing of renewable energy over larger distances
and leveraging the public grid infrastructure. Notably, Article 22(4) of RED II outlines
various elements that an enabling framework for energy sharing should encompass, stressing
the necessity that the [...] relevant distribution system operator cooperates with renewable energy
communities to facilitate enerqy transfers within renewable enerqy communities [14]. To define a
suitable legislative framework in Germany, it is crucial to assess the feasibility of widespread
implementation of energy sharing RECs and the potential impacts on distribution grids
managed by distribution system operators (DSOs) if such energy sharing concepts are
extensively deployed. In the past, other European countries like the United Kingdom (UK)
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have showcased significant progress in the field of energy sharing.

The UK’s Net Zero Strategy sets forth a visionary goal of achieving exclusive reliance
on clean electricity by 2035, driven by a significant increase in renewables’ contribution
to the energy mix [19]. This vision is underpinned by a remarkable surge in renewable
energy adoption, with renewables contributing just 2.8% of total electricity output in 2000,
soaring to an unprecedented 40% by 2022 [20, 21]. The journey towards net zero involves
innovative approaches to energy sharing, exemplified by trials initiated as early as 2017
within regulatory sandboxes overseen by the Office of Gas and Electricity Markets (OFGEM).
These sandboxes offer a space for companies to pioneer new solutions free from traditional
regulatory constraints. Notably, one such initiative deployed an energy sharing platform
leveraging blockchain technology in collaboration with the Bartlett School of Environment,
Energy, and Resources at the University College London (UCL), the research institute that
co-authored this report. This energy sharing platform, in particular, facilitated energy
exchange among prosumers in urban areas, fostering neighbor-to-neighbor energy sharing
and enhancing levels of self-consumption.

From a regulatory standpoint, individuals within MABs or neighborhoods have the autonomy
to establish and operate energy communitys (ECs) in the UK, without specific spatial limi-
tations [22]. However, participation in local energy market initiatives requires adherence to
the British Electricity Trading and Transmission Arrangement (BETTA), entailing significant
operational overheads. Compliance with distribution grid codes and technical specifications
is also mandatory to prevent network damage. Although there is no formal regulatory
framework dedicated to energy sharing, analogous local initiatives have emerged within
existing regulatory frameworks. For instance, Ripple, a renewable energy company, offers
a CSC scheme where communities collectively own assets such as solar PV plants or wind
farms. Incentives from energy retailers, who deduct a portion of energy produced by local
assets from consumers’ electricity bills, drive participation in these schemes [23]. Proposals
for regulatory enhancements, such as those outlined by a panel overseeing the balancing and
settlement code in UK, aim to further facilitate energy sharing initiatives [24]. Furthermore,
initiatives testing the introduction of local network fees have been piloted in various sand-
boxes across the UK, providing additional incentives for energy sharing. For instance, Piclo,
a local electricity market (LEM) led by Open Utility, an IT company, in collaboration with
Green Energy, a renewable energy supplier, and OFGEM, offers discounted local network
fees to incentivize local energy sharing [25].

1.3. Contribution and Objectives of this Report

Much of the current research on energy sharing has centered on the internal mechanisms
governing how energy is shared among REC members [29] and the benefits it offers them [30].
Notably, there has been a gap in exploring the broader implications of energy sharing on the
overall energy system, particularly its impacts on local LVDNs. This report aims to address
this gap by investigating how energy sharing impacts LVDN performance by studying various
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2030 (o] Fit for 55—EU to reach 55% reduction in CO2 emissions compared to 1990 levels

2025 (@) Germany's Smart Metering Law takes effect: all suppliers to offer dynamic pricing by January 1, 2025

2023 (o] Fit for 55—EU proposal to revise the directive and raise the target for 2030 to 42.5%

2018 C Revised Renewable Energy Directive (RED Il)—EU target of 32% renewables by 2030

2015 C Germany’s Act on Energy Transition Digitization—smart metering for consumers >10,000 kWh/year

2009 C Renewable Energy Directive—EU target of 20% renewables by 2020

1997 C Energy for the future—indicative EU target of 12% renewables by 2010

1991 (o) Germany introduces first feed-in-tariff for renewables

Figure 1.1.: Timeline for renewable energy in Germany and the EU. Source: Own illustration
based on data of [26, 27, 28].

network performance metrics. The novelty of this research lies in its examination of how
different pricing strategies (a static one representing the status quo, and two dynamic ones,
anticipated to be implemented in the coming years) and pathways towards electrification
(drawing from both 2023 data and 2037 projections) shape these metrics. To the best of our
knowledge, such an investigation has not been extensively or systematically conducted in
existing literature. Through our research, we seek to address the following research questions

(RQs):
¢ RQ1: How can energy sharing schemes be integrated into LVDN5s?

* RQ2: What impacts does energy sharing have on LVDN performance, considering
different pricing strategies and electrification pathways?

* RQ2: How can the insights gained from this research effectively inform energy sharing
initiatives in Germany?

With various energy sharing initiatives in place, the UK provides an interesting background
of this study. Drawing upon the modeling proficiency of the Bartlett School of Environment,
Energy, and Resources at UCL, known for its cutting-edge research in peer-to-peer (P2P)
energy trading [31], this investigation extends the groundwork laid by prior cross-national
analyses undertaken by the same research institute [32]. Specifically, we investigate a REC that
connects multiple buildings within a LVDN. Each building has the capability to both import
and export energy to and from the grid. Furthermore, every REC member can engage in
energy sharing activities with other peers, reducing reliance on grid imports from traditional
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retailers. Additionally, a home energy management system (HEMS) is installed in each
building, optimizing energy usage based on factors such as load profiles and market signals.
These market signals include traditional signals from retailers (e.g., retail electricity prices,
network fees, and feed-in tariffs (FITs)) as well as community-based prices for energy sharing
transactions. Key actors in this community architecture include a designated community
manager (CM), the DSO, and the traditional energy retailer. The CM oversees the coordination
of the different buildings and facilitates energy sharing among community members. The
DSO ensures that community activities adhere to technical network constraints by monitoring
power flows within the LVDN. Lastly, the traditional energy retailer serves as a supplier for
energy imports and exports to and from the grid, supplementing energy sharing within the
community.

With this report we provide valuable insights for REC participants, regulators, and DSOs
to understand the impacts of energy sharing on European LVDNs and explore mitigation
options, such as grid reinforcement measures. Moreover, in the German context, this research
offers perspectives on the upcoming regulations on pricing in Germany, notably under §14a
and §41a EnWG. Lastly, the data and insights gathered support further research on integrating
energy sharing RECs into distribution grids across Europe, aligning with United Nations
(UN) Sustainable Development Goalss (SDGs) 7 (affordable and clean energy) and 13 (climate
action) [33].

1.4. Structure of this Report

This report is structured as follows. Section 2 offers a comprehensive review of the theoretical
background and the state of the art in the field. It explores the role of distribution grids and
DSOs in future energy systems. Furthermore, it delves into existing studies that quantify
the impacts of energy sharing on LVDNs. Section 3 introduces the REC architecture and
outlines the methodological approach employed in this report. It elaborates on the twelve
scenarios studied and the performance metrics utilized to evaluate them. Section 4 presents
the findings derived from the implemented modeling approach. It offers a comprehensive
analysis of the results obtained, highlighting key insights and trends, as well as the relevance
of the results to Germany. Section 5 concludes the research by summarizing the implications
of the results obtained and offering valuable insights for REC participants, regulators, and
DSOs.
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2.1. From Centralized to Decentralized: The Transformation of the
Energy System

The European energy system is on the brink of significant transformation in the coming years
as the EU strives to achieve its net-zero targets outlined in the European Green Deal. This
transformation will change the types and scales of participants and assets at all voltage levels
of the grid (cf. Figure 2.1), encompassing ultra-high voltage, high voltage (HV), medium
voltage (MV), and low voltage (LV). Historically, electrical power has been generated by
large centralized generators (ranging from a few MW to over 1,000 MW in capacity [34]),
situated far from end consumers’ grid connection points. This power is then transported
through a network of HV lines to individual grid areas, where it is distributed to industry
and residential consumers via distribution grids spanning MV (typically 1-35 kV) and LV (at
230/400 V) levels [35]. In this traditional setup, distribution grids played a passive role within
the energy system, primarily designed for handling peak loads [36] and offering limited
control and feedback mechanisms from consumers.

However, in the emerging energy systems, generators are no longer confined to the trans-
mission grid; they are increasingly found as DERs, such as PV systems, BS systems, and
EVs, across various grid levels, particularly in distribution and sub-transmission grid levels.
While DERs are enabling decentralized electricity generation closer to consumption, their
intermittent nature and growing integration pose challenges to networks [37]. Without ef-
fective management, DERs can lead to voltage and current violations in LVDNSs [38, 9, 39,
40], accelerating the degradation of grid assets [37]. In Europe, 2,400 DSOs are tasked with
operating, maintaining, and supervising the distribution grid and its assets to ensure the
provision of electricity to consumers [41].

Advancements in information and communication technology (ICT) are enabling DSOs to
actively monitor LVDNs. With the deployment of smart meters at consumers’ grid connection
points, DSOs can not only gather consumption data (typically on a 15-minute or hourly basis)
but also gain grid edge situational awareness [42], including voltage monitoring and control
capabilities [43]. While smart meter adoption in Germany lags significantly behind, other
countries are making strides. For instance, in the UK, collectively across all energy suppliers,
there were 32.1 million domestic smart meters (60% of households) installed by the end of
Q3 2023 [44]. Together with remote-controlled MV /LV transformers, these enable DSOs
to quantify the impacts individual DER units have on the distribution grid and potentially
implement corresponding control mechanisms. By implementing such control mechanisms,
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Figure 2.1.: Comparison between the traditional and the emerging energy system showcasing

the four different voltage levels according to DIN EN 60038 as well as exemplary
participants and assets. Source: Own illustration based on data of [35].

DSOs can consider a grid-serving use of DERs and significantly reduce potential investments
in grid infrastructure [45].

To integrate physical grid limitations into the management of DERs and mitigate potential
negative impacts on distribution grid assets, DSOs can utilize various mechanisms. In
particular, innovative market mechanisms like microgrids and virtual power plants (VPPs)
facilitate the integration of DERs into existing energy systems. Microgrids can be operated in
an island mode, independently from the actual LVDN [46, 47, 48], while VPPs aggregate DERs
dispersed in large geographical areas [49]. These approaches allow DERs to participate in
wholesale energy markets and provide various ancillary services to DSOs [50, 51, 52, 53, 54].

2.2. The Energy Sharing Concept and its Regulatory Framework

Another innovative market mechanisms is energy sharing, seen alongside the VPP and
microgrid concept as one of the most preferred ways to facilitate the integration of DERs
into energy systems [55, 56]. Energy sharing is a market-driven concept that is available
for REC members [57]. In contrast to microgrids, where all connected participants are part
of the defined entity [58], RECs are not necessarily confined to specific physical areas, and
participation is voluntary [59]. These communities include both consumers and prosumers,
with consumers solely using energy while prosumers generate and consume renewable
energy, actively participating in the energy system.
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In Europe, the legal framework for RECs has been established by the EU’s Clean Energy for all
Europeans package. Specifically, directives such as the Electricity Market Design II (Directive
EU/2019/944 [60]) and the RED II (Directive EU/2018/2001 [14]) have introduced terms such
as Citizen Energy Community and Renewable Energy Community, respectively. Throughout this
report, these various community types will collectively be referred to as RECs. Specifically,
the Clean Energy for all Europeans package allows European citizens to engage in RECs legally,
granting them the right to produce, consume, store, and share renewable energy within the
community, with access to all relevant electricity markets in a non-discriminatory manner [61,
62]. Such communities may include individuals, small- and medium-sized enterprises, or
local authorities like municipal governments [4], and prioritize community benefits—whether
environmental, economic, or social—over financial profits [59, 16].

In practice, RECs can be implemented as either a centralized or decentralized architecture [63].
In a centralized implementation, a single optimization and management strategy, typically
overseen by a CM, serves all REC members. In contrast, a decentralized approach distributes
optimization and management tasks among multiple participants [64]. Notably, our study
employs a centralized approach and encompasses an energy sharing REC that extends beyond
localized boundaries (beyond the meter [59]), i.e., the community is not restricted to specific
areas or closed systems like private microgrids or tenant electricity models in MABs.

The benefits of energy sharing, extensively studied, encompass improved profitability [65,
66, 67, 64, 68], CO, reductions [64], and higher levels of self-sufficiency [69, 70, 5]. However,
the DERs involved in energy sharing can also pose challenges to the existing grid infrastruc-
ture, such as congestion and voltage issues [39]. Components of grid infrastructure, like
transformers and lines, play a pivotal role in energy sharing frameworks as they facilitate
the transmission of electricity from its source to its destination. Therefore, an energy sharing
transaction should only be deemed valid if it considers the impacts on these infrastructure
elements.

2.3. The Impacts of Energy Sharing on Low Voltage Distribution
Networks

Based on the preceding discussion, it becomes clear that the majority of studies and pilot
projects concerning energy sharing prioritize highlighting the benefits it offers to participants,
rather than examining its direct impacts on established system boundaries such as distribution
grid infrastructure. This is also confirmed by reviews on this topic, for example, by Dudjak
et al. [71]. Recently, some first academic studies have emerged considering the technical
constraints associated with energy sharing within LVDNSs.

Guerrero et al. [72] evaluate the technical impacts caused by energy sharing transactions in a
LVDN in the UK. Their method predicts the network state caused by each energy sharing
transaction made and internalizes the extra cost associated with the violations of the physical
constraints. Tushar et al. [73] use a game-theoretical approach to facilitate energy sharing
transaction that can help the grid to cope with peak hour demand, while, at the same time,
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ensure economic benefits for all participants. Wang et al. [74] propose schemes incentivizing
DER investment and peak load mitigation. Almasalma et al. [39] present a grid voltage
control mechanism that leverages PV inverter control, integrated into the energy sharing
model. Similar voltage-based control mechanisms have been explored in Demirok et al. [75],
Kabir et al. [76], and Efkarpidis et al. [77].

Further, Park et al. [40] propose an energy sharing mechanism in which the REC has an
obligation to reserve some flexibility during each transaction to ensure that the distribution
grid remains intact. Specifically, the DSO announces the amount of flexibility to be reserved
at the appointed time and the reserved flexibility is then used to mitigate any short-term
voltage issues [40]. Also following a multi-stage approach, Putratama et al. [78] present
an energy sharing settlement strategy that lets participants first minimize their energy bills
through energy sharing and then adjust the market results to mitigate any voltage violations.
In Morstyn et al. [79] energy sharing transaction fees are defined on a day-ahead basis by
the DSO and used to ensure network constraints are met. However, none of these papers
delve into the actual impacts of energy sharing on the grid, as their primary focus remains on
solutions derived from incorporating grid constraints into the energy sharing model.

While many studies focus on integrating grid constraints, only a limited amount of literature
focuses on analyzing the direct impacts of energy sharing transactions on the distribution
grid. Azim et al. [80] studied power losses in distribution grids caused by energy sharing.
Specifically, they observe network losses where energy sharing participants are provided
with BS systems and flexible loads. The report of Hayes et al. [81] presents a co-simulation
approach of energy sharing transactions and power flow analysis of a local distribution grid.
Simulating a typical European semi-urban LVDN, they suggest that a moderate level of
energy sharing transactions does not have a significant impact on grid performance. Teske et
al. [45] propose a coordination and control mechanism for a decentralized energy sharing
marketplace which not only achieves economics benefits for both prosumers and the DSO but
also avoids grid congestions in the short term and reduces the need for grid reinforcement in
the long term. Orlandini et al. [82] perform a power flow analysis to assess the grid impacts
of energy sharing. An iterative approach is proposed, in which energy sharing transactions
are validated based on grid limit violations and a dynamic network fee component is adjusted
accordingly to motivate participants to avoid grid congestion.

Botelho et al. [83] improve this approach by determining which peers contribute to the
violation of certain network constraints and then penalizing their transactions in an iterative
approach. Similarly, Dynge et al. [9] evaluate the economic benefits of energy sharing for
consumers and prosumers, while also examining the challenges these transactions pose
for grid operation. Their findings indicate that while the installation of PV systems alone
has negligible impacts on grid operation, the use of decentralized BS results in increased
voltage fluctuations and a 14% rise in losses within the neighborhood compared to scenarios
without energy sharing. Recent studies like the one by Hussain et al. [37] focus on the
degradation of distribution grid assets, optimizing energy sharing such that the amount
of power households can draw from the grid gets limited in case potential damage to the
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transformer is caused. In addition, Saif et al. [15] conduct a study quantifying the impacts of
energy sharing transactions on LVDN performance under different retail electricity pricing
schemes and Nour et al. [56] study the impacts of energy sharing on voltage unbalance of a
LVDN while comparing energy sharing to cases where each building optimizes their assets
based on regular HEMS.

2.4. Contributions Beyond the State of the Art

This report aims to contribute beyond the state of the art, by examining how different pricing
strategies (a static one representing the status quo, and two dynamic ones, anticipated to be
implemented in the coming years) and pathways towards electrification (drawing from both
2023 data and 2037 projections) shape the impact energy sharing has on LVDN performance.
Specifically, our analysis encompasses a variety of twelve scenarios reflecting diverse REC
configurations in current (2023) and future contexts (2037), encompassing PV systems, BS
systems, EVs, alongside variations in pricing structures from static to dynamic, and differing
network fee components. This array of scenarios offers insights into how energy sharing
impact grid performance metrics across varying conditions. To the best of our knowledge,
such an multi-facet analysis of the impacts of energy sharing on LVDNSs for a REC in Germany
is still absent in spite the variety of existing research.
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3.1. Community Architecture

In our modeling approach, we envision a REC comprising diverse buildings, each accommo-
dating various types of households capable of acting as either traditional energy consumers
or prosumers generating their own electricity using RES. These buildings are interconnected
at the same voltage level, specifically within a segment of the LVDN, which may consist of
a single feeder (i.e., a segment that is served by a single transformer) or a group of them.
Within this network segment, the REC constitutes a subset of nodes, as depicted in Figure 3.1.
Therefore, not all buildings within the LVDN segment may take part in the REC, as some
may opt for conventional grid imports and exports without engaging in energy sharing. Such
buildings will operate in a so-called business as usual (BAU) mode, similar to conventional
consumers today without involvement in local energy community initiatives. This setup
aligns with the provisions outlined in the EU’s RED II (Directive EU/2018/2001 [14]), which
requires that participation in such schemes must be voluntary. Nevertheless, we assume
all buildings in the segment possess various DERs, including PV systems, BS systems, EVs,
and/or HPs.

Regarding the community itself, all buildings considered part of the REC can freely share
energy with other members, thereby reducing their reliance on grid imports from traditional
retailers. However, each building within the REC still has the option to procure energy from
the traditional retailer, which is particularly relevant during periods when the community
may not be entirely self-sufficient (e.g., insufficient RES generation available to cover the entire
community demand). Furthermore, we assume each building is equipped with smart metering
technology, enabling real-time monitoring and measurement of energy flows. Additionally, a
HEMS is installed in every building, optimizing the operation of DERs based on inputs such
as load profiles and market signals. These market signals include traditional signals from the
retailer (e.g., retail electricity prices, network fees, and FITs) and community-based prices for
energy sharing transactions. Apart from consumers/prosumers, other key stakeholders in the
community structure include a designated CM, the DSO, and the traditional energy retailer.

Operating within a centralized community architecture, the CM acts as a third-party oversee-
ing the coordination of HEMSs across various buildings and facilitating energy sharing among
community members. Specifically, all buildings in the REC coordinate with the CM to solve
a centralized optimization problem and find an optimal solution for the entire community.
The DSO ensures that community activities comply with technical network constraints by
monitoring power flows within the LVDN. For this purpose, we assume the DSO has all
relevant monitoring infrastructure in place. Finally, the traditional energy retailer serves
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as a supplier for energy imports and exports to and from the grid, complementing energy
sharing within the community. Importantly, in a real-world setting, the retailer would not
require direct access to households” metering data, unlike the CM and the DSO. Instead, the
DSO would provide necessary billing information (e.g., total energy imported or exported
to/from the grid) to the retailer. This architectural framework seamlessly integrates into the
existing liberalized energy market structure, where consumers retain autonomy in select-
ing their preferred energy retailer while also having the option to participate in voluntary
community-based energy initiatives like energy sharing.

Low-voltage distribution network

@ MV/LV transformer

Energy community

——— Powerline
ﬁ Prosumer ﬁ Consumer ﬁ Passive household --——---- Energy sharing transaction

Figure 3.1.: Architecture and placement of the examined REC within the LVDN. Source: Own
illustration.

3.2. Modeling Approach

Our research adopts a sequential modeling approach, involving an energy sharing model and
a network model. In the first step, the energy sharing model is executed, utilizing a mixed-
integer linear programming (MILP) optimization model to manage the operational statuses
and parameters of the DERs within the buildings. It determines an optimal solution for the
entire community by managing energy import/export, overseeing charging/discharging of
BS systems and EVs, and facilitating energy sharing transactions. In real-world settings, the
CM would execute the optimization of various HEMSs in the community to find a common
optimal solution and collect and process the metering data from each building. Metering data
would be aggregated, ensuring the privacy of individual consumption data, before it would
be sent to the DSO. Our energy sharing model is implemented in Python, utilizing the Gurobi
optimizer [84] as the solver.
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Subsequently, the network model (typically run by DSOs in real-world settings), utilizes the
energy sharing model’s outcomes to conduct power flow simulations, ensuring compliance
with existing network constraints. Building upon relevant network, load, and RES generation
data, the network model can obtain voltages at different nodes, line flows, and various
additional performance metrics, relevant for our analysis, by solving nodal power balance
equations [85]. The network model is implemented using Pandapower [86], an open-source
Python tool for power flow analysis, combining the power flow solver Pypower and the data
analysis library Pandas. Methodologically, the network model utilizes aggregated net demand
data, a LVDN reference network model (RNM), and specific network data to simulate power
flows. We present our modeling process through a comprehensive flowchart in Figure 3.2.

3.3. Performance Assessment

While our primary focus lies in evaluating how energy sharing affects network performance,
we also delve into assessing its impact on energy community performance. Therefore,
we verify the functionality of our model approach through analysis of different technical
performance aspects, including grid and community interactions, as well as DER operation
within our energy sharing framework. Furthermore, we quantify the costs associated with
the REC operation, specifically measuring the total electricity costs resulting from grid and
community interactions, encompassing both imports and exports.

To quantify the impacts of energy sharing on network performance, we assess various
network performance metrics. First, we asses transformer and line loading, i.e., the loading
of these assets must not exceed 100% to avoid power disruptions, curtailment of DER units
at associated buses, or necessitate network reinforcement measures. Second, we quantify
how much voltage occurs at each connection point in the LVDN, reflecting both demand
and RES generation. Changes in voltage generally occur depending on the direction of
current flow, resulting in drops during periods of high demand and increases during times of
high generation. Excessive demand/generation can thus cause deviations from the nominal
voltage, leading to deteriorating voltage quality and necessitating costly voltage compensation
measures. To mitigate these issues, we adhere to voltage limits set at +/- 6% of the nominal
voltage. Additionally, we quantify over- and under-voltage hours by counting the total
number of time steps where voltage limits are exceeded.

Finally, we also evaluate the costs related to grid reinforcement. Should certain grid per-
formance benchmarks be breached, the DSO is obligated to implement grid reinforcement
measures, which may involve installing extra lines or adding a larger transformers to the
LVDN feeder. Accordingly, the DSO monitors metrics such as transformer loading, the load
on all LVDN lines, and voltage limits to identify potential bottlenecks and make necessary
investments in grid reinforcement. For lines, it is assumed that the DSO installs parallel
lines, while for transformers, new units with greater rated capacity are installed [45, 87]. We
follow an iterative approach similar to that in [88]: initially, we examine line overloading and
add parallel lines alongside existing ones, starting from the transformer. Next, we evaluate
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transformer loading, upgrading it to the next available standard size if overloading is detected
[33]. Subsequently, we search for any voltage violations in the grid. Specifically, we examine
the voltage magnitudes at all 906 buses, and if violations are identified, we reinforce the lines
connecting to the affected buses by adding parallel lines starting from the transformer. It
is worth noting that there is no imposed limit on the number of parallel lines that can be
installed in the feeder. After each step in the approach, we re-run the power flow simulation
to verify if any grid constraints persist, repeating the necessary step (i.e., adding additional
lines/transformer capacity) as required.

3.4. Scenarios

As discussed in Section 2, the rise of residential electrification, especially the widespread
integration of DERs and novel market mechanisms like energy sharing, pose significant
challenges to LVDNs. Additionally, the adoption of digital-enabled, low-carbon energy
innovations at consumers’ connection points, such as HEMSs, further strains distribution
grids due to consumers adjusting their consumption patterns based on market signals [89,
64]. Hence, this report evaluates the performance of an REC and its impact on an LVDN,
considering various electrification pathways (to accommodate the evolving DER landscape)
and electricity pricing strategies (to address external market signals). Specifically, we analyze
the performance of our methodology across two electrification pathways (for 2023 and
2037) and three pricing strategies (static pricing, dynamic pricing, and dynamic pricing
incorporating a dynamic network fee component). Furthermore, each scenario encompasses
two operational modes for the LVDN: a baseline scenario (BAU), where buildings optimize
their assets independently using their HEMSs, and a collaborative energy sharing scenario
(REC), where buildings participate in the centralized REC and engage in energy sharing. In
total, we explore 12 scenarios, as outlined in Table 3.1.

ID Electrification pathway Operating mode Pricing strategy

s0 2023 BAU SP
sl DP
s2 DN
s3 REC SP
s4 DP
s5 DN
s6 2037 BAU
s7 DP
s8 DN
s9 REC SP
s10 DP
sl1 DN

Table 3.1.: Studied scenarios. Source: Own illustration.
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3.4.1. Electrification Pathways

We establish two electrification pathways to account for a future uptake of DERs (cf. Table
3.2). The German electricity network development plan 2023-2037 /2045 identifies a strong
demand growth in the household sector for DERs such as EVs, HPs, and PV-BS combinations
[7]. For this reason, our analysis will encompass both a current 2023 electrification scenario
and a future 2037 electrification pathway for the uptake in electric mobility demand, the
electrification/decarbonization of heating demand, and the demand for BS systems.

Year EVs [%] EVs bidi. [%] HPs [%] PV-BS [%]
2023 0.02 0 0.06 0.01
2037  0.65 0.65 0.76 0.71

Table 3.2.: Electrification pathways. Source: Own illustration based on data of [7].

3.4.2. Pricing Strategies

To uncover how different market signals impact the model’s outputs, we investigate three
pricing strategies. We examine these strategies in light of current and anticipated electricity
pricing regulations in Germany, encompassing diverse frameworks for both electricity rates
and network charges. The Static Pricing — SP strategy maintains static electricity prices and
network fees over time, providing minimal encouragement for consumers to change their
consumption habits. This pricing strategy serves as a baseline, illustrating a situation without
significant economic incentives to modify energy usage based on pricing signals.

Moving towards more dynamic market signals, the Dynamic Pricing — DP strategy introduces
dynamic electricity prices while keeping network fees unchanged. This variability aims to
influence users to consume more energy when prices are low, often during times of high
RES availability, and less when prices are high. Notably, this strategy aligns with Germany’s
forthcoming regulation § 4la EnWG that mandates electricity suppliers to offer dynamic
pricing models from January 1, 2025 [27].

As the most advanced among the examined strategies, the Dynamic Network Fee — DN strategy
integrates dynamic electricity prices with dynamic network fees. Such a structure not only
encourages users to adapt to varying electricity prices but also to consider the network’s
current state, promoting adjustments in energy usage to avoid potential overloads of network
infrastructure. Our calculation of dynamic network fees align with the requirements of §14a
EnWG, which mandates that there should be three fee levels available: a standard fee (i.e.,
equivalent to our static network fee), a reduced fee (10% to 80% of the standard fee), and an
increased fee (up to double the standard fee). We adjust the network fees based on historical
data of the transformer load in our baseline pricing strategy. Specifically, when the load on the
transformer surpasses or falls below certain thresholds, the network fee adjusts accordingly:
it increases if the load is above 70% and decreases if below 10%.
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Figure 3.2.: Flow chart of the modeling approach. Source: Own illustration.
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4. Results & Discussion

4.1. Technical Description

Our energy sharing model adopts a centralized management approach for the operation of
DERs and the facilitation of energy sharing within an REC. The primary goal of our model is
to minimize the overall energy procurement costs of the REC. We have successfully achieved
considerable cost reductions at the community level, with savings of up to 80% compared to
BAU scenarios. This significant reduction is attributed to the decreased reliance on traditional
grid interactions among REC members, who prefer engaging in energy sharing transactions
within the community. Specifically, REC scenarios demonstrate a potential for up to 78%
reduction in grid imports and complete elimination of exports to the grid. At times, there are
no imports from the retailer at all, as REC members prioritize self-consumption of their own
RES generation or opt for energy sharing within the community.

In the 2037 scenarios, with a higher installation of DERs, energy sharing within the community
is even more pronounced. This setup accommodates increased electricity demands while
enabling energy storage in BS systems and EVs for later exports to the community. Specifically,
households charge their assets during periods of high solar radiation (resulting in higher
PV generation) and sell excess energy to other community members at a later point in
time. Regarding pricing strategies, minor variations in grid imports are observed across the
scenarios, mainly due to our decision to maintain a static FIT while introducing variability in
prices through dynamic electricity prices and network fees. Scenarios employing dynamic
electricity prices witness higher grid import peaks, especially during periods of low retail
electricity prices and when numerous DERs are installed (as seen in the 2037 scenarios). In
terms of costs, the impact of energy sharing on electricity costs is significant, showcasing
savings of up to 80% for our REC scenarios. This reduction can be primarily attributed to
decreased reliance on regular retailer imports, coupled with the community price being set
substantially lower than the retail electricity price.

Conducting power flow simulations, we also quantify the impacts of energy sharing on
various network performance metrics. First, we compare the outcomes of our network model
across twelve scenarios concerning their impacts on the loading of individual grid assets,
specifically, the transformer and the line connected to the transformer. Second, we delve into
the changes in voltage magnitude present at three representative buses within the LVDN.
Finally, to provide a more detailed picture on how energy sharing impacts the entire LVDN,
we calculate grid reinforcement costs resulting from overloading of all grid assets and/or
voltage deviations at all buses within the LVDN.
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Comparing scenarios with and without energy sharing, we find a substantial reduction in the
loading of individual grid assets for scenarios where energy sharing is in place (cf. Figure
A.3 and Figure A.4 in the Appendix). Specifically, while transformer loading reaches up to
91% in BAU scenarios, the maximum transformer loading in REC scenarios does not exceed
29%. In the 2037 scenarios, with a higher installation of DERs and energy sharing within
the community being more pronounced, the transformer is loaded to more than 100% in all
scenarios, necessitating grid reinforcement measures such as the installation of a transformer
with a larger capacity. Nevertheless, when compared to the BAU mode in these scenarios,
energy sharing mitigates transformer loading impacts by up to 56%, illustrating its positive
influence on transformer loading compared to scenarios where buildings do not engage in
energy sharing.

For the line loading (cf. Figure A.3 and Figure A.4 in the Appendix), similar trends are
observed as with transformer loading. To quantify the impacts of energy sharing on line
loading in the LVDN, we measure the loading of the line connected to the LV side of the
MV/LV transformer. Again, REC scenarios demonstrate lower loading values compared to
BAU scenarios. Notably, we find the reduction in line loading to be more significant for cases
with dynamic pricing being enabled. For example, in the 2023 scenarios energy sharing with
dynamic pricing leads to a 62% reduction in line loading compared to energy sharing with
static pricing (14%). In the 2037 scenarios, across both operating modes significant higher
line loading values can be observed compared to the 2023 scenarios. However, persistent
asset overloading (i.e., line loading >100%) is only observed for the BAU mode, emphasizing
the positive impact of energy sharing on line loading in future LVDNSs. Again, strong line
loading stems from short-term peaks that occur a few times a day and mostly align the
charging of individual DERs. In addition, examining the individual feeder segments, varying
loading levels can be observed, with some segments experiencing heavier loading than others,
potentially indicating areas for targeted infrastructure upgrades.

We also quantify the network performance in terms of voltage magnitudes (cf. Figure
A.5 and Figure A.6 in the Appendix). Specifically, we analyze the voltage magnitudes at
the three representative buses within the LVDN—one for each phase: A, B, and C—that
demonstrate the most significant voltage deviation throughout the simulation period. We
present the voltage magnitudes for each phase individually, since our LVDN is unbalanced,
with prosumers with varying characteristics (i.e., consumption and DER adoption) not being
distributed in balanced way across the feeder segment. Generally, smooth voltage profiles
(i.e.,, minimal variations across time steps), indicate stable voltage conditions at the connection
point. Conversely, larger fluctuations suggest instability at the connection point, as voltage
should not surpass defined voltage limits [90]. The specific voltage magnitudes are influenced
by both consumption and generation. Increased levels of RES generation and additional
energy being fed into the grid typically raise voltage levels, while increased consumption
(e.g., due to electrification and DER adoption) often leads to decreased voltage levels due to
heightened resistance in distribution grid lines [91].

When analyzing voltage profiles for all three phases within a 48-hour timeframe, we observe
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significantly more pronounced fluctuations in scenarios with energy sharing compared to
those without. For example, in the 2023 scenarios, voltage profiles of all three phases in BAU
mode exhibit a relatively consistent pattern, while voltage profiles for the REC mode display
a more inconsistent pattern. While the heights and frequencies of voltage peaks are largely
the same, it is clear that the spread of the voltage profile for cases with energy sharing is
broader, deteriorating further than for cases without energy sharing. This trend likely stems
from the additional degrees of freedom REC participants have compared to regular buildings
in the LVDN. They can import/export energy from/to each other member in the community
in each time step, leading to more energy exchanges across the entire feeder. To provide
a broader perspective on voltage magnitudes, Figure A.7 also visualizes the voltages of all
buses within the LVDN for the 2037 energy sharing scenario during the peak demand hour.
Examining the individual feeder segments, varying voltage levels can be observed, with some
segments of buses experiencing heavier voltage magnitudes than others.

To gain a comprehensive understanding of how energy sharing impacts an entire LVDN, rather
than isolating individual components, our analysis extends to evaluating grid reinforcement
expenses (cf. Table A.1 in the Appendix). This entails examining the transformer load, the
load of the 905 lines, and the voltage levels across all 906 buses. This broader scope builds
upon the previous sections, where we only investigated the line loading of the line connected
to the LV side of the MV/LV transformer and the voltage levels at three representative buses.
Examining the entire feeder segment presents a nuanced perspective compared to our prior
findings. While energy sharing does not necessitate extensive grid reinforcement in terms of
transformer and line loadings, significant measures are required due to breaches in voltage
limits at various buses within the LVDN. When comparing scenarios with and without energy
sharing, we observe higher overall grid reinforcement costs across all scenarios with energy
sharing. However, these costs primarily arise from installing additional lines to address under-
and overvoltage at various buses, rather than from lines installed due to overloading. In
terms of overall reinforcement expenses, in the most extreme case, energy sharing incurs grid
reinforcement costs of €342,273, requiring the addition of over 5.9 km of new lines across the
entire feeder by 2037. In contrast, for the same year, we estimate costs 44.9% lower (€188,580)
for scenarios where energy sharing is not employed. Regarding transformer reinforcement,
the situation is reversed, with scenarios without energy sharing requiring larger transformer
extensions due to transformer overloading. In 2037 scenarios, we need to upgrade to a 630
kVa rated transformer for BAU scenarios, while only a 250 kVa rated transformer is necessary
for REC scenarios.

It is worth noting, however, that the costs associated with added transformer capacity are
largely negligible when compared to the expenses for line reinforcement measures. The
expenses for line reinforcement incurred due to under- and overvoltages at a significant
number of the 906 buses in our feeder are substantially higher and likely stem from the
previously observed trend in voltage profiles of the three representative buses within a
48-hour timeframe. In contrast, buildings operating in BAU mode tend to adhere to a more
consistent pattern, such as injecting surplus energy when a lot of RES generation is available.
Conversely, REC mode buildings enjoy additional flexibility, including the option to sell excess
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RES generation to fellow participants instead of simply injecting it into the grid, enabling
energy arbitrage among members. Remarkably, regarding pricing strategies, dynamic pricing
notably reduces grid reinforcement costs, particularly evident for the 2037 REC mode, where it
leads to a 42.7% reduction compared to static electricity pricing. Interestingly, when dynamic
network fees are enabled, the difference in grid reinforcement costs between cases with and
without energy sharing is less significant than previously observed, rendering the future grid
reinforcement costs for energy sharing less significant.

4.2. Relevance to Germany

Discussions and initial steps toward implementing energy sharing frameworks are underway
across various European nations. However, most countries primarily focus on establishing
a broad framework for RECs, driven by the deadline to transpose the EU’s RED II (Direc-
tive EU/2018/2001 [14]) provisions by June 30, 2021. Regulators in Germany encounter
difficulties in implementing consumer-centric market approaches like energy sharing, as
analyses of actual system impacts are largely still pending [29, 16]. Consequently, setting
appropriate incentives is hindered by insufficient data and analysis. Evaluating the feasibility
of widespread energy sharing implementation within RECs and understanding its impacts
on distribution grids are pivotal for shaping an effective legislative framework. Against this
backdrop, we have investigated the impacts of energy sharing on LVDN performance by
studying various network performance metrics. Methodologically, we have demonstrated that
innovative energy sharing approaches, akin to those tested in regulatory sandboxes in the
UK overseen by OFGEM, could potentially be applied in Germany. These sandboxes provide
a space for regulators to experiment with new solutions free from traditional regulatory
constraints, thereby showcasing the potential impacts on existing system boundaries, such as
grid infrastructure. By examining the UK’s sandboxes in detail, Germany can gain insights
into the practical implementation of energy sharing initiatives, including the regulatory
mechanisms (e.g., pricing under §14a and §41a EnWG), technological infrastructure (e.g.,
smart meter roll-out), and network performance impacts.

Importantly, as demonstrated in our literature review, both, pricing strategies and pathways
towards electrification, play a significant role in the adoption of innovative market mechanisms
like energy sharing. With regards to the pricing strategies, for example, the RED II explicitly
mandates regulators to develop a framework that allows REC members to freely share energy
according to internally defined rules but to also be subject to cost-reflective network charges that
ensure their adequate contribution to the overall system cost. Hence, we consider dynamic
pricing strategies with 1) static network fees that take into account standard assumptions
on system impacts and 2) dynamic network fees that account for the actual impact energy
sharing is causing on the local LVDN. In the same vein, regulators also have to consider the
future decentralized, bottom-up nature of the energy system that is largely driven by the
electrification of both transportation and residential heating. Therefore we consider future
uptake in DERs by integrating the adoption rates for BS systems, EVs, and HPs, outlined
in the German electricity network development plan 2023-2037/2045. Existing literature
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often overlooks the relationship of these factors, making it difficult for regulators to define
fitting regulatory frameworks for energy sharing schemes given the external boundaries (e.g.,
grid characteristics, pricing strategies) of such schemes. This gap is particularly evident in
Germany, where no prior study has evaluated energy sharing within the framework of the
electricity network development plan or upcoming regulations on pricing, notably under
§14a and §41a EnWG.

This report closes this gap by offering valuable insights for a variety of REC stakeholders
in Germany, including REC participants (REC planners, consumers/prosumers, and CMs),
regulators, and DSOs. For REC participants, the study unveils significant advantages during
the operational phase of energy sharing schemes. It demonstrates substantial cost reductions
compared to scenarios lacking a community setup, alongside the potential for achieving self-
sufficiency, thereby reducing reliance on conventional energy retailers and grid interactions.

Regulators stand to gain invaluable insights from our approach too, enabling them to assess
network performance under various setups during the planning phase of REC initiatives. This
includes anticipating future pricing strategies, especially in light of forthcoming regulations
such as those outlined in §14a and §4la of the German EnWG, as well as forecasting
bottlenecks arising from the escalating adoption of DERs as highlighted in the German
electricity network development plan 2023-2037/2045. Regulators must not only consider
direct impacts on existing system boundaries like grid infrastructure but also carefully
weigh the potential trade-offs between participant benefits and those for non-participating
consumers. Our approach aids in quantifying these benefits for REC participants (e.g., cost
reductions through community interactions) while also evaluating the consequences for
non-participating consumers (e.g., necessitating grid reinforcement measures). For instance,
our analysis of various grid reinforcement costs demonstrates that the choice of pricing
strategy, such as dynamic pricing with a dynamic network fee, can have substantial impacts
on required infrastructure upgrades.

Furthermore, our research offers valuable insights for DSOs in planning energy sharing
schemes within LVDNS. It allows them to evaluate the impacts of such schemes on individual
network assets and assess potential grid reinforcement measures accordingly. Additionally, the
introduction of dynamic network fees creates a mechanism for DSOs during the operational
phase of REC initiatives to provide feedback to the community on the utilization of distribution
grid assets. This marks a significant step towards equipping DSOs with grid edge situational
awareness [42], facilitating not only the quantification of energy sharing impacts on the
distribution grid but also the potential implementation of corresponding control mechanisms.
In the German context, regulatory frameworks for this are already underway, with §14a
EnWG not only providing the framework for the introduction of dynamic network fees but
also for direct interventions of the DSOs in instances of network violations, allowing them to
directly control operators of controllable consumption devices in future contexts.
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In the early stages of studying the evolving energy system, research primarily focused on ana-
lyzing the integration of DERs into LVDNs. However, with the emergence of consumer-centric
market concepts such as energy sharing, attention shifted towards end-user perspectives,
often overlooking the impact of such concepts on the physical grid infrastructure. This report
diverges from this trajectory, delving into the broader implications of energy sharing on the
energy system, particularly its impacts on local LVDN. Our study centers on a REC located
in Munich, Germany, showcasing the applicability of the energy sharing concept tested in
regulatory sandboxes in the UK in Germany. An energy sharing model is implemented to
optimize the DERs of the community members and determine the net energy demand for each
building. Subsequently, power flow simulations are performed to validate the model’s results
on the IEEE European LV test feeder. We assess the impacts of energy sharing on LVDN
performance by studying various network performance metrics, including asset loading
(i.e., loading of the lines and the transformer), voltage magnitudes, and grid reinforcement
costs. Additionally, we explore various pricing strategies and electrification pathways to
comprehensively evaluate the implications of energy sharing. In this vein, this report presents
several innovative contributions to the realm of modern energy system analysis.

Through our study, we addressed the three RQs outlined earlier. Initially, we presented
an effective methodology for integrating energy sharing schemes within RECs situated in
LVDNs by employing a sequential modeling approach, which encompasses an energy sharing
model and a network model. Subsequently, we assessed the impacts of energy sharing
within LVDNs on various network performance metrics. Our findings reveal that while
energy sharing has minimal effects on transformer and line loading, it significantly influences
voltage magnitudes at various buses within the LVDN, potentially leading to substantial
increases in grid reinforcement costs in future scenarios (i.e., 2037). Finally, we showed
how the insights gained from this study can effectively inform energy sharing initiatives
in Germany. Specifically, there is no prior study available that evaluated energy sharing
within the framework of the electricity network development plan or upcoming regulations
on pricing, notably under §14a and §41a EnWG.

Our research illustrates that implementing energy sharing not only results in considerable
cost savings at the community level (with potential savings of up to 80% compared to
scenarios without energy sharing) but also brings about significant reductions in grid asset
loading (with decreases in transformer loading of up to 68% and line loading of up to 62%,
compared to baseline scenarios). Conversely, we show that energy sharing can significantly
influence voltage magnitudes at various buses within the LVDN, potentially leading to
substantial increases in grid reinforcement costs in future scenarios (i.e., 2037). Despite

22



5. Conclusion & Recommendations for Action

these contributions, it is imperative to acknowledge various limitations inherent in both the
modeling and analysis within our study. Specifically, our modeling assumed simplifications
regarding the studied REC architecture, the underlying network topology, as well as the
implementation of electrification pathways and pricing strategies, thus paving the way for
future research to delve into the impacts of large-scale energy sharing across various grid

types.

In this context, increased transparency regarding grid-related information from the DSOs in
Germany is also essential. Currently, most REC planning and analysis rely on RNMs as ap-
plied in this study to perform network simulations and evaluate network performance. Hence,
higher levels of transparency regarding precise grid-related information (often proprietary
information held by DSOs) would enable more realistic modeling of energy sharing impacts
on larger grids and facilitate better planning and evaluation of infrastructure upgrades. In
addition, it is important to highlight that our approach is greatly reliant on advancements in
ICT. Specifically, it hinges on Germany’s widespread adoption of smart meters at consumers’
grid connection points and monitoring infrastructure at the DSOs’s network assets, such as
remote-controlled transformers. These advancements will enable precise measurement of
consumption data and network data, essential for effectively evaluating the impacts of energy
sharing on various network performance metrics.

In addition to the research community, our findings offer valuable insights for a range of
stakeholders, including REC participants, regulators, and DSOs. Our approach empowers
them to assess network performance under different REC configurations during the planning
and operational phases of energy sharing initiatives, facilitating proactive measures such as
grid reinforcement. In alignment with the UN SDGs—specifically, Goal 7 (Affordable and
Clean Energy), and Goal 13 (Climate Action)—we thereby catalyze the transformation of
today’s energy system, steering it towards a brighter, more sustainable future.
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Management Summary

The aim of the study was to assess the relevance and trends of artificial intelligence (Al) in the energy
sector, with field research taking place in Singapore, which also analyzed the findings for the
transferability of the trends to Germany. As an area of application the study deals with the following
trends: cybersecurity, distributed energy resource management systems (DERMS) and no-code Al

platforms.

Cybersecurity and Al Applications

This section highlights the increasing importance of the interplay between Al and cybersecurity. The
findings emphasize the importance of robust data security in Al systems and argue for a balanced
approach that balances usability with stringent security measures. The shift towards a zero-trust
architecture and the need for comprehensive cybersecurity strategies at both a technical and
organizational level are highlighted. These insights, gleaned from experts like Interview A and
conventions like GovWare 2023, suggest a roadmap for navigating the complex field of Al and
cybersecurity and advocate for increased education, regulatory oversight and a proactive stance

toward new challenges.

Distributed Energy Resource Management System (DERMS)

Developed by the Energy Research Institute @ NTU (ERI@N) (Tanmay Kumar Pradhan & Prof Dong
Zhao Yang), DERMS represents a significant advance in addressing the complexity created by the
increasing integration of renewables, electric vehicles and energy storage into the power grid. This
system is characterized by its innovative approach of probability-based forecasting, stochastic
optimization and distributed architecture and offers a number of benefits, such as improved grid
stability, efficient integration of renewables and electric vehicles, and increased energy efficiency.
However, it also brings challenges related to technical, regulatory and market aspects that require

careful navigation.

No-code Al platforms

The emergence of no-code Al platforms, as shown Kaher (2023), represents a paradigm shift in Al
development. These platforms enable a comprehensive, accelerated approach to the development and
deployment of Al models and can be a game changer for the energy sector. They enable predictive
maintenance and other complicated tasks through a user-friendly, node-based interface, significantly

reducing the traditional barriers to Al development. This trend will improve the efficiency of the sector,



democratize Al applications and encourage broader, more efficient engagement with Al-driven

solutions.

Applicability and transferability to Germany

The findings and trends identified in the study have potentially significant implications for the German
energy sector. The complicated interplay of Al and cybersecurity requires a holistic approach that
integrates technical innovations, human factors, regulatory requirements and proactive strategies. The
potential use of DERMS and no-code Al platforms in Germany offers promising prospects to improve
the integration of renewable energy, strengthen grid stability and drive Al-driven innovation. However,
in order to fully exploit the benefits of these technologies, the specific regulatory, technical and market

conditions in Germany must be carefully considered.

In conclusion, the study not only sheds light on the prevailing importance of Al in the energy sector,
which was evaluated via a market survey, but also paves the way for potential future developments

and trends.



1. Introduction

The energy transition is accompanied by many challenges such as a rapidly increasing number of smart
devices in the distribution grid, increasingly weather-dependent energy production, new customer
requirements, greater strain on the distribution grid, etc (PricewaterhouseCoopers GmbH
Wirtschaftsprifungsgesellschaft, 2022). The aim of the study is to assess the relevance and trends of
artificial intelligence (Al) explicitly in the energy sector in Singapore. The additional aim was to analyze
the results with a view to the transferability of the trends to Germany. Therefore, the study looks at
the following trends that were explored as an area of application of this field research: cybersecurity,
distributed energy resource management systems (DERMS) and no-code Al platforms. The research
country Singapore, as a global hub for trade, finance and technology, has established itself as a leading
centre for research and development in the field of artificial intelligence in recent years and is therefore
fertile ground for new trends in the energy sector(Konrad Adenauer Stiftung e. V., 2020). The "FEL
foreign scholarship" will be used to examine the analysed topic for transferability in Germany Different
framework conditions in both countries, such as the regulation of artificial intelligence and the
associated data protection, the structure of the energy system and the regulation of the energy sector,
must be taken into account. Consequently, successful fields of application for Al in Singapore are not

necessarily applicable to Germany.

1.1 Relevance of artificial intelligence in the energy sector

Al technologies and the associated applications such as improving energy efficiency at production and
distribution level or creating better forecasts for energy consumption and generation can significantly
increase efficiency, profitability and sustainability and therefore contribute to the energy transition
(German Association of Energy and Water Industries (BDEW), 2020). Al and its applications offer a

broad portfolio of opportunities for energy supply companies.

1.2 Relevance of Singapore as a target country

As already described, Singapore is a global hub for trade, finance and technology, which has established
itself as a leading centre for research and development in the field of artificial intelligence in recent
years. The city-state's strategic location, state-of-the-art infrastructure, stable political landscape and
consistent government support for innovation provide an optimal ecosystem for Al projects to flourish.
And the Singaporean population has also come to realise that technology is potentially good and makes
everyday life easier, which is also a good precondition.

Singapore has strict data protection laws, which can be crucial when working with sensitive data, as is
often the case with Al applications. The level of security is comparable to the requirements in Germany
with laws such as the General Data Protection Regulation (GDPR) (Personal Data Protection
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Commission (pdpc), 2023). Singapore offers a fertile platform for the exchange of ideas and the rapid
application of new technologies with the state being able to offer universities such as the National
University of Singapore (NUS) and Nanyang Technological University (NTU), researsch institutions and
close collaborations with the industry. The establishment of high-tech companies and research
institutions is strongly encouraged by various incentives in Singapore (German Accelerator Singapore,
2023). Institutions such as the Agency for Science, Technology and Research and the Smart Nation
initiative are examples of the country's commitment to technological progress. In addition, the multi-
ethnic and multi-cultural context makes Singapore an ideal testing ground for Al systems designed for
global markets. This unique combination of advantages positions Singapore perfectly for Al research

and development, from basic research to commercialisation(German Accelerator Singapore, 2023).

2. Challenge and research question + project

Generally, like it is common in any transformation- or digitalisation- project in the energy sector, high
initial investments are required in order to use scarce resources such as labour and capital more
efficiently in the subsequent phase. In addition to a more efficient use of resources, the factors of
environmental protection and security of supply also play an important role. Within this energy
industry triangle described above (Energy Industry Act (EnWG), 2023), there are many potential Al
applications such as real-time pricing, demand forecasts, weather forecasts, grid management and
optimisation, etc.

In order to challenge potential decision-making processes for energy supply companies (ESCOs) in
favour of or against Al applications, looking beyond national borders can change the perspective. With
Singapore as one of the leading countries in the field of digitalisation and its many start-ups, FinTech
sector (Southeast Asia Globe, 2022), and its own national Al strategy (Smart Nation Digital Government
Office, 2019), which was updated again in 2023 (Government of Singapore, 2023d), Germany and its
companies in the energy industry can take a look into the future. It is important for companies in the
energy industry to make the necessary and right investment decisions now in order to drive their
digitalization forward efficiently. As resources at energy supply companies are very limited, it is
particularly important to make the right investment decisions in functioning and successful Al
applications. (McKinsey & Company, 2021), in order to remain competitive or gain a competitive
advantage.

The big questions are summarized about the challenges and spotting the main trends. Companies need
to think carefully about why they want to use Al and make sure they are spending their money and
time wisely. They should consider their personal benefits and challenges of using Al and decide whether

itis better to develop their own Al solutions or buy them from someone else. This leads to the following



guestions for energy supply companies: which Al applications will help us specifically and how can we
integrate these applications (build or buy decision and solving challenges)?
In short, getting into Al is not just about using new tech. It's also about solving these challenges and

keeping up with the big trends that shape how Al is used in business.

3. Methodology

To analyse the application and perception of Al in the energy sector, mixed methods were used. A
guantitative survey and few interviews with trend leaders were conducted during an innovation trip to
Singapore. The survey enabled the collection of opinions, attitudes and expectations of decision-
makers and experts in the energy sector. The survey was conducted online and participants were made
aware of the survey through initial personal dialogue at trade fairs, workshops and events, so that the
survey was made available to the participants after the trade fairs, workshops and events together with
general information.

The collected survey data is analyzed using classical statistical methods, such as mean values, standard
deviations, quartiles, sums, etc. The survey is aimed at professionals, decision-makers and experts in
the energy and Al sector in Singapore. This includes employees of energy companies, research
institutes, government agencies and non-governmental organisations working in the fields of Al and
energy.

This resulted in a total sample size of around 17 participants - 14 participants from Singapore and one
participant each from Germany, China and the UK. The participants were selected on the basis of a
brief evaluation of the existing specialist knowledge or the underlying specialist knowledge of the
respective survey participant in an initial interview. It should be noted that there is no representative
sample of participants. Due to the selective choice of participants and the number of 17 participants,
the results of the survey are also limited. This limitation was compensated for by qualitative interviews,
which validate the survey results.

The survey provides an analysis of the role of artificial intelligence in the energy sector by highlighting
and evaluating both the potential benefits and challenges of Al applications and examining which
applications could have the greatest social, economic, operational and environmental impact. It also
analyses the decision to build or buy an Al application. Finally, the strategic importance of Al
applications in general was assessed, taking into account the benefits and challenges. With regard to
the benefits and challenges of Al applications in the energy sector, the following topics will be analyzed
for reasons of focus: precise demand forecasts, improved grid management, optimised plant
maintenance, the integration of renewable energies, the efficient use of energy storage, real-time

pricing models, anomaly detection, energy efficiency on the consumer side, improved customer



services, fraud detection, support for engineers through virtual assistants and supply chain
optimisation.

The interviews with the trend leaders are summarized in the "Conclusions and trends" section. Selected
expert interviews were conducted to further deepen the specific expertise and practical experience.
These experts have specialised knowledge in the areas of strategic analysis using artificial intelligence
(Al) and the energy sector, which enables them to provide essential insights into the complex
challenges and aspects of these sectors. Such interviews make it possible to capture a broad spectrum
of perspectives and opinions. The complexity and diversity of factors influencing strategic analysis in
the field of Al require the involvement of experts from different disciplines and backgrounds. Such a
diverse group of experts from the energy and Al sector, particularly from Singapore, contributes to a
holistic analysis from which potential strengths, weaknesses and opportunities for improvement of
current approaches can be derived. The experts are from companies and organizations such as National
University of Singapore, German Entrepreneurship Asia, Mitsubishi Electric Asia Pte Ltd, Al Singapore,
Qi Square Pte Ltd, Solar Energy Research Institute of Singapore (SERIS), Jiva.ai etc.

The qualitative data collected through expert interviews provides insights into assessment practices
and enables a detailed examination of the complex interrelationships within the topic. Open questions
and the opportunity for in-depth discussions promote an understanding of nuanced aspects of strategic
Al analysis (Misoch, 2019).

In addition to the insights gained from the expert interviews, a short summary text was created as a
postscript in some cases, which summarises further condensed information and conclusions from the
interviews (see appendix). This document can be seen as a concise supplement to the detailed
interviews, summarising key findings and recommendations at a glance.

In this study, Chapter 4 methodically conducts a literature review on the regulatory framework and
structure of the energy sector in Singapore. This analysis serves as a basis for understanding the survey
results and expert interviews presented in the following chapters 5 and 6. In particular, the knowledge
gained in Chapter 4 is of central importance for Chapter 7, in which the transferability of the findings
to the German context is discussed. This structured approach enables a profound insight into the topic

and promotes a comprehensive understanding of the study results.

The survey and interviews, which were conducted as part of an eight-week innovation trip to Singapore
from September to October 2023, enables further in-depth analyses of the role, trends and perception
of individual Al applications in the energy sector in Singapore and transferability to other countries

such as Germany.



4. Regulatory framework of the electricity sector in Singapore

This chapter uses literature research to provide an understanding of the regulatory framework for the
electricity sector in Singapore. This will later help to categorize the analysis of the survey results and
the expert interviews.

In recent years, the electricity sector in Singapore has been liberalised step by step by opening up
energy generation and the electricity retail business to non-state-owned companies (Government of
Singapore, 2023a). In addition, a wholesale market including spot price mechanisms has been
initialized (Government of Singapore, 2023a). This transformation process is mainly regulated by the
Electricity Act and the Gas Act and monitored and enforced by the Energy Market Authority (EMA) as
the regulatory authority, similar to the Federal Network Agency (BNetzA) in Germany. These laws set
out the legal framework for the generation, transmission, distribution, and sale of electricity and gas in
Singapore. Singapore is endeavouring to adopt best practices from abroad (Government of Singapore,
2023c). The regulatory framework for the electricity sector in Singapore is therefore characterised by
a mixture of liberalised market mechanisms and targeted government intervention (Government of
Singapore, 2023a).

Liberalisation has restructured the structure of Singapore's energy sector. Non-state-owned companies
have been integrated and new mechanisms such as wholesale electricity trading have been introduced
to prepare for future challenges such as the integration of renewable energies (Government of

Singapore, 2023a).

4.1 Structure of the electricity sector in Singapore

Singapore's energy infrastructure is defined by a complex structure of conventional energy resources
in combination with future-oriented goals (International Energy Agency (IEA), 2022). Natural gas
contributes a remarkable 95% of the country's total electricity production. In contrast, renewable
energies contribute only marginally to the overall energy matrix with less than 2 % (International
Energy Agency (IEA), 2022).

Singapore's considerable energy consumption on an individual basis is evident, especially when
analysing per capita consumption. Globally, Singapore ranks among the top countries such as Qatar,
Iceland and Bahrain in terms of per capita energy consumption. This figure exceeds both the OECD
average and the global average, emphasising the unique energy characteristics of the city-state.
Singapore has set itself the goal of realising net-zero emissions by 2050 (International Energy Agency
(IEA), 2022).

As part of regional cooperation, Singapore has synchronised its energy system with Malaysia's, making

it easier to import electricity (International Energy Agency (IEA), 2022).
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Figure 1: Chapter 4- Energy Balance (IEA 2022)

In terms of domestic energy production, Singapore's power plants generated a total of 55.8 terawatt
hours of electricity in 2021 - 91.8% were produced by main power producers, while independent
producers (industry) supplied the remaining 8.2%.

The acceleration of digitalisation and urban expansion in 2021 can be seen in the electricity
consumption trend. All sectors recorded growth, with the information and communication technology
sector leading the way with an increase of 30.7 %, (Government of Singapore, 2023c).

In financial terms, consumers experienced a burden as regulated electricity tariffs rose by 20.8 % from
2020 to 26.7 cents per kWh in Q2 2022. Residential gas tariffs followed the same trend, climbing from
17.0 cents per kWh to 20.9 cents during the same period (Government of Singapore, 2023c).

The NEA figure (National Environment Agency of Singapore (NEA), 2017) shows the distribution of

household energy consumption by appliance, based on a study conducted in 2017.
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Figure 2: NEA Overview Household Energy Consumption Profile (NEA Singapore 2017)

At 24%, air conditioning accounts for a significant percentage of energy consumption.This large share
of air conditioning, which is comparable to that of a heat pump as an energy-intensive appliance,
represents a potentially great opportunity for shifting and managing demand.

Despite all this, Singapore's progress in the field of green energy is ambitious. Between 2016 and Q1
2022, the city state registered a significant increase in grid-connected installed solar capacity from
125.0 MWp to 670.0 MWp (Government of Singapore, 2023c).

To summarise, Singapore's energy landscape embodies a balance of conventional energy resources,
regional cooperation and a progressive environmental vision.

The recent evolution of the electricity market in Singapore has seen a transformation characterised by
the licensing of multiple players and the development of consumer choices.

In Singapore's electricity market, approximately 18 entities have been granted licences to generate
electricity (Energy Market Company, 2023). This diversification of power generation sources marks a
major shift in the country's energy sector and fosters a competitive environment.

In 2018, competitive consumers were responsible for 76.3% of total electricity consumption in
Singapore. This high percentage emphasises the essential role that competitive consumers play in the
electricity market and reflects the effectiveness of market deregulation to encourage consumer
participation and choice (Wong et al., 2020).

The Open Electricity Market is another important aspect of the electricity sector in Singapore. It
represents an initiative to liberalise the retail electricity market, giving consumers more options when

choosing their electricity supplier (Government of Singapore, 2023c).



In summary, the electricity market in Singapore is characterised by a structured regulatory framework,
a robust transmission system managed by SPPA and SP PowerGrid Limited, and a dynamic market
situation with different options for competitive and non-competitive consumers. The engagement of
multiple players in the power generation and retail sectors, as well as the implementation of the Open
Electricity Market, signal a progressive move towards a more competitive and consumer-centric

electricity sector in Singapore.

4.2 Legal foundations and laws in Singapore

The following section describes the legal foundations and laws in Singapore. The relevant topics of the
Electricity Act (Chapter 89A) as the fundamental legal basis and the Energy Market Authority (EMA) as
the controlling and implementing authority are analyzed. Building on this, the legal basis for Al

applications in Singapore will be described (Electricity Act 2001, o. J.).

4.2.1 Energy Market Regulation Act and Energy Authority

The Energy Market Authority (EMA) of Singapore, which was established in 2001, plays a crucial role in
regulating the country's electricity and gas market sectors. With the aim of ensuring security of energy
supply, promoting competition and efficiency, and promoting sustainability, as in the Energy Industry
Act in Germany, the EMA operates within a comprehensive regulatory framework. This authority is
responsible for a variety of tasks, including the licensing of market participants, monitoring the market,
regulating tariffs and managing the electricity grid (Energy Market Authority (EMA), 2022).

As Singapore continues to move towards cleaner and more efficient energy solutions, EMA plays a
central role in shaping the country's energy future. Its contributions to the energy sector are broad and
include diversifying energy sources, promoting innovation, international cooperation and
implementing programmes to promote sustainability (Energy Market Authority (EMA), 2022).

The Electricity Act in Singapore is central to the regulation of the electricity industry. It aims to create
a competitive market while ensuring the reliability of electricity supply and protecting the interests of
consumers. This law regulates all aspects of the electricity market, from generation, transmission and
distribution to the end customer business (Energy Market Authority (EMA), 2022). The regulatory
bodies, which include the EMA and the SP Group, monitor the market and ensure that all market
participants fulfil certain requirements through licensing (Energy Market Authority (EMA), 2022).

The EMA sets market rules to ensure transparency and fair trading practices in the wholesale and retail
markets. In addition, the tariffs charged by licensed retailers are regulated to ensure an affordable
electricity supply for consumers. The Grid Code and the Market Code define technical and operational

standards to which market participants must adhere. The EMA monitors compliance with these
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regulations and enforces the law. In addition, the provisions of the Act include consumer protection
measures and promote the use of renewable energy and sustainability initiatives (Energy Market
Authority (EMA), 2022).

Overall, the Electricity Act, together with the work of the EMA, forms the foundation or goal for an

efficient, secure and sustainable electricity market in Singapore.

4.2.2 Legal basis for Al applications

The development of artificial intelligence is currently challenging the landscape of data protection and
putting traditional methods of data protection to the test. This transformation is likely to lead to a re-
evaluation of the effectiveness of existing data protection methods. Al makes it possible to collect and
analyse large data sets, including personal and sensitive information, leading to increased concerns
about data breaches. These concerns are particularly heightened in areas such as targeted advertising
and facial recognition, where individuals' privacy can be compromised through surveillance and
profiling (Mondaq Ltd, 2023).

A key issue in this discussion is the question of responsibility for data protection and data security in Al
systems. Equally important is the question of how to approach data privacy and security in terms of
governance, risk management and compliance regulations when developing and using Al applications.
The aim is to find a balance that promotes responsible and ethical use of Al, supports innovation and
at the same time strengthens consumer protection (Mondag Ltd, 2023).

In Singapore, the protection of personal data is governed by the Personal Data Protection Act (PDPA),
which was passed in 2012 and came into full force in 2014. The PDPA aims to regulate the collection,
use and disclosure of personal data by organisations in order to protect personal information of
individuals while enabling business activities that involve the processing of such data (Personal Data
Protection Commission (pdpc), 2023).

The PDPA provides a basic standard for the protection of personal data in Singapore and complements
sector-specific legal and regulatory frameworks. It recognises both the need to protect personal
information of individuals and the need for organisations to collect, use or disclose personal
information for legitimate and appropriate purposes. A data protection authority is necessary to
protect personal data from misuse and to maintain the trust of individuals in organisations that manage
their data. The PDPA applies to personal data in electronic and non-electronic formats (Personal Data
Protection Commission (pdpc), 2023).

In 2020, the Personal Data Protection Commission (PDPC) in Singapore published a Model Al
Governance Framework to support organisations using Al technologies. This framework is intended as
a voluntary guide for organisations working with Al technologies and aims to promote their responsible

and ethical use. Organisations using Al should be accountable for their systems and have a clear



understanding of the potential risks. They should be able to explain how their Al systems work, ensure
that their Al systems are fair and do not discriminate against individuals or groups, and consider the
ethical implications of their Al systems (Personal Data Protection Commission (pdpc), 2023).

In May 2022, the Infocomm Media Development Authority (IMDA) and the PDPC in Singapore launched
A.l. Verify - the world's first Al governance testing framework and toolkit for companies that want to
demonstrate responsible Al in an objective and verifiable way.

It is important for organisations in Singapore to be aware of and comply with the requirements of the
PDPA in order to protect individuals' personal data and maintain the trust of their customers and
clients. A breach could result in legal consequences and damage an organisation's reputation (Personal
Data Protection Commission (pdpc), 2023).

Al can and will improve data security on the other hand, with improved threat detection and faster
response capabilities. This will also bring challenges such as vulnerabilities, biases, privacy concerns

and ethical issues. Balancing these aspects is essential for effective data security.

In summary, given the changing landscape of Al privacy and security, Singapore's Model Al Governance
Framework is a valuable resource for organisations that want and need to develop and deploy Al
systems responsibly and ethically. Singapore is positioning itself as a global leader in the Al landscape,

fostering a trustworthy ecosystem where Al can be utilised for the good of society.

5. Analysis survey results: Al applications along the energy sector value

chain

This section presents the analysis of the results of the survey conducted. The focus is on various key
topics: the areas of application of Al along the value chain, strategic reasons for the use of Al in the
energy sector, challenges in the implementation of Al applications in this industry, the identification of
the Al applications with the greatest impact, the importance of various influencing factors, the decision

between in-house development or the purchase of solutions and an outlook for the future.

5.1 Strategic reasons for Al applications in the energy sector

The survey results on expectations of the benefits of artificial intelligence in Singapore's energy sector,
based on a survey of a group of experts, provides insightful findings on the perceived potential of this
technology. The ratings, based on a scale of one to five, with higher numbers indicating a greater

benefit, show a clearly positive picture of the role of Al in various key areas.
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Survey results: Benefits of Al in the energy sector
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Figure 3: Analysis Benefits of Al

Improved operational efficiency (average rating of 4.56) is the main benefit of Al seen by survey
respondents. This indicates that Al is seen as a key enabler for optimising operational processes,
improving workflows and increasing overall efficiency. The automation and smarter data processing
that Al enables can lead to significant improvements in time management and resource utilisation.
Cost savings (average rating of 4.22) are at the forefront of the expected benefits. This high rating
reflects the expectation that Al will enable significant increases in efficiency and cost reductions. The
use of Al can optimise operational processes, reduce energy consumption and minimise downtime,
resulting in significant savings.

Growth (average rating of 4.33) is another area in which Al is seen as particularly beneficial. The experts
expect Al to contribute to the development of new business models, the opening up of new markets
and the improvement of existing products and services. This expectation emphasises the potential of
Al to act as a catalyst for innovation and expansion in the energy sector.

Expectations for revenue protection (average rating of 3.78) are more moderate, but still positive. This
indicates that Al is seen as an important tool for minimising risks and securing stable revenue streams.
Through improved data analysis and customer interaction, Al can help to avoid revenue losses.

The improvement in customer service (average rating of 4.06) is also seen as a significant advantage of
Al. The experts see Al as a means of personalising interaction with customers, responding to enquiries
more quickly and making customer service more efficient overall.

The expectation that Al will increase safety and reliability (average rating of 4.00) reflects confidence
in the technology's ability to monitor and protect critical infrastructure. Through predictive
maintenance and advanced monitoring systems, Al can help prevent outages and ensure the reliability

of energy supply.
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In terms of scalability and flexibility (average rating of 4.28), energy supply companies are expected to
have to adapt quickly to changing market conditions, but Al makes it easier to scale. This high rating
emphasises the importance of Al for the dynamics of the energy market and the energy sector in
general as well the development of new business opportunities.

Real-time decision making (average rating of 4.28) is seen as another advantage of Al. The ability to
process and analyse large amounts of data quickly makes it possible to make informed decisions in real
time, which is crucial for efficiency and responsiveness in the energy sector.

Finally, the role of Al in environmental sustainability and CO2 reduction (average rating of 4.17) is is
highlighted. This score reflects the expectation that Al will contribute to reducing the environmental
footprint by enabling more efficient and sustainable operations.

The results of the survey on the expected benefits of Al applications in Singapore's energy sector reflect
the transformative potential of Al. Covering a range of aspects including operational efficiency, business
growth and sustainability, the analysis reveals a generally positive expectation towards the role of Al.
It is clear that Al not only has the potential to bring about short-term operational improvements, but
also to promote long-term strategic goals. In particular, the ability of Al to increase process efficiency,
open up new business opportunities and implement sustainable practices emphasises its potential to
bring about a fundamental transformation in the energy sector.

Nevertheless, this optimism requires sound underpinning through practical implementation strategies.
In addition, a careful evaluation of the potential uses of Al, including an assessment of potential impacts
and risks or challenges, is essential. The balance between innovation and responsible application will

be crucial for utilities to realise the full potential of Al.

5.2 Challenges of Al applications in the energy sector

The survey conducted to assess various challenges of Al applications in the energy sector reveals
important insights into the perception and assessment of these technologies among experts and
decision-makers. The survey results, based on a scale of 1 to 5, reflect a differentiated assessment of
the risks and challenges associated with the introduction and use of artificial intelligence in the energy

sector.
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Survey results: Challenges of Al in the energy sector
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Figure 4: Analysis Challenges of Al

Integration with existing systems was rated as the biggest challenge, with an average score of 4.06. This
high score indicates the complex technical and organisational challenges that can arise when
integrating Al-based solutions into existing infrastructures and system landscapes. This challenge is
particularly relevant in a sector such as the energy sector, which is often characterised by long
investment cycles and highly regulated operating conditions. The high rating could also emphasise the
importance of ensuring system compatibility and the need to develop interfaces and standards to
enable efficient integration.

Data protection as well as security and high initial costs follow closely behind with an average rating of
3.89. These ratings reflect concerns about the security and protection of sensitive data in Al
applications, an aspect that is particularly important in a technology-intensive and data-driven sector
such as the energy sector. High initial costs indicate financial hurdles that companies have to overcome
when introducing Al technologies. This can be a significant barrier, especially for smaller companies or
organisations with limited resources. This is where best practices need to be adopted.

The challenge of regulatory and compliance concerns, with an average score of 3.83, emphasises the
importance of compliance with legal regulations and standards. This reflects the dynamic and
constantly evolving regulatory landscape in which Al applications operate in the energy sector, which
is well illustrated by the example of EU Al regulation (European Union, 2023). Adapting to changing
regulations and ensuring compliance can and will be a significant challenge for companies.

Finally, the assessment of the lack of technical expertise (average score 3.78) shows the need for
qualified professionals who are able to effectively implement and utilise Al technologies. This highlights

the need for education and training programmes to promote the expertise and skills required for the
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successful application of Al in the energy sector. Singapore excels in this aspect and can therefore set
itself apart from other countries (German Accelerator Singapore, 2023).

The relatively high standard deviations for all challenges indicate a broad spread of opinions among the
respondents. This could indicate different backgrounds, levels of knowledge and perspectives within
the expert group. This diversity in opinions is valuable as it reflects a wide range of views and concerns
that need to be taken into account when developing strategies and solutions to overcome these

challenges.

The overall analysis of the survey results on the challenges of artificial intelligence in the energy sector,
paints a remarkable picture: despite the challenges identified, the benefits of Al applications were rated
significantly higher by the experts and decision-makers surveyed in the energy sector. This observation
provides a substantial basis for the hypothesis that Al technologies will have a transformative and
positive impact on energy supply companies, if this is not already the case in the first instance.

The lower rating of the challenges compared to the benefits indicates a predominantly positive
perception of Al in the energy sector.

The findings point to the need for utilities to actively drive the implementation of Al technologies, with
the identified challenges serving as guiding factors for an adapted and responsible adoption.
Challenges such as integration into existing systems, data protection, high initial costs, regulatory
requirements and lack of expertise should be considered and addressed as critical areas of attention
and investment.

In summary, the survey results show that, despite recognisable challenges, confidence in the positive
impact of Al in the energy sector is strong. This trust reflects a fundamental willingness to view Al as a

key technology for innovation and progress in the field of energy supply.

5.3 Which Al applications have the greatest impact

In this section of the survey analysis, the focus is put on a detailed examination and reflection of the
impact of artificial intelligence in the energy sector. The perceptions of various aspects of Al
applications are analysed, with a particular focus on the social, operational, economic and ecological

dimensions.
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14 Survey results: Biggest Impact
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Figure 5: Analysis Biggest Impacts Al

In terms of social impact, the survey results in Figure 5 showed that "integration of renewable energies"
was the most frequently mentioned response with five mentions, followed by "energy demand
forecast" with four and "energy efficiency" with three mentions. These responses illustrate a strong
interest among the experts surveyed in the integration of renewable energy sources and the precise
forecasting of energy demand. These factors are seen as key drivers of social change in the energy
sector and emphasise the relevance of a sustainable energy supply and efficient energy use.

In terms of operational impact, "Predictive Maintenance for Equipment and Machinery" was chosen
most frequently with four mentions. This was closely followed by "Supply Chain Optimisation" and
"Energy Demand Forecasting", each with three mentions. These results highlight the importance of Al
for predicting maintenance requirements and optimising supply chains. These aspects are crucial for
efficient operations management in the energy sector and illustrate how Al can contribute to increasing
operational efficiency. A detailed investigation should be carried out in subsequent studies.

In the area of economic impact, "Real-time Pricing Models" led the way with eight mentions, which
empbhasises the role of Al in designing dynamic and effective economic models in the energy sector.
"Predictive Maintenance for Equipment and Machinery" also received three mentions in this category,
confirming its importance from an economic perspective.

In terms of environmental impact, "Renewable Energy Integration" and "Energy Efficiency" were
mentioned most frequently, with six and five mentions respectively. These results reflect the experts'
expectations that Al applications can make a substantial contribution to improving environmental
sustainability in the energy sector. They emphasise the importance of Al in promoting sustainable

energy production and efficient energy consumption.
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As can be seen in Figure 5, the topics "integration of renewable energies" (13 mentions) and "energy
efficiency" (10 mentions) were mentioned most frequently. This underlines the great importance
attached to these areas in terms of their social, operational, economic and environmental impact.
"Energy demand forecasting" (9 mentions) and "real-time pricing models" (8 mentions) follow in
importance and underline the role of Al in predicting and adapting to changing energy systems and
market dynamics.

"Predictive Maintenance for Equipment and Machinery" (7 mentions) shows the importance of Al in
maintenance and servicing, which is crucial for operational efficiency and cost savings in the energy
sector.

The analysis of the survey results clearly shows that experts in the energy sector in Singapore see Al as
one of the key potential factors for the transformation and sustainable development of the sector. The
integration of renewable energies and the increase in energy efficiency are particularly emphasised.
These areas are not only seen as essential for reducing environmental impacts, but also as key to
increasing operational and economic efficiency.

The results reflect a broad awareness of the potential of Al in various aspects of the energy sector. They
provide valuable insights for decision-makers and politicians to develop targeted strategies for the
promotion and implementation of Al in the energy sector. The technological possibilities as well as the
social, economic and environmental impacts should be taken into account.

For countries such as Germany and decision-makers, these findings offer important pointers for
pursuing similar approaches and learning from the experiences in Singapore. The promotion of Al in
the energy sector could thus make a significant contribution to achieving global sustainability goals and

overcoming the challenges associated with the energy transition.

5.4 Significance of influencing factors

In relation to the survey data provided in the appendix, this part of the study focuses on a detailed and
specific analysis of key factors that are considered relevant for the application and development of
artificial intelligence in the energy sector.

The survey data provide valuable insights into the evaluation of various factors that are essential for Al
in the energy sector and which are incorporated into the decision-making process of a utility company.
These include the assessment of budgeting, strategic importance, internal expertise, long-term vision
and the scalability of Al technologies. Analysing this data makes it possible to draw a detailed picture
of which aspects are considered particularly important by experts in the energy sector and which
challenges and opportunities they are seen in relation to the implementation and successful use of Al

solutions.
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Survey results: Average of Importance of factors
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Figure 6: Analysis 1 Importance of Factors

These perspectives offer a potential basis for further analyses and can serve as an important guide for

future decisions and strategies in the field of Al applications in the energy sector.
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Figure 7: Analysis 2 Importance of Factors

The descriptive statistics of the survey results show that all factors "Budget", "Strategic Importance",
"In-House Expertise", "Long-Term Vision" and "Scalability" scored consistently high average values,
indicating a general recognition of their importance for the successful implementation and
development of Al technologies in the energy sector. The factor "budget" received the highest score

with an average of 4.71 (with a maximum score of 5), reflecting the opinion that sufficient financial
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resources are crucial for the success of Al projects. The relatively low standard deviation of 0.57 for this
factor indicates broad agreement among the respondents.

'Strategic importance' and 'Long-term vision' also received high average scores of 4.35 and 4.29
respectively, emphasising the belief that a clear strategic direction and visionary long-term planning
are key elements for the success of Al initiatives in the energy sector. These factors were also rated
with low standard deviations, indicating a general consensus.

Interestingly, the area of "in-house expertise" showed a slightly wider spread of ratings with a higher
standard deviation of 1.02. This could indicate different experiences and assessments of the existing
internal expertise in the respective organisations. The high importance placed on internal expertise
suggests that the ability to effectively utilise and integrate Al technologies is seen as critical to success.
Pursuing artificial intelligence as a stand-alone goal is not desirable.

The 'scalability' of Al applications was also considered important, underlined by an average score of
4.29. This reflects the opinion that the ability to scale Al solutions efficiently is critical to their wider
application in the energy sector.

Overall, the findings suggest that experts in energy and Al in Singapore believe that financial resources,
strategic planning, in-house expertise, a long-term vision and scalability are essential factors for the
successful application and development of Al in the energy sector. These findings could have important
implications for the future design of Al strategies in the energy sector, both in Singapore and in other
countries such as Germany, by highlighting the key factors that decision-makers should focus on to fully

realise the potential of Al.

5.5 Build or Buy

The core question of this part of the survey, "How should an organisation in the energy sector generally
approach Al solutions at present?", was strategically formulated to gain insight into the preferred
approach to implementing Al solutions. The three response options - "Primarily build in-house", "Buy
from external providers" and "Combination" - reflected the common strategies that organisations may

pursue.
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Survey results: Build or Buy
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Figure 8: Analysis Build or Buy of Al

The results indicate that a clear majority of professionals in the energy sector favour a mixed approach,
using both internal resources and make use of external solutions. This preference could indicate a
perception that a combined strategy allows for flexible and efficient utilisation of the strengths of both
approaches. It may also reflect the complexity and diverse requirements in the energy sector that force
the need of a balanced approach.

Interestingly, only a minority of the participants (approx. 12%) chose the "Buy from external providers"
option. This may indicate a reluctance to rely entirely on external providers, possibly due to concerns
about cost, control, customisation or security.

It is noteworthy that the "Primarily build in-house" option was not selected at all. This could indicate
that a purely in-house build of Al solutions in the energy sector is seen as less feasible or desirable. It
is possible that this reflects the realisation that in-house development alone is a challenge given the
rapid technological developments and specialised knowledge required in the field of Al.

To summarise, the results of the survey show a clear preference for a combined approach to Al
solutions in the energy sector. This finding is important for decision makers and strategists in the energy
sector as it points to the need to effectively utilise both internal and external resources to optimally
address the challenges and opportunities that Al offers. The findings could also serve as a basis for
further research to explore in detail the specific reasons for this preference, as well as the potential

advantages and disadvantages of the different approaches.
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5.6 Future Outlook

The survey, which concluded the comprehensive study to assess the relevance of artificial intelligence
in the energy sector, aimed to obtain a general assessment of the importance of Al technologies in the

energy sector in Singapore.

Survey results: Importance of Al in general
10

Figure 9: Analysis of Al in general

The evaluation of the data collected, based on the assessments of 17 participants, results in a mean
value of 8.0 on a scale of 1 to 10. This high average value indicates a strong conviction that Al
applications play a central role in the energy sector in Singapore. The standard deviation of 1.24
indicates a moderate spread in the ratings, which points to relative consistency in the opinions of the
respondents. The median of 8.0 confirms the interpretation that the majority of participants rate the
importance of Al in the energy sector as high.

The concentration of ratings at the higher end of the scale emphasises the expectation that Al
applications are not only considered important, but that they are increasingly seen as a potential
integral part of the energy sector.

The interpretation of these results in the context of the energy sector in Singapore shows that there is
a broad recognition of the potential of Al applications. These findings are particularly relevant as they
come from a selective group of professionals and experts who were recruited for the survey through
initial personal interaction at trade fairs, workshops and events.

The high rating of the importance of Al in the energy sector could have various implications. On the

one hand, it indicates a growing awareness and increasing acceptance of Al applications in this sector.
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Secondly, it could be an indicator that future investments and research efforts will increasingly be
directed towards Al applications in the energy sector, if this is not already the case for large energy

supply companies and research institutions in Germany.

In conclusion, it can be said that the results of the survey not only reflect the current assessment of
the importance of Al in the energy sector in Singapore, but can also point the way for future
developments and strategies. The transferability of these findings to other countries, such as Germany,
also offers the opportunity to make international comparisons and recognise global trends in the

application and perception of Al in the energy sector.
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6. Trends

This trend section provides an overview of Al applications that emerged as significant topics to consider
in the survey results from Chapter 5. It analyses the themes of cybersecurity, decentralized energy
resource management, and no-code Al. These trends were discovered at events and energy exhibitions
in Singapore. Further qualitative interviews were conducted to examine these three trends in more
detail.

The cybersecurity section covers the balance between accessibility and security in Al systems, the
importance of a comprehensive approach to cybersecurity and the emergence of Zero Trust
Architecture. In the area of distributed energy resource management, the focus is on the
transformative impact of distributed energy resource management systems (DERMS) developed by
NTU, which improve grid stability and optimize energy use. The final section looks at the rise of non-
code Al platforms that are democratizing Al development and enabling broader, more efficient
applications in sectors such as energy, highlighting significant advances and challenges in these evolving

fields.

6.1 Cyber Security and Al applications

In the digital age, the interplay between Artificial Intelligence (Al) and cybersecurity is becoming
increasingly critical. Insights from an interview (Interview A, 2023) and observations from the GovWare
2023 Convention in Singapore provide a comprehensive conclusion of the challenges and trends in this
domain.

Data security, as Interview A (2023) emphasized, is the foundation of trust in Al systems. The sanctity
of user data, particularly sensitive information, is paramount. Al applications must balance user-
friendliness with robust data security measures, a balance that is not just a technical requirement but
a fundamental aspect that drives user adoption and trust. However, it's crucial to recognize that the
weakest link in data security often stems from human factors—be it negligence, error, or malicious
intent. This realization shifts the focus towards comprehensive cybersecurity education and awareness
at all organizational levels and underscores the need for regular board-level discussions on security
concerns, advocating a top-down approach in strengthening cybersecurity measures.

The need for government intervention in regulating Al data security highlights the necessity for
standardized approaches akin to those for other critical services. Such intervention can establish
benchmarks and guidelines, ensuring a unified stance against cybersecurity threats and facilitating a
balanced approach to data transmission and storage, crucial for maintaining the integrity and

confidentiality of sensitive information.
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The GovWare 2023 Convention ! spotlighted several pivotal trends and challenges, such as the
paradigm shift towards Zero Trust Architecture, emphasizing “never trust, always verify”, and signaling
a move towards more stringent access controls and verification processes. The emphasis on Cyber Risk
Resilience and Management underscores the need for a comprehensive approach to cybersecurity that
includes technological solutions and organizational strategies. The challenge of recruiting and retaining
cybersecurity experts highlights a significant gap in the talent pipeline, stressing the need for enhanced
educational programs and career pathways in cybersecurity. The focus on data classification and
protection and attack surface assessments and insider threat management reflects an
acknowledgment of the evolving nature of cyber threats and the need for proactive threat
identification and management.

Moreover, discussions at GovWare shed light on the multifaceted challenges faced by organizations,
categorized as unfocused, underfunded, and neglected aspects of cybersecurity. These challenges
highlight systemic issues such as inadequate cybersecurity investment, limited technology and policy
implementation, and unresolved cybersecurity audit findings, all contributing to a precarious
cybersecurity posture.

The discourse surrounding Al and cybersecurity underscores several key takeaways, including the
paramount importance of data security in Al applications, the need for a Zero Trust architecture, the
adoption of a risk management mindset, and the necessity of board-level engagement and visibility in
cybersecurity matters.

In conclusion, the relationship between Al and cybersecurity is complex and dynamic, requiring a
comprehensive approach that includes technical innovation, consideration of human factors,
regulatory oversight, and a proactive stance on emerging trends and challenges. Insights from
Interview A (2023) and deliberations at GovWare 2023 provide a roadmap/overview for navigating this
intricate landscape, emphasizing the need for concerted efforts from all stakeholders to strengthen the

foundations of data security and create a secure and trustworthy digital ecosystem.

6.2 Distributed Energy Resource Management System for Energy Grids

Tanmay Kumar Pradhan from Energy Research Institute @ NTU (ERI@N) elaborates on the disruptive
transformation of the electricity grid landscape, highlighting the integration of renewable energy,
electric vehicles (EVs), utility-level energy storage, and demand-side management. This evolution
introduces bidirectional electricity flows, diverging from the traditional one-way grid structure. The
widespread adoption of Distributed Energy Resources (DERs) presents challenges such as network

congestion, resilience issues, and voltage irregularities. To address these, NTU developed a DER

1 Cf. GovWare 2023: Keynote presentation, 17.10.2023, see appendix
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Management System (DERMS), aimed at harnessing the flexibility of DERs like EV chargers to maintain
grid stability (Kumar Pradhan, 2024).

The DERMS platform, conceptualized by Nanyang Technological University (NTU), is engineered to
preserve grid reliability and stability amidst the extensive deployment of DERs by exploiting the
inherent flexibility of these resources, such as adjusting the demand from EV chargers.

NTU's DERMS platform distinguishes itself with a novel approach, integrating both decentralized and
centralized architectures, thereby effectively managing the demand-side flexibility of DERs. The
platform's innovation is anchored in three key areas (Kumar Pradhan, 2024):

Probabilistic Forecasting: Employing advanced Deep Neural Network-based algorithms, this feature
adeptly manages the stochastic nature of Photovoltaics (PV) and EVs in forecasting, significantly
enhancing operational decision-making processes.

Stochastic Optimisation: Recognizing the time-sensitive aspect of DER flexibility, this mechanism
optimizes the utilization of DERs and operational expenditure (OPEX) by making informed decisions
based on the anticipated events within the forthcoming 24 hours.

Distributed Architecture: This facet incorporates Coordinated Distributed Optimisation based on
Multi-Agent Systems, ensuring scalability. Additionally, edge control offers prompt responses at
substations, ensuring a high level of privacy and data security.

Beyond ensuring grid stability, DERMS also presents an economic advantage by deferring significant
capital expenditures typically associated with extensive grid reinforcement to accommodate DER
integration. This initiative is part of the Distributed Energy Resource Management Systems (DERMS)
for Energy Grid 2.0 project, supported by the Republic of Singapore’s National Research Foundation
(NRF), and is situated within the Energy Research Institute at NTU.

A Distributed Energy Resource Management System also offers a spectrum of benefits and
considerations (Kumar Pradhan, 2024):

Grid Resilience: By facilitating decentralized energy generation and storage resources, DERMS
enhances the resilience of the power grid, reducing vulnerability to centralized failures and bolstering
its capability to withstand disruptions.

Integration of Renewables and EVs: As the proportion of renewable energy sources and EV chargers
escalates, DERMS effectively manages the intermittency and variability associated with these
resources, ensuring coordinated distribution to meet demand and preserve grid stability.

Energy Efficiency: DERMS optimizes energy usage by intelligently coordinating and controlling
distributed energy resources, including demand-side participation, resulting in heightened energy

efficiency and minimized waste.
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Grid Flexibility: DERMS introduces enhanced flexibility in grid operations, allowing near real-time
monitoring and control of distributed assets, and enabling dynamic adjustments to harmonize supply
with demand.

Customer Empowerment: DERMS empowers consumers by enabling active participation in energy
markets, autonomous management of energy consumption, and contribution of excess energy back to
the grid, benefiting both the utility grid and the consumers through incentives or other means.
However, the implementation of DERMS is accompanied by challenges that need addressing, including
technical, regulatory, and market concerns. Interoperability, data security, regulatory frameworks, field
testing, and the demonstration of DERMS solutions in brownfield scenarios are significant challenges.
Moreover, the lack of regulatory framework and studies on socio-economic behavior pose hurdles in
implementing a flexibility payment model for DER participants. Regulations and trading schemes in the
electricity market also contribute to the complexity of fully utilizing DERMS (Kumar Pradhan, 2024).
Pradhan (2023) argues that the integration of artificial intelligence (Al) and machine learning (ML) into
DERMS is seen as a transformative and indispensable advance. Al acts as a catalyst, unlocking the full
potential of distributed energy resources and revolutionizing energy infrastructure management,
optimization, and interaction. Improved situational awareness, a critical factor in preventing system
blackouts and managing complex grids, is a significant benefit of Al integration. However, it's essential
to recognize Al/ML limitations and carefully identify applicable use cases, especially in managing the

electric grid, a vital national infrastructure.

Pradhan (2023) gives an outlook on the future: "The prospects for Al in DERMS are promising. The
continuous development of Al technologies, such as improved algorithms, enhanced computing
capabilities and greater integration with the Internet of Things (loT), should further increase the
capabilities of DERMS. The future is set to witness more sophisticated predictive analytics, autonomous
decision-making, and seamless integration of diverse energy resources. In conclusion, the infusion of
Al into DERMS marks a significant leap forward in the evolution of energy systems. This synergy
between Al and distributed energy resources not only optimizes operational efficiency but also
significantly contributes to the sustainability and resilience of the energy infrastructure. Embracing
these technological advancements is pivotal for navigating the complexities of the ever-evolving energy

landscape.

6.3 No Code Al an the meaning for the energy sector

The emergence of no-code artificial intelligence (Al) represents a significant trend in Al development,
particularly in the energy sector (Kaher, 2024). As Kaher (2023) explains, No-code Al overcomes the

traditional programming barriers and enables a more inclusive and faster approach to Al development
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and deployment. This democratization of Al technology allows non-technical individuals or companies
such as energy providers to participate in the development of complex Al models, significantly reducing
the time and resources traditionally associated with Al development (Kaher, 2024).

How it works:

Jiva.ai's no-code Al platform provides a variety of data science tools in the form of nodes that users can
select for their Al pipelines (or that the platform can recommend for you). Users can select API nodes
that connect them to various software to retrieve the data, and then select nodes to clean and manage
the data before feeding it into a variety of Al techniques (Kaher, 2024).

In the context of the energy sector, the implications of no-code Al are potentially profound and multi-
faceted. One of the potential applications is predictive maintenance. Using Al algorithms, no-code Al
platforms can analyze extensive data sets from sensors and equipment and predict potential failures
or maintenance needs quickly and accurately.

No-code Al platform encapsulates a wealth of data science tools in an intuitive, node-based format.
Users can select or be recommended specific nodes to build their Al pipelines, ranging from APl nodes
for data querying to nodes for data cleansing and management, culminating in the application of
various Al techniques.

The future of Al in general and no-code Al in the energy sector is further enriched by the emergence
of multimodal Al, which startups such as Jiva.ai specialize in. Multimodal Al embodies the convergence
of related data verticals to enable more accurate predictions in complicated systems. In the energy
sector, for example, this means integrating different data sources, including weather, demand, carbon
dioxide production, pollution and pricing. This integrated approach allows for more holistic and
informed management of different energy sources and improves the efficiency, sustainability and
resilience of the sector.

In summary, the rise of no-code Al, as developed by Jiva.ai, holds great potential for the energy sector.

It democratizes Al applications and makes them accessible and fit for purpose.

7. Applicability & transferability to Germany

In Germany, the integration of Al-applications and cybersecurity should play a central role, with a
particular focus on ensuring data security as the core of trust in Al systems (Interview A, 2023). The
challenge is to find a balance between user-friendliness and robust security measures, while not
ignoring the human factor, which often leads to security vulnerabilities. This emphasizes the need for
comprehensive cybersecurity education and increased awareness at all organizational levels. The role
of government regulation should not be underestimated in this context, as it is crucial for setting
standards in Al data security to ensure consistent safeguards against cyber threats and ensure the

integrity of sensitive data (Interview A, 2023). The energy industry should have a strong commitment
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to trends such as Zero Trust Architecture and places great emphasis on cyber risk resilience and
management, highlighting the need for a comprehensive approach that integrates both technological
solutions and organizational strategies (Interview A, 2023).

In addition, a Distributed Energy Resource Management System (DERMS), as described by Pradhan
(2023), appears to be quite applicable and promising for the German context. The implementation of
a DERMS in Germany would require careful consideration of the specific regulatory framework, with
particular emphasis on data protection and interoperability. Taking these specific conditions into
account, a DERMS could offer significant benefits for the integration of renewable energy and electric
vehicles (EVs), improve grid stability and contribute to the efficiency and cost-effectiveness of the
German energy supply system.

Similarly, no-code Al also holds enormous potential for the German market, with few barriers. This
technology makes it possible to develop and deploy Al models quickly and efficiently without the need
for extensive knowledge of programming or data science. This approach could be a game changer,
especially in the German energy sector, which is characterized by rapid adaptation and integration of
new technologies. The ability to use Al solutions without in-depth technical knowledge could
accelerate the development and implementation of innovative solutions and further drive the
efficiency and cost-effectiveness of energy supply in Germany (Kaher, 2024).

The results of the survey suggest that the findings from Singapore are not only relevant, but also
directly transferable to the German energy sector, which provides the basis for further studies and
evaluations.

In particular, the integration of renewable energies and the increase in energy efficiency are
highlighted. These areas are essential in order to reduce ecological impact and at the same time
increase operational and economic efficiency.

Furthermore, the survey shows that in Singapore, Al applications will be built through a combination
of build and buy strategies. The adaptability of these build and buy strategies enables specific
challenges and opportunities within the German context to be addressed in a targeted way.

The high evaluation of the general importance of Al applications in the energy sector by the participants
from Singapore underlines the expectation that Al will and must play a fundamental role in the future
development of the sector. This attitude and the resulting investments will have to establish themselves
in Germany, although with atime delay. The time delay is justified by the assumption that Singapore is
considered a pioneer in the field of Al. This perspective emphasizes the timely need for German energy
supply companies to increase both strategic planning and investment in Al applications in order to

avoid being left behind.
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In summary, the complex relationship between Al and cybersecurity in Germany requires a holistic
approach that combines technical innovation, human factors, regulatory requirements and proactive
strategies. The implementation of a DERMS and the use of no-code Al platforms could bring significant
benefits for Germany in this context. And last but not least the results of the survey from Singapore are
generally applicable to the German energy sector and offer valuable insights for its future direction and
development. The findings underline the importance of Al as a transformative force in the energy
sector and serve as an impulse for further studies to evaluate the specific potential and challenges for

the implementation of Al in the German energy sector in greater depth.
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8. Recommendations for action

Titel der MaBnahme Umzusetzender Akteur

Making energy supply | Management level of the
companies fit for Al energy supply companies

Implementing of
Distributed Energy Management level of the
Resource Management Grid Operators
System

Table 1: Recommendations for action

Zeithorizont der
Umsetzung

short-term

mid-term

Inhalt der MaBnahme

To optimize the implementation and application of Artificial Intelligence (Al) in the
energy sector, it is recommended that organizational management focuses on enhancing
the competencies of the workforce comprehensively. This can be achieved by fostering a
data-driven perspective on processes and applications among employees. The
development of specialized Al professionals, including Data Engineers and Data
Scientists, is crucial. Additionally, it's essential to train and deploy personnel who
operate at the interface between Al and the energy sector, ensuring a synergistic
integration of expertise.

A fundamental prerequisite for these initiatives is the establishment of an organizational
culture that is actively supported by corporate management. This culture should
prioritize innovation, allowing for the exploration and adoption of new methodologies
and approaches in a supportive environment.

To enhance the stability, efficiency, and resilience of the electricity grid through the
implementation of an advanced Distributed Energy Resource Management System
(DERMS) with leveraging artificial intelligence (Al) and machine learning (ML)
technologies.
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Appendix

Interview with Linda about Al in the energy sector

16.10.2023, Singapore

Interview A

Is Al a real future topic or just a hot topic right now?

o “Thisis a real thing”

o Alis not a passing fad but a transformative technology that is already impacting

various industries and aspects of our daily lives (e.g. ChatGPT)
e “Itis important to address it to government”

o The widespread adoption of Al raises important ethical, legal, and regulatory
guestions. Government intervention and oversight are essential to ensure that Al is
developed and used responsibly, ethically, and for the benefit of society as a whole.

e “We still need the human”

o Al can perform many tasks with remarkable precision, but it is a tool created and
controlled by humans

o “The person which use Al will take your job not Al”

= The fear that Al will completely replace human jobs is a common concern.
However, it's often the way Al is deployed and integrated by individuals and
organizations that determines its impact on employment. Al can augment
human productivity and create new opportunities as much as it may disrupt
existing roles.

Is data security a big topic which lowers the expectation of Ai application?

Data security is an extremely important aspect of Al applications. It not only affects the trust users
place in Al systems but also has significant implications for the companies that develop and deploy

these technologies.

e “Extreme important topic when we talk about Al”

o Data security is paramount when it comes to Al applications. Users need to trust that
their data is handled responsibly and securely, especially in applications that involve
sensitive information.

e “Balancing User-Friendliness and Security”

o Finding the right balance between making Al applications user-friendly and ensuring
data security is a challenging task. Striking this balance is crucial to encourage user
adoption while safeguarding data

e Government Involvement: “Government need to step in”

o Just as governments regulate other critical services like water, there's a growing need
for governments to step in and regulate data security in Al applications. This can
establish standards and guidelines for companies to follow.

e “Find the balance between Data Transmission and Storage”

o Companies must carefully balance the need to transmit data for Al processing and

the imperative to securely store sensitive data
e “Itis important to address cyber security on board-level”
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o Data security should be a regular topic of discussion at the board level. Ensuring that
security concerns are understood and addressed at the highest levels of the
organization is essential.

e Human Weakness

o “Often, the weakest link in data security is not the Al itself but the human factor.”

Human errors, negligence, or malicious intent can compromise data security.

Should an energy company build their own Al system or buy it from external provider? Is here data

security issues or any else a topic?

e The decision of whether an energy company should build its own Al system or acquire one
from an external provider is a complex one and depends on various factors
o “In the end it depends on many factors”
o “There are many startups that build it for a business”
o The decision between building an Al system or buying from an external provider for
an energy company is a multifaceted one. Data security, cost, flexibility, and
scalability are key considerations, and each option has its advantages and challenges.

Do you have any advice for Germany (policy makers; organization)

e “Singapore is like a startup”

o Singapore's approach to policymaking and organization resembles that of a dynamic
startup. The government operates with agility, constantly iterating and adapting to
changing circumstances. This flexibility has enabled Singapore to respond swiftly to
emerging opportunities and challenges.

e Quickly handling

o One of the most crucial aspects of Singapore's success is its ability to handle issues

and opportunities with speed and efficiency.
e “Singapore has the willingness”

o Singapore's willingness to embrace change and experiment with novel policies is
commendable.

e “Singapore government turns key issues and trends into policy interest”

o InSingapore, the government actively participates in key areas deemed important for
national growth. Germany can take inspiration from this approach by strategically
involving the government in sectors that are pivotal for innovation, such as
technology, renewable energy, and sustainable transportation.

o “They promote innovation”

o Innovation should be at the forefront of Germany's policy agenda. Encouraging
research and development, supporting startups and small businesses, and fostering
collaboration between academia, industry, and government are all crucial steps to
promote innovation and economic growth

Why is Singapore “the place to be” when it is about the topic Al?

“Mini Silicon Valley”

o Singapore has rapidly transformed itself into a thriving hub for Al, often likened to a
mini Silicon Valley. It boasts a burgeoning ecosystem of startups, research
institutions, and multinational tech companies, all actively engaged in Al research
and development. The presence of venture capital firms and angel investors further
fuels this innovation, creating an environment ripe for Al-driven entrepreneurship.
This concentration of Al talent and resources has made Singapore a hotspot for those
passionate about the field.
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“Singapore is unique”

O

It offers a diverse and multicultural population, facilitating the testing and adaptation
of Al technologies across different demographic groups. Its world-class infrastructure
and connectivity, combined with its business-friendly regulations, make it an
attractive destination for tech companies and Al researchers. The stability of the
government and a commitment to innovation contribute to Singapore's allure,
ensuring a supportive environment for Al initiatives.

“Singapore as a template”

O

Its journey showcases the importance of a strategic vision for Al development,
investment in education and research, and collaboration between the government,
industry, and academia. Singapore's Al policies and initiatives are closely watched by
countries worldwide, with many seeking to replicate its success in building a thriving
Al ecosystem
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Onepager Overview: Distributed Energy Resource Management System

Distributed Energy Resource Management System (DERMS)
for Energy Grid 2.0

Project hosted by:
Energy Research Institute @ NTU (ERI@N),
Nanyang Technological University (NTU),
1 Cleantech Loop, Singapore 637141

Project PI: Prof Dong Zhao Yang
Project contact: Prof Dong Zhao Yang <zy.dong@ntu.edu.sg>, Tanmay Kumar Pradhan

<pradhan.kumar@ntu.edu.sg>

Overview:

In its drive for sustainability, the grid landscape is being disrupted by renewable integration, electric
vehicles, utility-level energy storage, and demand-side management. The electricity grid, which was
originally designed to carry electricity one way will see more bidirectional flows with the increase in
distributed generation and active connections to the grid. Large deployment of these Distributed
Energy Resources or DERs potentially pose challenges in future such as impact resiliency & congestion
in the network, undesired voltage profile, back-feed power etc. In order to address these challenges
and realise DER opportunities, there is a need for a DER Management System or DERMS.

The purpose of DERMS platform is to maintain grid reliability and stability in the face of a large
deployment of DERs by harnessing the flexibility of DERs such as decreasing demand from EV chargers.
The NTU (Nanyang Technological University) DERMS platform follows a unique coordinated
decentralised and centralised architecture that can manage the demand side flexibility of the DERs.
The key innovation areas are:

e Probabilistic Forecast: Deep Neural Network based algorithms that can handle the
stochasticity of PV, EV in forecasting and thereby improving the operational decision-making.

e Stochastic Optimisation: DER flexibility is time dependent and decision needs to be taken
considering events in the coming 24 hours. It optimises utilisation of DERs, optimises OPEX.

o Distributed architecture: Coordinated distributed optimisation based on Multi-Agent Systems
provides high scalability and edge control provides more real-time response at substations
while facilitating high level of privacy and data security.
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Apart from grid stability, DERMS offer CAPEX deferral of heavy grid-reinforcement investment to
support DER on boarding.

This research is supported by the Republic of Singapore’s National Research Foundation (NRF) through
Distributed Energy Resource Management Systems (DERMS) for Energy Grid 2.0 project at Energy
Research Institute @ Nanyang Technological University, Singapore.

The ensemble of works within the project is expected to help in understanding and realising the Energy
Grid 2.0 of Singapore, especially considering Singapore’s green plans for 2GWp of solar by Y2030,
greater than 200 MW of energy storage systems beyond Y2025 and 60,000 EV charging points by
Y2030.

Benefits and Challenges:

Here are some potential advantages and considerations for DERMS:

Grid Resilience: DERMS can enhance the resilience of the power grid through decentralised
energy generation and storage resources. This makes the grid less vulnerable to centralized
failures and improves its ability to withstand disruptions.

Integration of Renewables and EV: As the share of renewable energy sources like solar and EV
chargers increase, DERMS can help to manage the intermittency and variability associated with
them. It enables better coordination of distributed resources to meet demand and maintain
grid stability.

Energy Efficiency: DERMS can optimize energy usage by intelligently coordinating and
controlling the distributed energy resources including demand side participation. This result in
increased energy efficiency and reduced energy wastage.

Grid Flexibility: DERMS enables greater flexibility in grid operations. It allows for near real-
time monitoring and control of distributed assets, facilitating dynamic adjustments to balance
supply with demand and maintain grid stability.

Customer Empowerment: DERMS can empower consumers by allowing them to actively
participate in energy markets, manage their own energy consumption, and contribute excess
energy back to the grid which not only helps the utility grid but also gets benefit in terms of
incentives or in other form.

Challenges:

Implementing DERMS involves addressing technical, regulatory, and market challenges.
Interoperability, data security, and regulatory frameworks are crucial considerations in
deploying effective DERMS solutions. Field test and demonstration of DERMS solution is a

challenge given the brown field scenario for most utilities. In the absence of regulatory
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framework and study on socio-economic behaviour, implementing a flexibility payment model
for DER participants is still under investigation. Electricity market regulations and schemes of
trading contribute to another important challenge for wider utilisation of DERMS never-the-
less it can serve as a tool for market operators to shape the market rules for social benefit

maximisation.
Opinion and Outlook:

The integration of Artificial Intelligence (Al)/Machine Learning (ML) into DERMS emerges as
a transformative and indispensable tool. Our opinion from Energy Research Institute is
strongly positive, viewing Al as a catalyst for unlocking the full potential of distributed energy
resources and revolutionizing the way we manage, optimize, and interact with our energy
infrastructure. Al enables better situational awareness which have been recognised as the
most significant factor leading to system blackout and other system contingencies due to
limited knowledge of the ever increasingly complex grids. While there are lot of promises from
AI/ML, it is important to realise the limitations of Al/ML and identify the use cases carefully
where it can be applied, especially in managing the electric grid, which is the backbone and
critical infrastructure of a nation.

Future Outlook:

Looking ahead, the outlook for Al in DERMS is promising. Continuous advancements in Al
technologies, including improved algorithms, enhanced computing capabilities, and greater
integration with the Internet of Things (loT), will further elevate the capabilities of DERMS. The
future holds the potential for even more sophisticated predictive analytics, autonomous
decision-making, and seamless integration of diverse energy resources.

In conclusion, the incorporation of Al into DERMS represents a crucial step forward in the
evolution of the energy systems. The synergy between Al and distributed energy resources not
only optimizes operational efficiency but also contributes significantly to the sustainability and
resilience of the energy infrastructure. Embracing these technological advancements is

essential for navigating the complexities of our ever-evolving energy landscape.
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Onepager Overview: No-Code Al

Topic: No Code Al and the Importance for the Energy Sector

Interview partner: Chetan Kaher (Chief Innovation Officer at jiva.ai Limited)

No-Code Al refers to the development and deployment of artificial intelligence (Al) solutions without
the need for traditional programming. It enables non-technical individuals to build Al models and as
such democratises access to Al. Other benefits include the speed of Al development by not having to

go through traditional coding methods.

In the energy sector, this No-Code technology holds significant importance and offers various
applications. One crucial area is predictive maintenance, where Al algorithms can analyze vast amounts
of data from sensors and equipment to predict potential failures or maintenance needs, in a fraction

of the time, thereby optimizing asset performance and reducing downtime.

Additionally, no-code Al enables the automation of routine tasks such as data collection, analysis, and

reporting, streamlining operational processes and improving efficiency across the energy value chain.

Furthermore, in fast-growing renewable energy sectors, like solar and wind farms, Al can optimize
energy production by forecasting weather patterns as well optimise energy planning, by predicting

which sources should be used and when.

Jiva.ai's No-code Al platform cleverly puts a host of data science tools in the format of nodes, which
users can select (or the platform can recommend for you) for their Al pipelines. The users are able to
select APl nodes to link to different software to retrieve the data then choose nodes to clean and
manage the data before putting it into a variety of Al techniques. will soon launch a natural language
version where you simply just upload the data and the Al behind the platform will recommend which
nodes to use and why, to get the most accurate Al models made. The platform is agnostic to datatype,
industry, and Al technique. We usually deploy on the client's preferred cloud (AWS, Azure, etc) or on-

prem.
Overall, the adoption of no-code Al in the energy sector enhances decision-making, reduces time and

cost of Al deployment, and promotes sustainability, functionality and longevity, through improved

resource management and operational effectiveness.
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At Jiva.ai we specialise in No-Code, Multimodal Al. Multimodal Al is the ability to integrate related data
verticals for more accurate predictions in complex systems. Inthe Energy sector, this could mean taking
multiple data sources such as weather, demand, carbon diocide production, pollution and pricing to

better manage different energy sources.

Jiva.ai - The Solution ‘
Q Massively Reduced costs & time 0 IP Neutral
On average $500k in Al development costs User retains all IP

No Code approach to building Al ° Jiva.ai Optimises faster the more it is used

Build Al models without needing to be a data scientist Becomes more cost & time efficient

Ability to integrate related date verticals for better predictions over time

Explainability

@
@ Multimodality
o

Ability to to understand where the prediction is coming from

Multimodality - Next Generation Al .

We lack the tools to bridge across modalities. The same pain point exists across sectors, for example
in healthcare how do diagnostic or progression predictors bridge with one another? This is a pain point

for any industry that deals with complexity.
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1. Vorwort

Die Energiewende in Deutschland und der damit verbundene Ausbau von Erneuerbaren Energien
(EE) schreiten weiter voran. Um das Tempo beim EE-Ausbau weiterhin hochzuhalten und dem
dynamischen Kontext des Energiesystems gerecht zu werden, sind innovative Impulse und die
EinfiUhrung neuer Instrumente gefragt. Dabei lohnt sich haufig der Blick ins Nachbarland, um zu
evaluieren, wie die mit dem EE-Ausbau einhergehenden Herausforderungen dort geldst werden.
Der Blick Uber die Grenzen ermdglicht es, innovative Ansatze zu identifizieren und deren Potenzial
fur die deutsche Energiewende zu bewerten.

Hier in Deutschland steht man noch vor der Herausforderung, die Energiewende verstarkt in die
urbanen Strukturen zu integrieren. In einem bisher wenig partizipativen Energiesystem,
insbesondere fur Endkunden, rtickt da das Konzept des Energy Sharings als vielversprechender
Ansatz in den Fokus. Es hat das Potenzial, eine breite Palette von Endkunden aktiv in die
Energiewende einzubinden und somit weitere Fortschritte im EE-Ausbau zu erzielen.

Deswegen widmet sich diese Studie dem Konzept des Energy Sharing und dessen Umsetzung in
unserem EU-Nachbarland Spanien

Wahrend eines intensiven 8-wdchigen Forschungsaufenthalts in der Metropolregion Barcelona
wurden das Konzept, die praktische Umsetzung und die damit verbundenen Hurden des
spanischen Konzeptes fur Energy Sharing detailliert untersucht. Die gewonnenen Erkenntnisse
bilden die Grundlage fur eine umfassende Analyse, die nicht nur die Potenziale, sondern auch die
Herausforderungen dieses Konzepts aufzeigt.

Die Studie bietet daruber hinaus konkrete Handlungsempfehlungen fur Umsetzung eines fur die
Endkunden attraktiven Energy Sharing Konzeptes. MaBnahmen wie die verstarkte Einfihrung
intelligenter Messsysteme, die effiziente Nutzung des Niederspannungsnetzes und die Schaffung
neuer Rollen im Strom-Sektor werden als Schlissel zur erfolgreichen Umsetzung herausgestellt.

AbschlieBend erfolgt eine kritische Betrachtung, inwieweit das spanische Energy Sharing Konzept
auf die deutsche Realitat Ubertragbar ist. Die gewonnenen Erkenntnisse und Empfehlungen
sollen nicht nur zur Erforschung dieses Konzepts beitragen, sondern auch Impulse fur die
Weiterentwicklung der deutschen Energiewende bieten. Diese Studie erweitert somit das Wissen
auf diesem Gebiet und liefert konkrete Handlungsempfehlungen fur politische
Entscheidungstrager und Akteure im Energiesektor.

Ich bin zuversichtlich, dass diese Erkenntnisse einen wertvollen Beitrag zur Gestaltung einer
nachhaltigen und effizienten Energieversorgung in Deutschland leisten kdnnen.

Viel SpaB3 beim Lesen winscht

Nils Bartig



2. Einleitung und Hintergrund

2.1 Relevanz von Energy Sharing

Die deutsche Bundesregierung hat ehrgeizige Ziele fir den Ausbau erneuerbarer Energien gesetzt,
die bis 2030 einen Anteil von mindestens 80 Prozent am Bruttostromverbrauch erreichen sollen.
Diese ehrgeizige Agenda wurde bereits im Januar 2022 durch das Bundesministerium fur
Wirtschaft und Klimaschutz (BMWK) skizziert und umfasst konkrete Ausbauziele fur Photovoltaik-
Anlagen (PV-Anlagen), Windkraftanlagen und batterieelektrische Fahrzeuge (Bundesministerium
fur Wirtschaft und Klimaschutz, 2022). Um diese Ziele zu unterstutzen, wurde die Novelle des
Erneuerbare-Energien-Gesetzes (EEG) von 2023 eingefuhrt, die Teil des sogenannten Osterpakets
ist und verschiedene rechtliche MaBnahmen verankert.

Auf europaischer Ebene wurden die Klimaziele durch den Green Deal erheblich angehoben,
wobei ein klimaneutrales Europa bis 2050 angestrebt wird. Diese Transformation des
europaischen Energiesystems eroffnet viele Chancen, wirft jedoch auch neue
Herausforderungen auf. Ein besonderes Augenmerk liegt dabei auf der Starkung der
Burgerbeteiligung, wie sie in der Richtlinie Recast of the Renewable Energy Directive (RED Il) und
der Richtlinie Electricity Marekt Directive (EMD) der EU betont wird. Diese betont die
Uberzeugung, dass die Beteiligung von Biirgern' an Projekten im Bereich erneuerbarer Energien
nicht nur die Akzeptanz fordert, sondern auch den Zugang zu zusatzlichem Privatkapital vor Ort
ermoglicht.

Die Herausforderung der noch mangelnden Beteiligung von Blrgern wurde im MaBnahmenpaket
Clean Energy Package for all European (CEP) adressiert, welches das Konzept des Energy Sharing
eingefuhrt hat. Die Europaische Kommission verpflichtete im Jahr 2019 alle EU-Mitgliedsstaaten
zur verbindlichen Implementierung von Energy Sharing (Europaische Kommission, 2016, 2019).
Das CEP lasst Spielraum fur Interpretationen und definiert Energy Sharing als die kollektive
Nutzung, den Verbrauch und die Erzeugung von Energie innerhalb von Energiegemeinschaften
(RECs? oder CECs?® oder alternativ Uber Collective Self-Consumption (CSC* (EU-Richtlinie
2018/2001 vom 11.12., 2018; EU-Richtlinie 2019/944 vom 05.06, 2019).

Generell etabliert dieses innovative Konzept einen neuen Marktansatz, der es Teilnehmern
ermoglicht, gemeinschaftlich erzeugten Strom unter spezifischen Bedingungen uber das
regionale Netz kostenglnstig zu nutzen (Ritter et al., 2023; Viola Theesfeld et al., 2021). Die
grundlegende Idee von Energy Sharing geht uber die bloBe Stromerzeugung hinaus und eréffnet
die Moglichkeit, vielfaltige Mehrwerte in dkologischer, 6konomischer und sozialer Hinsicht zu
generieren (Ritter et al., 2023). Zusatzlich kann mit Energy Sharing eine gerechte Teilhabe an der
Energiewende ermdglicht werden, indem es Menschen ohne eigenen Besitz die Mitgestaltung
erneuerbarer Energien ermdglicht (Engie, 2023, 2024; Ritter et al., 2023).

Trotz dieser vielversprechenden Perspektiven spielt Energy Sharing in Deutschland bisher kaum
eine Rolle, wahrend es in europaischen Nachbarlandern bereits praktiziert wird (European Union
Agency for the Cooperation of Energy Regulators [ACER] & Council of European Energy Regulators
[CEER], 2022; Frieden et al., 2020). In Deutschland besteht ein deutlicher Nachholbedarf

" Dieser Bericht verwendet aufgrund der besseren Lesbarkeit das generische Maskulinum. Gemeint sind
jedoch immer alle Geschlechter.
2 Renewable Energy Community gem. CEP — RED Il - Art. 2.16 & Art.22
8 Citizen Energy Community gem. CEP —EMD - Art. 2.11 & Art. 16
4 CEP - RED Il - Art. 2.14/15 & Art. 21: jointly acting renewable self-consumer; CEP — EMD - Art.2.8: active
costumer

4



aufgrund fehlender attraktiver Regulatorik. Der Druck auf die Regierung steigt, unter anderem
durch zunehmende Berichterstattung (Mdr, 2023). Akteure, wie das Bundnis Burgerenergie e.V.,
haben gegen die mangelnde Umsetzung der Verordnung in deutsches Recht bereits eine EU-
Beschwerde eingereicht (BBEn - Buindnis Blrgerenergie e.V., 2024).

In diesem Kontext stellt sich die Frage, welche Erkenntnisse aus den Erfahrungen anderer Ldnder
mit Energy Sharing auf Deutschland ubertragbar sind und wie diese Integration in die deutsche
Energiewende erfolgen kann. Diese Uberlegungen bilden den Kernpunkt dieser Forschungsarbeit.
Bevor das Zielland dieser Forschungsarbeit begrindet wird, gilt es, das geltende EU-Recht fur
Energy Sharing vorzustellen.

2.2 Kurziibersicht Energy Sharing im EU-Recht

Im November 2016 legte die Europaische Kommission erstmals das Clean Energy for all European
Package (CEP) vor, das neue Bestimmungen fur die Gestaltung des Energiemarktes der EU enthalt
(Divshali et al., 2020; Held et al., 2019). Bestehend aus acht Richtlinien und Verordnungen wurde
dieses Paket Ende 2019 von Europdischem Parlament und Europaischem Rat verabschiedet
(Europaische Kommission, 2019). Die geanderten Verordnungen galten unmittelbar, wahrend die
EU-Mitgliedsstaaten die neuen Richtlinien innerhalb zwei Jahre in nationales Recht zu integrieren
hatten (Europaische Kommission, 2016; Publications Office of the European Union, 2021).

Die Vorgaben des CEP er6ffnen den Energiemarkt und setzen Anreize fur Endkunde, eine aktivere
Rolle auf dem Markt einzunehmen. Zusatzlich erhalten Endkunden die Mdoglichkeit, selbst
erzeugte Energie zu verbrauchen, speichern oder zu verkaufen (EU-Richtlinie 2019/944 vom
05.06, 2019). Innerhalb der CEP-Richtlinien wurden zwei Konzepte eingefluihrt, die es Endkunden
ermoglichen, kollektiv. am Energiemarkt teilzunehmen und Energie untereinander
auszutauschen. Das Konzept der Energy Community (EC) gibt einen rechtlichen Rahmen vor, wie
sich Endkunden zusammenschlieBen kdnnen, um Energy Sharing zu betreiben (Frieden et al.,
2020). Das Konzept Collective Self-Consumption (CSC) beschreibt hingegen die konkrete
Umsetzung des gemeinschaftlichen Energy Sharing und legt dafur rechtlichen Grundlagen auf
EU-Ebene fest (Roberts et al., 2019). Diese beiden Konzepte wurden in zwei Gesetztestexten des
CEP eingefluhrt; in der Richtlinie Recast of the Renewable Energy Directive (RED Il) und der
Richtlinie Electricity Market Directive (EMD).

Eine Ubersicht der fiir Energy Sharing relevanten Paragrafen wird in der Abbildung 2 aufgezeigt.

Clean Energy for all European Package
© rep © =
REC " CEC
Art. 2.16: Konzept REC Art. 2.11: Konzept CEC
EC Art. 22: Rechte/Pflichten einer Art. 16: Rechte/Pflichten einer
REC CEC
N
CSC — geografisch beschrankt 7 CSC — geografisch unbeschrankt
Art. 2.14/15: jointly acting
csc renewable self-consumer Art. 2.8: active costumer,
Art. 21: Marktzugang fur joint. Gruppe von Endkunden
act. renew. self-consumer
\

Abbildung 1: Ubersicht der relevanten Energy Sharing Artikel des CEP; eigene Darstellung



Die Definition von Energy Sharing ergibt sich aus Artikel 22 2b) RED I, wodurch einer Renewable
Energy Community (REC) das Recht obliegt, erzeugte Energie aus den eigenen Anlagen
gemeinschaftlich zu nutzen (EU-Richtlinie 2018/2001 vom 11.12., 2018). Alternativ wird in der
Richtlinie EMD aufgefuhrt, dass Energie innerhalb einer Citizen Energy Community unter den
Mitgliedern gemeinschaftlich geteilt werden darf (EU-Richtlinie 2019/944 vom 05.06, 2019).
Damit besteht die Moglichkeit innerhalb einer EC Energy Sharing durchzufiihren (Viola Theesfeld
et al., 2021). Ferner lasst sich Energy Sharing Uber Collective Self-Consumption realisieren, was
die Grindung einer Energy Community fur Energy Sharing obsolet werden lasst (Frieden et al.,
2020).

Das spater untersuchte Konzept fir Energy Sharing stutzt sich rein auf das Konzept Collective
Self-Consumption, weswegen in diesem Bericht nicht naher auf das Konzept der Energy
Communities eingegangen wird. Nur der Vollstandigkeit halber wird hier Energy Sharing mittels
Energy Communities kurz aufgefihrt.

Jointly Acting Renewable Self-Consumer nach RED Il

In Artikel 2.14 RED Il wird der Renewable Self-Consumer eingefuhrt, ein Endkunde, der EE nicht
nur erzeugen, sondern auch speichern und verkaufen darf. Dabei unterliegt er geografischen
Beschrankungen und darf dieses nur innerhalb definierter Grenzen tun. Artikel 2.15 RED I
erweitert die Definition auf Jointly-acting Renewable Self-Consumer, was eine Gruppe
gemeinsam handelnder Renewable Self-Consumer ist. Diese mussen in demselben Gebaude
respektive Mehrfamilienhaus agieren. Die EU-Mitgliedsstaaten sind gemaB Artikel 21 RED Il daftr
verantwortlich, dass diesem Kollektiv ein Marktzugang fur den Verkauf von Energie ohne
diskriminierende Umstéande, z. B. durch hohe Abgaben oder blrokratische Hlrden, gewahrleistet
ist. Aus dem RED Il ergibt sich so die Moglichkeit Energy Sharing innerhalb eines Gebaudes zu
betreiben, ohne dass eine EC erforderlich ist. (EU-Richtlinie 2018/2001 vom 11.12., 2018)

Active Costumer nach EMD

Das Pendant zum Renewable Self-Consumer ist der Active Costumer nach Artikel 2.8 EMD.
Analog zum Renewable Self-Consumer hat der Active Costumer das Recht elektrische Energie zu
erzeugen, zu speichern und zu verkaufen. Ein Active Costumer ist nicht auf einen Endkunden
limitiert, sondern kann auch eine Gruppe gemeinsam handelnder Endkunden sein. Ferner ist der
Active Costumer nicht an Ort und Stelle gebunden, sodass das Energy Sharing in diesem Fall
keiner geografischen Beschrankung unterliegt. (Alaton et al., 2020; EU-Richtlinie 2019/944 vom
05.06, 2019)

In diesem Bericht wird das Energy Sharing der Jointly-Acting Self-Consumer und Active Costumer
gemeinsam unter dem Oberbegriff CSC gefuhrt.



3. Mangelnde Attraktivitat von Energy Sharing in Deutschland

3.1 Status Quo: Energy Sharing in Deutschland

In Deutschland existieren gegenwartig zwei Ansatze mittels derer regionale Stromverbraucher
gemeinschaftlich Energie erzeugen und nutzen kbénnen: das Mieterstrom-Modell, und
Bilrgerenergiegenossenschaften (Roland Tual et al., 2023). Diese Modelle zeichneten sich
historisch durch erhebliche burokratische Komplexitat aus. Das Solarpaket |, dessen
Verabschiedung bevorsteht, verspricht jedoch verschiedene Verbesserungen (RSM Ebner Stolz,
2024). Ebenfalls wird in der Photovoltaik-Strategie des BMWK erstmals der Begriff "Energy
Sharing" offiziell von der Regierung verwendet (BMWK, 2023). Zugleich wird durch das Gesetz fur
den Neustart der Digitalisierung der Energiewende der Smart-Meter Rollout in Deutschland
intensiv vorangetrieben, was die technische Grundlage fir Energy Sharing Konzepte schafft
(BMWK, 2024).

Mieterstrom-Modell / Solarpaket |

Der Terminus "Mieterstrom-Modell" umfasst eine spezifische Gruppe von Regularien innerhalb
des deutschen Stromsektors. Ziel dieser Rechtsvorschriften ist es, die Entwicklung und
Umsetzung von Mieterstromanlagen zu fordern. Mieterstromanlagen sind Photovoltaikanlagen,
die auf den Dachern von Mehrfamilienhausern installiert werden, die Bewohner direkt mit Strom
versorgen, ohne dass das offentliche Netz genutzt wird (Bundesnetzagentur, 2024).

Die Regulierung basiert auf dem Erneuerbare-Energien-Gesetz (EEG) wund der
Stromnetzzugangsverordnung (StromNZV) (Bundesnetzagentur, 2024). Das EEG gestattet
Betreibern von Mieterstromanlagen die Inanspruchnahme eines Mieterstromzuschlags pro
erzeugter und im Haus verbrauchter Kilowattstunde Strom (Bayernwerk, 2024;
Bundesnetzagentur, 2024; Node.Energy, 2024). Die StromNZV regelt den Netzanschluss-Vorgang
dieser Anlage und verordnet, dass SLP-Messungen® vom Gesetzgeber als zulédssig betrachtet
werden, trotz einer Uberschreitung von >100.000 kWh Bezug am Summenzahler (Carsten
Tschamber et al., 2017). Fur die EEG-Férderung von Mieterstrommodell gelten die Bedingung,
dass der Mieterstrompreis mindestens zehn Prozent unterhalb des Grundversorgungstarifs liegen
muss, Mieter die Moglichkeit haben, den Vertrag jederzeit mit einer Kindigungsfrist von drei Monat
zu beenden (Bundesnetzagentur, 2024).

Das geplante Solarpaket | beinhaltet MaBnahmen zur Férderung der dezentralen
Stromversorgung in Deutschland und insbesondere auch des Mieterstrommodell zu férdern und
zu erleichtern. Veranderungen umfassen die Ausweitung des Anwendungsbereichs von
Mieterstrom-Modellen auf Gewerbefldchen und Nebenanlagen wie Garagen, eine Absenkung der
technischen Anforderungen sowie die Einfihrung eines virtuellen Summenzahlers. Mit diesen
Neuerungen wird die Abrechnung des Stromverbrauchs vereinfacht, der Verwaltungsaufwands
reduziert und die Attraktivitat von Mieterstrom-Projekten gefordert. (BMWK, 2023)

Birgerenergiegesellschaft

Burgerenergiegesellschaften sind genossenschaftliche Unternehmen, von Privatpersonen
gegrundet, mit dem Hauptziel, Erneuerbare Energien zu fordern und die Energiewende in
Deutschland zu unterstutzen (Energiewende jetzt, 2024). Diese Genossenschaften betreiben

5 SLP-Zahler sind saldierende Zahler mit Zahlerstanden und Standardlastprofilen. Abgrenzend dazu
existieren die RLM-Zahler mit einer registrierenden Lastgangmessung Carsten Tschamber et al. (2017).
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verschiedene Arten von Erneuerbaren-Energie-Anlagen und kénnen auch Stromnetze betreiben
oder Energiedienstleistungen anbieten. Darlber hinaus kdnnen sie in der Lage sein, Stromnetze
zu betreiben oder Energiedienstleistungen bereitzustellen. Mitglieder sind aktiv in Errichtung und
Betrieb involviert, konnen sich an Finanzierung und Umsetzung beteiligen. Die regulatorische
Grundlage findet sich im Genossenschaftsgesetz (GenG) und im Energiewirtschaftsgesetz
(EnWG). Wesentliche Anforderungen umfassen eine Mindestanzahl von sieben Mitgliedern, eine
festgelegte Satzung, Haftpflichtversicherung und die Einhaltung des EnWG.

Die wesentlichen regulatorischen Anforderungen fur Burgerenergiegenossenschaften in
Deutschland umfassen die Notwendigkeit einer Mindestanzahl von sieben Mitgliedern, die
Verpflichtung zur Ausarbeitung einer Satzung zur Regelung der Ziele und Organisation der
Genossenschaft, die Absicherung mittels Haftpflichtversicherung sowie die Einhaltung der
Vorschriften des EnWG.

Forderprogramme der Bundesregierung haben Uber die vergangene Jahre zu einem Anstieg von
Burgerenergiegesellschaften gefuihrt, so dass im Jahr 2023 Uber 870 solcher Genossenschaften
mit insgesamt mehr als 220.000 Mitgliedern aktiv sind (DGRV, 2024). Beispiele fur
Burgerenergiegenossenschaften sind die EWS Elektrizitatswerke Schonau eG, eine der altesten
und groBten Burgerenergiegenossenschaften, die Windkraftanlagen, Solaranlagen und
Biogasanlagen in Baden-Wurttemberg betreibt. Ebenso sind Unternehmen wie Green Planet
Energy eG und Naturstrom AG groBere Akteure (Wir leben Genossenschaft - BWGV, 2023).

3.2 Technische und regulatorische Voraussetzungen fiir Energy Sharing

Die gemeinsame Nutzung von Energie stellt eine weitere dezentrale Bezugsmoaglichkeit fur
Endverbraucher dar, bislang ihren Strombedarf entweder durch Versorgung durch das
Energieversorgungsunternehmen (EVU) oder durch Eigenversorgung decken. Energy Sharing ein
neuer technischer Ansatz im Energiesektor, der verschiedene Aspekte mit sich bringt (BUND et
al., 2019; Viola Theesfeld et al., 2021).

Einerseits ist es notwendig, neue technische Richtlinien und Anforderungen fur die Einrichtung
eines Energy-Sharing-Kollektivs zu beschreiben. Die raumliche Nahe definiert dabei den Bereich,
in dem Energy Sharing um die Erzeugungsanlage herum stattfindet. Zusatzlich mussen die
maximal zulassige Gesamtproduktionskapazitat (kWp) fur Erzeugungsanlagen festgelegt und ein
"Verrechnungszeitraum" gewahlt werden, d. h. die Zeiteinheit, flr die der Verbrauch durch das
Energy Sharing vom Gesamtverbrauch abgezogen wird. Fur die Implementierung und Umsetzung
dieser neuen Richtlinien und Anforderungen konnen neue Prozesse erforderlich sein. Daruber
hinaus entstehen im Rahmen dieses Versorgungskonzepts neue Rollen, weshalb neue
Einrichtungen geschaffen werden mussen, die fur die Verwaltung der gemeinsamen Nutzung von
Energie verantwortlich sind (z. B. die Gemeinschaft als Rechtsform). Es muss auch festgelegt
werden, welcher Akteur fur die Erfassung von Messdaten verantwortlich ist und diese an andere
beteiligte Akteure weiterleitet. (Roland Tual et al., 2023)

Neben den technischen Anforderungen spielt die Wirtschaftlichkeit bei Energy Sharing eine
zentrale Rolle. Dabei kdnnen verschiedene Faktoren die Rentabilitdt einer Initiative zur
gemeinsamen Nutzung von Energie beeinflussen, wobei in der Regel Anreize geschaffen werden,
die sich auf die Abrechnungskomponenten der Stromrechnung (Energie, Netzgebuhr, Steuern und
Abgaben) auswirken. Dabei mussen auch die bestehenden Vorschriften zur Verwendung
Uberschussigen Energie und die Modalitaten fur die Einspeisung in das Netz beachtet werden.
(Roland Tual et al., 2023)



Smart-Meter-Rollout / GNDEW

Energy Sharing kann eine entscheidende Rolle in der Energiewende spielen, in es Effizienz und
Flexibilitdt in der Energieversorgung verbessert. Dabei ist eine bestehende Smart Meter
Infrastruktur essenziel, um den "virtuellen" Energieaustausch zwischen Haushalten,
Unternehmen und lokalen Energieerzeugern zu ermoglichen. Die Implementierung digitaler und
intelligenter Zahler sowie die damit verbundene digitale Infrastruktur ermdglichen erst die
Echtzeituberwachung des Energieverbrauchs und der -erzeugung sowie die Vvirtuelle
Umverteilung von Strom. Diese digitale Einbindung von Endkunden eroffnet neue Maglichkeiten
fur den dezentralen Energieaustausch und fordert die Schaffung kollektiver Flexibilitat, die sich
stark nach den Verfugbarkeiten von Energie richtet. (Roland Tual et al., 2023; van Heemstra et al.,
2021; Viola Theesfeld et al., 2021)

Derzeit fehlt eine solche technische Infrastruktur in Deutschland. Das "Gesetz fur den Neustart
der Digitalisierung in der Energiewende" von 2023 zielt darauf ab, dieses Defizit zu beheben und
einen klaren Zeitplan fur die flachendeckende EinfiUhrung von Smart Meter vorzugeben. Bis zum
Jahr 2030 ist die Ausstattung aller Haushalte und Unternehmen in Deutschland mit diesen
intelligenten Zahlern vorgesehen, wobei bis zum Jahr 2027 bereits 80% der Haushalte und
Unternehmen mit Smart Metern ausgestattet sein sollen. Parallel dazu vereinfacht das Gesetz
Genehmigungsverfahren fur die Installation von Smart Metern und beseitigt burokratische
Hemmnisse. Diese zeitliche Vorgabe und die in dem Gesetz enthaltenen MaBnahmen schaffen
die technische Grundlage fur Energy Sharing in Deutschland. (BMWK, 2024)

Um einen attraktiven Rahmen flur Energy Sharing in Deutschland zu schaffen, ist neben der
Schaffung dertechnischen Infrastruktur eine Anpassung der Regulierung erforderlich. Dabei stellt
sich die Frage, welche regulatorische Voraussetzungen geschaffen werden mussen und welche
Auswirkungen durch solche Anpassungen entstehen.

3.3 Forschungsfragen und Methodik
Wahl des Ziellandes Spanien

Dieses Forschungsvorhabens konzentriert sich auf Spanien als ein vielversprechendes
Untersuchungsziel fur Energy Sharing. Das Land zeichnet sich durch ein fortschrittliches
Energiesystem mit einem bedeutenden Anteil an erneuerbarer Energien (50.3% EE-Anteil an
Bruttostromerzeugung) aus (Eléctrica, 2023; Statista, 2024). Besonders interessant ist die bereits
2018 eingefuhrte Regulatorik fuir Energy Sharing das attraktive wirtschaftliche Anreize auf die
geteilte Energie bietet (Deutsche Handelskammer flr Spanien & Mittelstand Global
Exportinitiative Energie, 2021).

Die spanische Regulatorik ermoglicht es Nachbarn innerhalb eines 2-km-Radius um eine
Photovoltaik-Anlage, Energy Sharing uber das Niederspannungsnetz durchzufihren. Dieser
Mechanismus basiert auf digitalen Smart-Metern und erlaubt das Teilen von Solar-Energie ohne
Netzentgelte, Stromsteuern oder Abgaben. Allerdings sind mit der Umsetzung noch einige offene
Fragen und Herausforderungen verbunden. (Deutsche Handelskammer fur Spanien & Mittelstand
Global Exportinitiative Energie, 2021; Frieden et al., 2020; Roland Tual et al., 2023)

Folglich stellt sich die Frage, wie das spanische Energy Sharing Konzept konzeptioniert ist, wie es
in der Praxis durchgefuhrt wird. Dabei konzentrieren sich die Untersuchungen geografisch auf
Katalonien und insbesondere auf Barcelona und sind durch einen acht-wochigen



Auslandsaufenthalt zeitlich beschrankt. Die Wahl fur den regionalen Fokus auf Barcelona ist
begrindet durch die Progressivitat im Bereich Nachhaltigkeit.

Forschungsfragen

Um eine umfassende Analyse einer attraktiven Energy-Sharing-Regulierung zu ermoglichen, hat
dieses Projekt zum Ziel, die Praxis des Energy Sharing in Spanien im Kontext der geltenden
rechtlichen Rahmenbedingungen zu untersuchen. Dabei liegt der Fokus auf der ldentifizierung
bewahrter Verfahren, zentraler Herausforderungen und der Ubertragbarkeit des Konzepts auf
Deutschland. Dieser Bericht gibt Antwort auf die folgenden drei Fragestellungen:

1. Wie gestaltet sich die aktuelle Regulatorik fir Energy Sharing in Spanien und welche
rechtlichen Rahmenbedingungen wurden daflur geschaffen?

Ein Hauptziel dieses Berichts ist die detaillierte Darstellung des spanischen Energy-Sharing-
Konzepts. Hierfur wird innerhalb dieser Fragestellung das Konzept gemaB des vorherigen
Unterkapitels charakterisiert, wobei die technischen Regeln, die wirtschaftlichen Anreize und
geschaffene Prozesse vorgestellt werden. Ferner werden die teilweise neuen Rollen sowie
deren Verantwortlichkeiten benannt. Die Beantwortung dieser Fragestellung bildet die
Grundlage fur die weitere Untersuchung und soll dem Leser ein besseres Verstandnis der
spanischen Strom-Regulatorik vermitteln. Insbesondere zeigt die Beantwortung dieser
Fragestellung eine neue Perspektive fur Energy Sharing auf, die sich deutlich von dem
Mieterstrom-Modell und den Burgerenergiegesellschaften abgrenzt.

2. Welche spezifischen Hurden und Bottlenecks treten bei der praktischen Umsetzung von
Energy Sharing-Projekten in Spanien auf und wie konnen diese Uberwunden werden?

Die zweite Fragestellung zielt darauf ab, Problemfelder bei der Umsetzung von Energy Sharing
zu identifizieren. Mit dem neu geschaffenen Konzept Energy Sharing, sind in Spanien
unvorhergesehen Schwierigkeiten und Einschrankungen bei der praktischen Umsetzung
aufgetreten. Die Beantwortung dieser Fragestellung, dient dazu fur die spezifischen Energy
Sharing Probleme sensibilisiert zu werden. Mit dieser Sensibilisierung bekommt man
wiederum ein besseres Gefuhl fur die Probleme, die einem bei der Umsetzung begegnen
konnen. Ferner werden verschiedene Einflussfaktoren deutlich, wodurch sich wiederum
Strategien und MaBhahmen entwickeln lassen, die diesen gezeigten Umsetzungs-Problemen
entgegenwirken.

3. Welche Handlungsempfehlungen lassen sich aus Spanien auf den deutschen Energiemarkt
Ubertragen, um eine erfolgreiche Implementierung von Energy Sharing zu ermoglichen?

Die Beantwortung dieser Forschungsfrage gibt Aufschluss darlber, welche Praktiken in
Spanien sich im Kontext von Energy Sharing erfolgreich bewahrt haben und bei einer
moglichen Etablierung eines neuen deutschen Energy-Sharing-Konzepts berucksichtigt
werden kdnnten. Daflr soll aufgezeigt werden, welche besonderen praktischen Merkmale von
Energy Sharing in Spanien existieren. Aufbauend darauf lassen sich potenzielle Anpassungen
oder Erganzungen identifizieren, die erforderlich sind, um das Konzept des Energy Sharing
erfolgreich in Deutschland umzusetzen. Dabei werden Handlungsempfehlungen erarbeitet,
die die spezifischen rechtlichen, technischen und wirtschaftlichen Rahmenbedingungen
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berlcksichtigen. Diese Handlungsempfehlungen sind als Impulse oder DenkanstoBe zu
interpretieren.

Methodik

Im Rahmen dieser Studie wird eine Kombination aus qualitativer und quantitativer Forschung
durchgefihrt, wobei verschiedene methodische Ansdtze kombiniert wurden, um die drei
Forschungsfragen zu beantworten. Die Datenerhebung basierte auf einer Literaturrecherche und
einer Felduntersuchung.

Literaturrecherche

Die Literaturrecherche erfolgte in zwei Schritten. Zunachst wurde mittels einer breiten
Literaturrecherche eine Vielzahl von Quellen gesammelt, um einen allgemeinen Uberblick tiber
Energy Sharing in der EU und in Deutschland zu geben. Hierbei wurde hauptsachlich deutsche
Fachliteratur verwendet. Zuerst wurden die zentralen Anlaufstellen fur Energy Sharing in
Deutschland identifiziert, darunter das Bundesministerium fur Wirtschaft und Klimaschutz
(BMWK), die Deutsche Energie-Agentur (dena), die Bundesnetzagentur (BNetzA), der Bund fur
Umwelt und Naturschutz (BUND) und das Blindnis Burgerenergie (BBEn).

Auf den Internetseiten dieser Anlaufstellen wurde gezielt nach Studien und Positionspapieren
zum Thema Energy Sharing in Deutschland gesucht. Auf dieser Grundlage wurde mithilfe der
Schneeball-Technik weitere Fachliteratur erarbeitet. Die gefundene Literatur wurde durch die
Verwendung von Original-Gesetzestexten wie der RED Il und EMD des CEPs erganzt.

Im zweiten Schritt wurde eine erneute Literaturrecherche durchgefuhrt, die sich auf die ersten
beiden Forschungsfragen fokussierte. Diese Literaturrecherche beschrankte sich auf spanisch-
und englischsprachige Studien. Hierfir wurden — analog zum vorherigen Vorgang — die zentralen
Anlaufstellen flr Energy Sharing in Spanien identifiziert. Diese Anlaufstellen sind in der
untenstehenden Tabelle aufgefiihrt.

Anlaufstelle fiir Energy Sharing in Spanien
Comisién Nacional de e Behérde fiir Regulierung und Uberwachung von Strom-
los Mercados y la Markten und Wettbewerb
Competencia (CNMC) e https://www.cnmc.es/
e Ubertragungsnetzbetreiber in Spanien, Anlaufstelle fiir
Daten zu Erzeugung, Verbrauch oder Ausbau von EE

Red Electrica Espana

(REE)
e https://www.ree.es/es
e staatliche Institution, zur Férderung des nachhaltigen
Institut para la Energieverbrauchs in Spanien, Entwicklung von
Diversificacion y Ahorro Forderprogrammen, Veroffentlichung Guidelines flr
de la Energia (IDAE) EE-Projekte

e https://www.idae.es/en/home

e Endesaist das groBte EVU in Spanien, Verbundlung
mit eigenem VNB e-distribucion; Informationen zu
Anschluss und technische Regeln fir Energy Sharing
Anlagen

e https://www.edistribucion.com/es/index.html
https://www.endesa.com/

Endesa/ e-distribucion
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https://www.cnmc.es/
https://www.ree.es/es
https://www.idae.es/en/home
https://www.edistribucion.com/es/index.html
https://www.endesa.com/

Ministerio de la
Presidencia, Justiciay
Relaciones con las
Cortes

Union Espanola
Fotovoltaica (UNEF)

Asociacion de
Empresas de Energias
Renovables (APPA
Renovables)

Spanisches Justiz-Ministerium, Veroffentlichung aller
Gesetzestexte
https://www.mpr.gob.es/Paginas/index.aspx

Branchenverband fur Photovoltaik in Spanien,
institutionelle Vertretung und Férderung des
Photovoltaiksektors

https://www.unef.es/

Verband fur EE, reprasentiert u.a. Unternehmen aus
dem Bereich Eigenverbrauch / Energy Sharing in
Spanien

https://www.appa.es/

e Allianz setzt sich fur die Forderung von Eigenverbrauch
ein, Zusammenschluss aus Unternehmen
e https://alianzaautoconsumo.org/

Alianza por el
autoconsumo

Im Gegensatz zur initialen breiten Literaturrecherche wurde sich bei diesem Vorgehen darauf
konzentriert, eine begrenzte Anzahl von Quellen sehr grindlich zu untersuchen. Insbesondere
wurden bestehende spanische Gesetze, Verordnungen und offizielle Richtlinien verwendet. Die
verwendeten Haupt-Suchbegriffe zur Identifikation relevanter Literatur waren:

Spanische Hauptsuchbegriffe
Autoconsumo; autoconsumo colectivo; autoconsumo
compartid(o); communidades energia; consumo
colaborativo de energia; energia solar compartida;
cooperativas de energia renovable
Royal Decreto / Ley por autoconsum; RD 244 /2019; RD
15/2018; Ley del Sector Eléctrico; Comercializacion de
energia; compensacion (simplificada) excedentes
Diagndstico.../ retos... / propuestas... /problemas... /
trabas.../ barreras... ... por/con autoconsumo colectivo
in boolescher Kombination mit:
comunidades de propietarios; distribudoras;
ayuntamientos; comercializadoras; excedentes;
compensacion

Allgemeines Konzept
Energy Sharing /
Eigenverbrauch

Regulatorische und
rechtliche Aspekte

Identifikation von
Problemen

Mittels dieser Schlagworter und der damit einhergehenden Literaturrecherche lieBen sich
detaillierte Informationen zum Aufbau der spanischen Regulatorik abrufen. Die Ergebnisse
wurden zusammengefasst und kritisch analysiert, wobei der Fokus auf der Entwicklung und der
aktuellen Situation der rechtlichen und regulatorischen Landschaft lag. Ferner sollten mit dieser
Literaturrecherche konkrete Schwierigkeiten und Einschrankungen identifiziert werden, denen
Energy Sharing Projekte in Spanien gegenuberstehen. Hierbei wurde insbesondere auf
operationelle Herausforderungen, rechtliche Komplexitaten und sozio6konomische Faktoren
eingegangen.

Felduntersuchung

Im Rahmen dieses Auslandsaufenthaltes wurden zudem acht Interviews mit Experten aus dem

Bereich Energy Sharing in Spanien gefuhrt. Ziel der Interviews war es, die aktuellen

Herausforderungen und Probleme im Bereich Energy Sharing zu beleuchten, mogliche Lésungen
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und Handlungsempfehlungen zu identifizieren und die Wahrnehmung und Akzeptanz von Energy
Sharing bei verschiedenen Stakeholdern zu erfassen.

Die Interviews wurden mit folgenden Personen gefuhrt:
Die Interviews wurden mit folgenden Personen gefihrt:

e Experten aus der Energiewirtschaft: Fachanwalt, Ingenieure

e Politische Vertreter: Leiter des Oficina Técnica de Energia Limpia y Proyectos Inteligentes
(OTELI)®

e Mietglieder von Energy Sharing Kollektiven: Besitzer eines Mehrfamilienhauses;
Vorsitzender einer Eigentimergemeinschaft mit geteilter Photovoltaik-Anlage

e Start-Up: Projektmanager & Technischer Leiter eines Energy Sharing Start-Ups

Die Interviews wurden halbstrukturiert gefuhrt. Es wurde ein Leitfaden mit zentralen Fragen
vorbereitet, um die Interviews zu strukturieren, wobei den Interviewern jedoch die Moglichkeit
gegeben wurde, zusatzliche Fragen zu stellen und auf interessante Themen vertiefend
einzugehen. Durch die vorbereitende Literaturrecherche konnten bereits recherchierte Themen
vertieft und ausgearbeitete Praxishypothesen zu den Bottlenecks validiert oder falsifiziert werden.
Der Leitfaden mit den Themen und Fragestellungen findet sich im Anhang.

Erganzt wurde die qualitative Forschung durch die Auswertung eines Realdatensatzes einer
geteilten Photovoltaik-Anlage in Barcelona. In der vorliegenden Fallstudie wurde ein
Privathaushalt in Barcelona analysiert, bei dem es sich um einen drei-Personen-Haushalt in einer
Wohnung handelt, der 1620 kWh/a Strom verbraucht. Die geteilte Solaranlage, an die der
Endkunde angeschlossen ist, hat eine installierte Nennleistung von 4,455 kWp und umfasst neun
495-Wp-Solarpanele auf der Dachterrasse eines Mehrfamilienhauses in Barcelona. Die Anlage
wird zwischen neun Nachbarn geteilt, die alle in dem Gebdude wohnen, und hat einen
Neigungswinkel von 5° mit Sud-Sud-West-Ausrichtung. Fur diese Anlage liegt ein Jahresdatensatz
in stundlicher Auflésung vor, wobei diese Daten die Erzeugungsleitung, Strompreise,
Einspeisevergltung und die daraus resultierenden Stromkosten umfassen.

Abschluss und Synthese

Die abschlieBende Synthese der gewonnenen Erkenntnisse bildet die Grundlage far
Empfehlungen zur rechtlichen Anpassung oder Verbesserung des regulatorischen Rahmens in
Deutschland. Durch die Verbindung der Ergebnisse aus der Literaturrecherche und den
Stakeholder-Interviews wird eine tiefgehende Erkundung der realen Herausforderungen und
Perspektiven der Stakeholder ermoglicht. Ausgehend von diesen Erkenntnissen wurden induktiv
Handlungsempfehlungen fiir die Ubertragbarkeit in Deutschland abgeleitet. Insbesondere
werden die "Lessons learned" sowie "Best Practices" aus den Ergebnissen nochmals
hervorgehoben.

8 Die OTELI sind 6ffentliche Einrichtungen, die durch das IDAE in das Leben gerufen worden sind. In diesen
konnen sich Buarger von Fachexperten kostenlos zu Themen wie Eigenverbrauch oder Energieeffizienz
beraten lassen Oficina Técnica de Energia Limpia y Proyectos Inteligentes en las islas | Idae (2024).
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4. Regulatorischer Rahmen: Energy Sharing in Spanien

4.1 Stand der Energiewende in Spanien

Um die bessere Vergleichbarkeit zwischen Deutschland und Spanien zu gewahrleisten und
Verstandnis fur das Zielland zu bekommen, wird in diesem Kapitel Unterkapitel der Stromsektor
in Spanien charakterisiert. In Spanien wurden in den letzten funf Jahren erhebliche Fortschritte
im Ausbau erneuerbarer Energien erzielt. Dabei werden die europaweit groBten naturlichen
Ressourcen fur Wind- und Solarenergie genutzt. Diese Entwicklung hat das Land zu einem
Vorreiter im Bereich der erneuerbaren Energien gemacht, wie Berichte der Deutschen
Handelskammer fir Spanien zeigen. (Deutsche Handelskammer fur Spanien & Mittelstand
Global Exportinitiative Energie, 2021)

Im Jahr 2023 konnte Spanien bereits stundenweise den gesamten Primar-Strombedarf durch
erneuerbare Energie abdecken, was einen Meilenstein in der nachhaltigen Energieversorgung
markiert (Fariza, 2023). Der gesamte Brutto-Stromverbrauch lag im Jahr 2023 bei 244,7 TWh und
die kumulierte installierte Leistung aller Erzeugungsanlagen betrug 125,2 GW (Eléctrica, 2023).
Abbildung 1 zeigt die Entwicklung des Ausbaus von Photovoltaik und EE im spanischen Sektor.
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Abbildung 2: Entwicklung Ausbaus von Photovoltaik und des EE-Anteils im Stromsektor in Spanien;
(Eléctrica, 2024a)

Im Jahr 2023 wurden 50,8% des spanischen Brutto-Strombedarfs durch erneuerbare Energien
gedeckt (Eléctrica, 2024b). Dabei wurde auf eine installierte Leistung von 30,7 GW Windkraft, 26,9
GW Solar (Photovoltaik & Solarthermie) und 17,1 GW Wasserkraft zurickgegriffen. Bei den nicht
erneuerbaren Energietragern liegt die groBte installierte Kapazitdt bei Gas-und-Dampf-
Kombikraftwerken mit 26,3 GW, gefolgt von der Atomkraft mit 7,1 GW. Daneben stehen 5,6 GW
Kraftwerksleistung fur Kraft-Warme-Kopplung-Kraftwerke zur Verfligung und es sind aktuell
3,5 GW Leistung von Kohlekraftwerken installiert. (Eléctrica, 2024a)

Die Stromerzeugung in Spanien profitiert von einer hohen Anzahl an Sonnenstunden und hoher
Einstrahlung. Derjahrliche Solarertrag einer Solaranlage liegt bei optimaler Ausrichtung zwischen
1500-1850 kWh/kW,, was gut dem eineinhalbfachen Ertrag einer gleichwertigen Solaranlage in
Deutschland entspricht (IFEMA Madrid, 2022; ResearchGate, 2022; Solar resource maps and GIS
data for 200+ countries | Solargis, 2024). Staatliche Forderungen maéglichen Privatpersonen eine
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Ruckerstattung von knapp der Halfte der Installationskosten, was die Attraktivitdt von
Photovoltaik-Installationen weiter steigert (Energy Nordic, 2023; Liferay DXP, 2024).

Smart Meter Rollout und Digitalisierung im Stromsektor

Der Smart Meter Rollout bezieht sich auf die flachendeckende Einfihrung intelligenter Zahler, die
in Spanien als Contadores Inteligentes bekannt sind, welcher erst die Einfuhrung digitaler
Anwendungen in der Energiewende ermoglicht. Dabei sind drei digitale Use Cases —insbesondere
auch im Energy Sharing Kontext — von zentraler Bedeutung.

1. Echtzeitverbrauchsdaten: Smart Meter ermdglichen den Verbrauchern den Zugriff auf
Echtzeitdaten Uber ihren Energieverbrauch. Dies ermdglicht es ihnen, ihr
Verbrauchsverhalten besser zu verstehen und zu verbessern.

2. Fernauslesung: Die intelligenten Zahler ermdglichen eine ferngesteuerte Auslesung von
Verbrauchsdaten. Dies reduziert die Notwendigkeit von manuellen Ablesungen vor Ort
und erleichtert die Abrechnung flr Energieversorger. Durch die Fernauslesung kdnnen
Verbraucher und Netzbetreiber den Energieverbrauch in Echtzeit GUberwachen.

3. Zeitabhéangige Tarife: Die contadores intiligentes haben die EinfuUhrung von zeitabhangigen
Tarifen ermoglicht, bei denen die Kosten fur den Energieverbrauch je nach Tageszeit
variieren. Dies ermutigt Verbraucher dazu, ihren Verbrauch in Zeiten niedrigerer Nachfrage
zu verlagern, was zur besseren Ausnutzung erneuerbarer Energiequellen und zur
Reduzierung der Netzbelastung beitragt. Insbesondere der staatlich geregelte Stromtarif
PVPC spielt dabei eine zentrale Rolle, den knapp 50% aller Endkunden nutzen.

(Carracedo, 2019; Endesa, 2024b; Iberdrola, 2024)

Der Smart Meter Rollout in Spanien begann im Jahr 2010 und ist mittlerweile nahezu
abgeschlossen. GemaB den gesetzlichen Vorgaben der spanischen Regierung mussten alle
Haushalte und Kleinunternehmen bereits bis Ende 2018 mit intelligenten Zahlern ausgestattet
sein. Dabei wurde der Rollout intelligenter Zahler von der Regierung als Teil einer umfassenderen
Energiereform initiiert. Das Hauptziel bestand darin, den Energieverbrauch zu optimieren, den
Verbrauchern detailliertere Informationen Uber ihren Energieverbrauch bereitzustellen und die
Netze effizienter zu machen. Wichtig ist zu betonen, dass in Spanien durch den frihen Smart-
Meter Rollout keine steuerbaren Schnittstellen zu den Verbrauchern existieren, sondern lediglich
eine Echt-Zeit-Messung der Stromdaten maoglich ist. (Leiva et al., 2016, S. 229; Team, 2017)

Stromtarife und Einspeisevergiitung

Da in Spanien nahezu alle Haushalten mit Smart-Metern ausgestattet sind, ermoglicht dieses
eine Vielzahlvon Stromtarifoptionen, die in Deutschland erst jetzt eingeflihrt werden (Leiva et al.,
2016, S.229; Team, 2017). Endverbrauche konnen zwischen einem dynamischen Tarif mit
stundlicher Preisdifferenzierung (PVPC) oder einem nach Zeitrdumen abhangigen Tarif wahlen.
PVPC ist ein staatlich regulierter Stromtarif, bei dem der Strompreis auf Grundlage des Day-
Ahead-Marktpreises festgelegt wird. Neben Netzentgelte wird eine staatlich-fixierte Marge auf
den Preis erhoben. FUr den nach Zeitraumen abhangigen Tarif wird der Tag in drei Zeitraume
aufgeteilt. Abhangig von diesem und je nach Wochentag werden unterschiedliche Strompreise in
Rechnung gestellt. (Eléctrica, 2024c; Gallego-Castillo et al., 2021)

In der Vergangenheit wurde Endverbrauchern in Spanien bis 2018 der Eigenverbrauch von Solar-
Strom durch die Auferlegung wirtschaftlich nachteiliger Bedingungen erschwert (Immo Moraira
Cunat Weber, 2024). Die genehmigungsrechtlichen, technischen und wirtschaftlichen
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Voraussetzungen der Stromerzeugung mit Eigenverbrauch wurden erstmalig im Gesetz RD
900/2015 geregelt. In diesem Zusammenhang wurde eine ,,Sonnensteuer® eingefuhrt, die fur
Eigenverbraucher anfiel. Auf jede erzeugte Energieeinheit wurde eine Abgabe zwischen
0,05 €/kWh und 0,07 €/kWh erhoben. (Deutsche Handelskammer fur Spanien & Mittelstand
Global Exportinitiative Energie, 2019; Gallego-Castillo et al., 2021; Lopez Prol & Steininger, 2020)

Mit EinfUhrung des CEP mussen alle EU-Mitgliedsstaaten gewahrleisten, dass Renewable Self-
Consumer ihre erzeugte Energie ohne diskriminierende Umstande verkaufen konnen (EU-
Richtlinie 2018/2001 vom 11.12., 2018). Dieser Umstand trug dazu bei, dass die Sonnensteuer im
RD15/2018 aufgehoben und das Verglitungsschema compensacion simplificada fur
Uberschussige Energie eingefuhrt wurde (Biresselioglu et al., 2021; Frieden et al., 2020; Valdivia,
2019). Bei diesem Einspeisevergutungsmechanismus werden die Gestehungskosten der
Stromrechnung direkt um die Einspeisevergutung verringert (Banker, 2020). Die Hohe der
Vergutung pro eingespeister kWh wird dabei zwischen Versorger und Endkunden individuell
festgelegt (Gallego-Castillo et al., 2021; Lépez Prol & Steininger, 2020). Die maximale Vergutung
ist in Hohe der gesamten Stromgestehungskosten der Stromrechnung gedeckelt, so dass der
Endkunde keine Auszahlung erhalten kann (Deutsche Handelskammer fur Spanien & Mittelstand
Global Exportinitiative Energie, 2021; Lopez Prol & Steininger, 2020)

Besitzt der Endkunden einen PVPC-Vertrag, so wird die Vergutung anhand eines
Durchschnittspreises der Day-Ahead-Marktpreise ermittelt (Gallego-Castillo et al., 2021; Lépez
Prol & Steininger, 2020). Die eigenerzeugte und direkt selbstverbrauchte Energie ist, unabhangig
der Verwendung, von Abgaben und Steuern befreit (Banker, 2020; Lépez Prol & Steininger, 2020).
Einzig der Differenzbetrag zwischen saldierten Kosten der Stromversorgung mit der Vergutung fur
Uberschiisse unterliegt der spanischen Mehrwertsteuer (Deutsche Handelskammer fiir Spanien
& Mittelstand Global Exportinitiative Energie, 2019). Die gesamte Vergutung ist in Hohe des
Rechnungsbetrags gedeckelt. Ein Endkunde erhalt somit nie eine Auszahlung, sondern maximal
eine neutrale, ausgeglichene Rechnung (Deutsche Handelskammer fur Spanien & Mittelstand
Global Exportinitiative Energie, 2019; Gallego-Castillo et al., 2021; Jager-Waldau et al., 2019).

Das spanische Konzept fur Energy Sharing basiert auf einer Ausweitung des eben vorgestellten
Konzepts flir den Eigenverbrauch (Gallego-Castillo et al., 2021; Lépez Prol & Steininger, 2020).

4.2 Regulatorische Umsetzung von Energy Sharing

Energy Sharing Modalitaten im spanischen Gesetz

Das Gesetz RD 15/2018 ermoglicht allgemein die Durchfihrung von CSC in Spanien. Zusatzlich
wurde im Jahr 2019 das Gesetz RD 244/2019 erganzt, in welchem Voraussetzungen fur die
Durchfiihrung von CSC spezifiziert worden sind. (Biresselioglu et al., 2021; Frieden et al., 2020;
Gallego-Castillo et al., 2021)

Aus dem RD 244/2019 lassen sich zwei Kategorien von kollektivem Eigenverbrauch ableiten: der
kollektive Eigenverbrauch ohne Uberschiisse und mit Uberschiissen. Die folgenden vorgestellten
Modalitaten sind vor allem dem Leitfaden flr Energy Sharing (Guia de autconsumo colectivo)
entnommen, welches durch das IDAE veroffentlich worden ist. Das IDAE (Instituto para la
Diversificacion y el Ahorro de la Energia) ist eine 6ffentliche Einrichtung, die dem spanischen
Ministerium fur 6kologischen Wandel und Energiewende untersteht und Informationsmaterialen
fur die Durchfihrung von u.a. Energy Sharing ausgibt. Nach diesem Leitfaden sind zwei Energy
Sharing Modalitaten realisierbar: Kollektiver Eigenverbrauch ohne Uberschiisse oder mit
Uberschiissen.
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(Departamento Solar y Autoconsumo - IDAE, Instituto para la Diversificacién y Ahorro de la
Energia., 2023)

1. Eigenverbrauch ohne Uberschiisse

Hierbei handelt es sich um Anlagen, die an das Niederspannungs- oder Mittelspannungsnetz
angeschlossen und mit einem Einspeisungsschutzsystem ausgestattet sind, das die Einspeisung
von Uberschussenergie in das Netz verhindert. Der kollektive Eigenverbrauch ohne Uberschiisse
ermoglicht einen Uberschussausgleich, bei dem innerhalb des Kollektivs je nach Bedarf die
Uberschiisse verteilt werden.

Diese Form von CSC lasst sich nur innerhalb eines privaten Netzes realisieren, wie es in einem
Mehrfamilienhaus gegeben ist. Alle Teilnehmer befinden sich hinter einem gemeinsamen
Netzanschlusspunkt und sind durch an internes Netz direkt mit der PV-Anlage verbunden. Dabei
muss technisch gewéhrleistet werden, dass kein Uberschuss entsteht. Die Produktion der PV-
Anlage wird abgeregelt, sobald die erzeugte Energiemenge die Hohe des kollektiven Verbrauchs
Ubersteigt. So wird verhindert, dass Energie in das 6ffentliche Netz eingespeist.

(Banker, 2020; Departamento Solar y Autoconsumo - IDAE, Instituto para la Diversificacién y
Ahorro de la Energia., 2023; Lopez Prol & Steininger, 2020)

2. Eigenverbrauch mit Uberschiissen

Diese Anlagen liefern nicht nur Energie fir den Eigenverbrauch, sondern Uberschussige Energie
kann ebenfalls in das Netz eingespeist werden. Zu dieser Kategorie gehdren Anlagen, die
entweder durch ein internes Netz direkt mit den Endverbrauchern verbunden ist oder unter
Nutzung des Verteil- oder Ubertragungsnetzes mit den Endverbrauchern verbunden ist.

Innerhalb des Eigenverbrauchs mit Uberschiissen werden weiter zwischen zwei verschiedene
Sub-Kategorien differenziert:

A. Eigenverbrauch mit Uberschiissen zuléssig fiir die Einspeisevergiitung
Hier entscheiden sich Erzeuger und Verbraucher fur den eine vereinfachen
Vergutungsmechanismus, die sogenannte compensacion simplificada. Der Verbraucher
nutzt bei Bedarf Energie aus der Anlage und kann Energie aus dem Netz zukaufen, wenn die
Energie der Anlage nicht ausreicht. Die in das Netz eingespeiste Uberschussige Energie wird
in der Rechnung des Verbrauchers ausgewiesen und mit der aus dem Netz bezogenen Energie
saldiert.

Eine Anwendung dieser Modalitat setzt voraus, dass alle der nachfolgenden fiinf Bedingungen
erfallt sind:

e Die Primarenergiequelle der Erzeugungsanlage muss erneuerbaren Ursprungs sein.

e Die Gesamtkapazitat der zugehorigen Produktionsanlagen lGibersteigt nicht 100 kW.

e JederVerbraucher hatjeweils einen einzigen Liefervertrag fir den Eigenverbrauch und den
Zusatzverbrauch mit einem einzigen Energieversorger geschlossen.

e Der Verbraucher und der angeschlossene Erzeuger haben einen Vertrag zum Ausgleich
des Eigenverbrauchsliberschusses unterzeichnet. (dazu spater in der Beschreibung der
erforderlichen Dokumentation mehr)

e Die Erzeugungsanlage unterliegt keinem  Vertrag zum  Ausgleich des
Eigenverbrauchsuberschusses. Die Erzeugungsanlage unterliegt nicht der Erhebung einer
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zusatzlichen oder spezifischen Vergltung, wie es beispielsweise bei einer
Direktvermarktung der Fall ware.

B. Eigenverbrauch mit Uberschiissen nicht zulissig fiir die Einspeisevergiitung
Dieser Modus umfasst alle Eigenverbrauchsanlagen mit Uberschiissen, die die Kriterien der
vorherigen Kategorie nicht erfullen oder sich bewusst gegen eine Teilnahme entscheiden. In
diesem Fall wird die Uberschiissige Energie auf dem Strommarkt verkauft’.

Alle genannten Eigenverbrauchsarten konnen entweder individuell (mit einem einzigen
Verbraucher, der der Anlage zugeordnet ist) oder kollektiv (mit mehreren Verbrauchern, die der
Anlagen zugeordnet sind) durchgefuhrt werden. Auch konnen Speicherelemente bei jeder
Eigenverbrauchs-Modalitat hinzugefluigt werden. Um an einem dieser vorgestellten Modalitaten
teilnehmen zu kdnnen, mussen die Verbraucher zwingend einen Stromliefervertrag haben. Einem
Verbraucher kann jeweils nur eine Eigenverbrauchs-Modalitat zugewiesen sein.

Unabhéangig von der gewahlten Eigenverbrauchsart besteht die Mdglichkeit, dass verschiedene
naturliche oder juristische Personen Verbraucher und Eigentimer der Erzeugungsanlage(n) sind.
Daruber hinaus existiert die Moglichkeit, eine Gemeinschaft fur erneuerbare Energien zu griinden,
um den kollektiven Eigenverbrauch unter bestimmten Voraussetzungen zu erleichtern, sowie die
Maoglichkeit, einen Vertreter fur die angeschlossenen Verbraucher zu benennen.

Alternativ dazu kann der kollektive Eigenverbrauch durch Vereinbarungen zwischen Verbrauchern
frei ausgestalten werden, wobei Bevollmachtigte ernannt werden kénnen und als Vertreter und
Eigenverbrauchsmanager fungieren. Die Rolle des Eigenverbrauchsmanagers wird gesondert im
Kapitel mit Handlungsempfehlungen bei der Umsetzung von Energy Sharing aufgegriffen.

(Departamento Solar y Autoconsumo — IDAE, Instituto para la Diversificacidon y Ahorro de la
Energia., 2023)

Regulatorische Voraussetzungen und finanzielle Anreize

Die Voraussetzungen, dass zwischen einer Erzeugungsanlage und mehreren Endkunden
kollektiver Eigenverbrauch durchgefiihrt werden kann, lasst sich auf vier Bedingungen
runterbrechen. Dabei muss zwischen den jeweiligen Endkunden und der Erzeugungsanlage
mindestens eine der folgenden Bedingungen erfullt sein:

e Endkunde und Erzeugungsanlage verbindet ein internes Stromnetz,

e Endkunde und Erzeugungsanlage befinden sich im NS-Netz und sind mit der gleichen
Ortsnetzstation (ONS) verbunden,

e Endkunde und Erzeugungsanlage befinden sich jeweils im NS-Netz und haben eine
orthogonale Distanz von weniger als 2000m zueinander,

7 Alternativ zur compensacion simplificada existiert in Spanien ebenfalls die Direktvermarktung. Dabei
kann der Uberschuss direkt zu GroBhandelspreisen verkauft werden. Dabei fallt pro verkaufter
Energieeinheit eine Gebuhr fur den Zugang zum Markt an. Ferner fallt auf den aus dem Verkauf erzielten
Umsatz eine Erzeugungssteuer an. Lopez Prol und Steininger (2020); Rocha et al. (2021 - 2021)
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e Endkunden und Erzeugungsanlage befinden sich je an Orten, die in den ersten 14 Stellen
der Cadastral-Nummer® Gbereinstimmen.

(Banker, 2020; Departamento Solar y Autoconsumo — IDAE, Instituto para la Diversificaciény
Ahorro de la Energia., 2023; Frieden et al., 2020; Lopez Prol & Steininger, 2020)

Diese Bedingungen legen die Grundlage fur die gemeinschaftliche Allokation einer PV-Anlage,
womit sich erzeugte Energie zwischen Endkunden aufteilen lasst. Es wird auf die innerhalb der
Endkunden geteilte Energie keine Steuern oder Abgaben erhoben. Ferner wird trotz Energy Sharing
Uber das offentliche Netz kein Netzentgelt fur diese Energie erhoben, weder auf Erzeuger- noch
auf Abnehmerseite (Departamento Solar y Autoconsumo - IDAE, Instituto para la Diversificacion
y Ahorro de la Energia., 2023; Deutsche Handelskammer fur Spanien & Mittelstand Global
Exportinitiative Energie, 2021; Lopez Prol & Steininger, 2020). Diese Befreiung von Netzentgelten
gilt aber nur temporéar far aktuelle Pilotprojekte; eine Aufhebung dieser Befreiung wird in
nachfolgenden Regulierungen ab 2025 erwartet (Banker, 2020; Lopez Prol & Steininger, 2020;
Rocha et al., 2021).

Allgemein gilt, dass die Endkunden innerhalb des Kollektivs auch bei unterschiedlichen
Energieversorgern unter Vertrag stehen kénnen (Banker, 2020). Weiter setzt der spanische
Gesetzgeber auf Eigenverantwortung bei der Ausgestaltung der Vertrage innerhalb des Kollektivs.
Die Endkunden innerhalb des Kollektivs unterzeichnen ein Abkommen, in dem die Anteile der PV-
Anlage untereinander vergeben werden. Diese Anteile sind gleichbleibende Koeffizienten,
ergeben in Summe eins und sind entweder dynamisch auf stindlicher Basis oder flr ein Jahr
feststehend (naheres im Folge-Kapitel: Prozess und Umsetzung). (Banker, 2020; Rocha et al.,
2021)

4.3 Involvierte Parteien beim Energy Sharing

Innerhalb des Energy Sharings sind verschiedene Rollen und Parteien involviert. Dabei orientiert
sich die folgende Rollen-Definition stark an der spanischen Regulatorik. Diese Rollen sind dem
abermals dem Leitfaden fur Energy Sharing (Guia de autconsumo colectivo) entnommen. Nach
diesem Leitfaden sind Folgende Rolle bzw. folgende Stakeholder in den Prozess des Energy
Sharings eingebunden: (Departamento Solar y Autoconsumo - IDAE, Instituto para la
Diversificacion y Ahorro de la Energia., 2023)

Rollen-Name (DE/ES) Beschreibung

Assoziierte Endkunde
(consumidor asociado)

Assoziierter Erzeuger
(productor asociado)

Inhaber der
Erzeugungsanlage

Hierbei handelt es sich um eine nattrliche und juristische Person, die als
Stromverbraucher an einem Netz-Anschlusspunkt angeschlossen sind.
Er kann entweder direkt in einem internen Netz (Anwendungsbeispiel:
Mehrfamilienhaus) mit einer strom-erzeugenden Anlagen befinden und
Uber das offentliche Netz mit dieser verbunden sein.

Bei dieser Person kann es sich um eine natlrliche oder juristische
Person handeln. Diese Person wird in das spanische Verwaltungsregister
der Stromerzeugungsanlagen (RAIPEE) [ahnlich dem deutschen
Marktstammdatenregister] als Erzeuger eingetragen und ist unter
bestimmten Umstanden fur die Vermarktung der Uberschussigen
Energie verantwortlich.

Ist diejenige Person (naturlich oder juristisch), die als Inhaber oder
Besitzer fur die Erzeugungsanlage in den Eigenverbrauchsregistern

8 Die Cadastral-Nummer ist vergleichbar mit der Postleitzahl und Adresse in Deutschland. Diese Nummer
ist eine 20-stellige Zahl und wird eindeutig zu jeweils einer Immobilie zugeordnet.
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(titular de la instalacién de
Generacidon de autoconsumo)
Eigentiumer der
Erzeugungsanlage
(propietario de la instalacion de
genercion en autoconsumo)

Energieversorgungs-
unternehmen (EVU)
(empresa comercializadora)

Ausfiihrendes
Installationsunternehmen
(empresa instaladora
habilitada)

Verteilnetzbetreiber
(empresa distribuidora)

Netzbetreiber
operador del sistema

Messstellenbetreiber
(encargado de la lectura)

eingetragen ist. Diese Person obliegt die Verantwortung fur die
sachgemaBe Installation und die Anmeldung der Anlage.

Diese Person tragt sich als Eigentimer einer Eigenverbrauchs-
Erzeugungsanlage in die entsprechenden Unterlagen ein. Bei kollektiven
Eigenverbrauchsanlagen wird das Eigentum auf alle angeschlossenen
Verbraucher verteilt.

Diese Unternehmen verkaufen Strom an Verbraucher durch
Liefervertrage. Die Versorger bieten auf dem freien Markt elektrische
Energie an und verhandeln mit den Kunden Uber die Lieferung zu
vereinbarten Preisen. Grundversorger sind verpflichtet, die Lieferung
zum sog. freiwilligen Kleinverbraucherpreis (PVPC) [stlindlich-variabler
Stromtarif mit staatlich fixierten Margen] anzubieten. Wenn ein
Verbraucher keinen Einzelhandler hat, ist der Grundversorger
verpflichtet, die Lieferung zu Gbernehmen.

Hierbei handelt es sich um Einzelpersonen oder Unternehmen, die die
Installation der Anlage durchfihren. Diese Unternehmen kdnnen
stellvertretend fur das Kollektiv mit dem Netzbetreiber und Behorden fur
die Anmeldung und Legalisierung der Anlage kommunizieren.

Diese Unternehmen sind Eigentimer des Verteilnetzes und verwalten,
betreiben und warten dieses Netz. Sie bewerten die Antrage auf Zugang
und Anschluss und kénnen diese genehmigen oder ablehnen. AuBerdem
stellen sie den EVUs die erforderlichen Daten fur die Abrechnung von
Energie, Tarifen, GebUhren und Abgaben zur Verfigung.

In Spanien fungiert die Red Eléctrica de Espana (REE) als Netzbetreiber.
Ihre Hauptaufgabe besteht darin, die Stromversorgung zu sichern und
Produktion und Transport elektrischer Energy zu koordinieren. Sie regelt
den Zugang zum Ubertragungsnetz und genehmigt Anlagen mit einer
Kapazitat von mehr als 1 MW.

Dieser Akteur fithrt beim Energy Sharing die Inspektion und Uberprifung
von Messanlagen durch, liest elektrische Energiemesssysteme ab,
berechnet Verluste und stellt dem Netzbetreiber und anderen
Beteiligten Daten zur Verfigung. An den Netzanschlusspunkte von
Endverbraucher mit einer Anschlussleistung <450kW nimmt in Spanien
der Verteilnetzbetreiber diese Aufgabe wahr.

4.4 Prozess und Dokumentation

Fur die Darstellung des Prozesses und der Dokumentation wurden die offiziellen autoconsumo
colectivo Guidelines der IDAE analysiert. Die Guidelines werden fortlaufend aktualisiert; fur
diesen Bericht wurden die Version aus dem Juni 2023 verwendet. Die Ausarbeitung des Prozesses
zur Anmeldung von Energy Sharing Anlagen hilft dabei die zweite Forschungsfrage zu
beantworten, indem die praktische Umsetzung aufgezeigt wird. Anhand der Prozess-Darstellung
werden im darauf folgenden Kapitel die Problemfelder analysiert, die aus den einzelnen

Prozessschritten stammen.

Der Prozess fur die Anmeldung und Aktivierung einer kollektiven Eigenverbrauchsanalage erfolgt
in den ersten vier Schritten analog wie die Anmeldung einer individuellen Eigenverbrauchsanlage
bei der lediglich ein Endverbraucher involviert ist. Erst ab dem funften Schritt sind zusatzliche
Dokumentationen erforderlich.

1. Genehmigungen
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Vor der Installation von Solarmodulen oder elektrischen Eigenverbrauchssystemen miussen
Privatpersonen und Unternehmen die Verfahren einhalten und die erforderlichen Unterlagen
sowohl bei der ortlichen Gemeinde (Ayuntamiento) als auch bei der Regionalregierung (gobierno
autondémico) einreichen. Die spezifischen Anforderungen sind in den kommunalen Vorschriften
des jeweiligen Ortes festgelegt. Je nach den ortlichen Vorschriften kann das Verfahren eine
Erklarung Uber die Verantwortlichkeit fur den Bau oder eine vorherige Anmeldung beinhalten.
Fuar Eigenverbrauchsanlagen, die uberschussigen Strom erzeugen und eine Erzeugungsleistung
von weniger als 100 kW aufweisen, sind in der Regel keine Umweltvertraglichkeitsprufungen und
keine Genehmigungen der Regionalregierung erforderlich, wodurch vereinfachte Prozesse
angewendet werden kdénnen.

2. Anfrage Eigenverbrauchs-Nummer / CAU (Cddigo de autoconsumo)

Der CAU ist ein numerischer Code, der zur Identifizierung von Eigenverbrauchsanlagen verwendet
wird. Dieser Code wird vom Netzbetreiber zur Verfigung gestellt und muss wahrend des
Installationsprozesses bei der regionalen Verwaltung eingereicht werden.

3. Vertragsanpassung mit dem Versorgungsunternehmen

Sobald die Regionalverwaltung die Daten Uber die Eigenverbrauchsanlage an die
Energieversorger Ubermittelt hat, muss der Verbraucher deren Richtigkeit innerhalb von zehn
Werktagen bestatigen. Der Energieversorger muss dem Endkunden eine Vergutung fur die
Uberschiisse anbieten und den Liefer-Vertrag an die gewéhlte Eigenverbrauchs-Modalitét
anpassen.

4. Elektroinstallationsbescheinigung / CIE (Certificado de instalacion eléctrica)

Die CIE ist ein Dokument, das die Sicherheit und den ordnungsgemaBen Zustand der
Eigenverbrauchsanlage bescheinigt. Sie ist erforderlich, um den die abschlieBende Aktivierung
des Eigenverbrauches vorzunehmen und auch um Stromliefervertrag in der Zukunft zu andern.
Die CIE enthalt verschiedene Angaben, z. B. Registrierungs- und Referenznummern, Angaben
zum Anlageneigentiimer, Anlagendetails sowie Informationen zur Uberpriifung und Inspektion.

5. Vergutungsvertrag fur Uberschussige Energie / Contrato de Compensacion de Excedentes
Dieser Vertrag ist flr den Betrieb von gemeinschaftlichen Eigenverbrauchsanlagen unerlasslich.
Es handelt sich um einen Vertrag zwischen dem Energieerzeuger und dem angeschlossenen
Verbraucher fur den Fall, dass Uberschussige Energie erzeugt wird. Der Vertrag vereinfacht den
Ausgleich von Energiedefiziten und regelt die Nutzung von Uberschussenergie. Er enthélt
Angaben Uber den Energieerzeuger, die Anlage und den Verbraucher. Der Vertrag muss von beiden
Parteien unterzeichnet werden und folgt vordefinierten Bestimmungen. Insbesondere
unterzeichnen die Verbraucher folgenden Klausel:

»Die Unterzeichner sind sich bewusst, dass die stindlich Uberschissige Energie des
Verbrauchers nicht als Energie betrachtet wird, die in das Stromnetz eingespeist wird, und folglich
von der Zahlung der Geblhren befreit ist, die im RD 1544/2011 vom 31. Oktober festgelegt sind,
dass die Geblihren fiir den Zugang zu den Ubertragungs- und Verteilnetzen definiert, die von den
Stromerzeugern zu zahlen sind. Ebenso sind sich die Unterzeichner bewusst, dass der Erzeuger
nicht an einem anderen Mechanismus flir den Verkauf der erzeugten Energie teilnehmen darf.”

(Ubersetzung aus (Departamento Solar y Autoconsumo — IDAE, Instituto para la Diversificacién y
Ahorro de la Energia., 2023))

Mit dieser Bestimmung wird die rechtliche Grundlage fur die gebuhrenfreie Nutzung des Netzes
gelegt.
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6. Verteilungs-Vereinbarung / Acuerdo de reparto

Beim kollektiven Eigenverbrauch mussen sich die Verbraucher, die derselben Erzeugungsanlage
angehoren, Uber die Verteilung der Energie einigen. Diese Vereinbarung umfasst zwei
Hauptdokumente:

e FEinevon allen angeschlossenen Verbrauchern unterzeichnete Verteilungsvereinbarung
e FEine .txt-Datei, die die Koeffizienten zwischen den Verbrauchern festhalt

Ein Mustervertrag fur die Verteilungsvereinbarung ist untenstehend aufgezeigt:

ACUERDO DE REPARTO DE ENERGIA DE AUTOCONSUMO COLECTIVO
INSTALACIONES CON EXCEDENTES
ACOGIDAS A COMPENSACIGN Les rogamos reciban esta comunicacién y procedan a realizar los trdmites necesarios.

Del mismo modo, les solicitamos la aplicacién del mecanismo de compensacion simplificada de
los excedentes de la instalacién de auteconsumo a la gue nos asociamos, y el inicio del

En aplicacion del Real Decreto 244/2019 de 5 de abril, los siguientes consumidores acordamos - - ) i .
mecanismo de compensacion en el siguiente periodo de facturacién desde la recepcidn de este

asociarnes a la instalacién de autoconsumo colectivo de energia eléctrica con las siguientes
caracteristicas: acuerdo.
CON excedentes

Acogida a compensacion

En a de de20_ .

CODIGO DE AUTOCONSUMO

[CAU;

Los CONSUMIDORES asociados:
(Completar para cada consumidor asociada)

COEFICIENTE

CONSUMIDOR ASOCIADO e cups DE {Completar para cada consumidor asociodo)
[titular del suministro) REPARTO COMSUMIDOR ASOCIADO 10 CONSUMIDOR ASOCIADO 2: CONSUMIDOR ASOCIADO 32
(8)
1
2
3
NIF: NIF: NIF:

(Si existen varios productores con instalaciones de generacion asociadas ol outoconsumo, completar para Los PRODUCTORES aseciados:
cada uno de elios)

P"ODUCTDR,’Z‘SOC'ADD . NIF i ErElelEuE {Completar para cada productor asociado)

(titular de Ia instalacidn de generacién) (@)

1 PRODUCTOR 1 PRODUCTOR 2
2]

Con Ia firma del presente acuerdo, los consumidores nos acogemos voluntariamente al

mecanismo de compensacién simplificada entre los déficits del consuma de cada consumidor IF IF
v Ia totslidad de los excedentes de la instalacién de autoconsumo, tal como establece el Real

Decreto 244/2019, de 5 de abril.

Abbildung 3: Mustervertrag: Verteilungs-Vereinbarung nach den Richtlinien der IDAE

In diesem werden mit dem B-Koeffizienten die Erzeugung aufgeteilt. Hierbei kann entweder auf
statische oder alternativ auf dynamische Koeffizienten zuruckgegriffen werden. Diese
Koeffizienten kdnnen auf der Grundlage des Verbrauchs, der finanziellen Beteiligung oder anderer
Kriterien festgelegt werden. Statische Koeffizienten sind jeweils ein fester Koeffizient zwischen 0
und 1, der Uber das gesamte Jahr gleichbleibend ist. Alternativ kann Uber einen dynamischen
Koeffizienten fUr jede Stunde des Jahres ein Sharing-Koeffizient festgelegt werden. In Summe
mussen die Koeffizienten aller Endkunden fiir jede Stunde eins ergeben. Uber den a-Koeffizienten
wird das Eigentum an der Erzeugungsanlage aufgeteilt, sollten bspw. mehrere Endkunden in die
Anlage gemeinschaftlich investiert haben.

Uber die CUPS werden die Verbraucher eindeutig identifiziert. Die CUPS (Cédigo Universal del
Punto de Suministro) ist in Spanien eine eindeutige Identifikationsnummer fur einen bestimmten
Strom- oder Gasversorgungspunkt, wobei jeder physische Ort, an dem Strom oder Gas geliefert
wird, eine Nummer zugeordnet ist. Die CUPS-Nummer setzt sich aus einer Kombination von
Zahlen und Buchstaben zusammen und enthalt Informationen Uber den Verteilnetzbetreiber, die
Region und den spezifischen Versorgungspunkt. Die Vereinbarung wird dem Energieversorger
zusammen mit dem CIE zur Aktualisierung des Liefervertrags vorgelegt.

(Departamento Solar y Autoconsumo — IDAE, Instituto para la Diversificacidon y Ahorro de la
Energia., 2023)
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5. Enabler & praktische Umsetzung in Spanien

5.1 Hiirden in der praktischen Umsetzung von Energy Sharing

Die Ergebnisse dieses Kapitels basieren auf zwei wesentlichen Quellen. Einerseits wurde von der
APPA Renovables® im Juli 2023 eine Stellungnahme veroffentlich, in der die Probleme bei der
Umsetzung von autoconsumo colectivo adressiert werden und MaBnahmen sowie Empfehlung
zur Beseitigung dieser vorgelegt wurden. Dieser Bericht wurde von allen relevanten Unternehmen
im Bereich des autoconsumo colectivo gemeinsam verfasst. Die Aussagen dieses Berichtes
wurden ferner in qualitativen Interviews mit weiteren Fachexperten validiert und erganzt. Eine
Kurzubersicht Uber die zentralen Aussagen der gefuhrten Interviews findet sich im Anhang.

Seit der Aufhebung der Sonnensteuer im Jahr 2018 und dank umfassender regulatorischer
Unterstltzung, erlebt der Eigenverbrauch in Spanien aktuell einen beispiellosen Boom. Dabei ist
die Anzahlder installierten Leistung in den letzten finf Jahren um 1 200 % gestiegen. Im Jahr 2021
wurde ein Zuwachs an neuer installierter Eigenverbrauchsleistung von 1 203 MW verzeichnet und
im Jahr 2022 ein Plus von 2 507 MW registriert. Dabei verteilten sich die installierten Kapazitaten
zu 47 % auf industrielle Anlagen (50 - 100 kWp), gewerbliche Anlagen (10 - 50kWp) auf 20 % und
zu 32 % auf Haushalte (< 10 kWp). (Appa Autoconsumo, 2023)

Entwicklung der jahrlichen Neu-Installation von PV- 5249
Eigenverbrauchsanlagen in Spanien in MW

2507
596 1203
459
49 55 122 236
— [ [ ]
2015 2016 2017 2018 2019 2020 2021 2022 Gesamt

Abbildung 4: Entwicklung Neu-Installation Eigenverbrauchsanlagen in Spanien (Alianza por el
Autoconsumo, 2023b)

Der Anteil von neuen kollektiven Eigenverbrauchsanlagen macht aber insgesamt nur 1%
aller neu installierten Eigenverbrauchs-Anlagen aus (Alianza por el Autoconsumo, 2023b).
Bereits aus dieser Zahl lasst sich ableiten, dass die Installation von Kkollektiven
Eigenverbrauchsanlagen mit vielen Hindernissen in der Praxis verbunden ist.

Trotz des exponentiellen Wachstums des individuellen Eigenverbrauchs in den letzten zwei Jahren
gibt es immer noch zahlreiche Hindernisse flur die Entwicklung des kollektiven Eigenverbrauchs.
Einige dieser Hindernisse sind darauf zurlickzufuhren, dass der Eigenverbrauch erst vor kurzem
auf dem Markt und in der Gesellschaft eingefihrt wurde, was zu einem mangelnden Bewusstsein
bei Burgern und Behdrden gefuhrt hat. In anderen Fallen sind diese Hindernisse auf schlechte
Praktiken und mangelnde Zusammenarbeit zurtckzufuhren, wobei einige Akteure des Energie-
Sektors (insbesondere Versorgungsunternehmen) ihre Macht missbrauchen und eine
blockierende Haltung einnehmen (Alianza por el Autoconsumo, 2023b). Diese Dynamik wirkt sich

9 APPA Renovables ist die Spanische Vereinigung der Unternehmen fr EE und setzt sich fiir unterstiitzende
politische MaBnahmen ein und arbeitet mit der Regierung zusammen, um die Entwicklung von EE zu
fordern. Dabei spielt APPA eine entscheidende Rolle bei der Férderung des Wachstums der Branche und
insbesondere bei der Aufklarung von wettbewerbsverzerrenden MaBnahmen sowie regulatorischen
Irrtimern. Appa Renovables (2023)
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negativ auf die Ausweitung des Eigenverbrauchs aus. Insgesamt lassen sich die nachfolgenden
geschilderten Probleme in drei Cluster einordnen:

e Gesellschaftliche Probleme
e Mangelnde Anpassung der Netzbetreiber und EVU an Rechtsvorschriften
e Unangemessene burokratische Verzogerung und zuséatzliche Prozess-Schritte

Gesellschaftliche Hiirden bei Umsetzung autoconsumo colectivo Projekten

Eine groBe Herausforderung bei der Umsetzung und Initilerung von geteilten Solar-Installationen
zur gemeinsamen Nutzung von Energie ist der erhebliche Mangel an Wissen und Bewusstsein bei
den Beteiligten (#A1, 2023; Alianza por el Autoconsumo, 2023b). Das Konzept autoconsumo
colectivo ist weiterhin vergleichsweise neu und vielen potenziellen Teilnehmern noch nicht
bekannt. Dadurch stoBt man bei Wohnungseigentimern auf Unverstandnis und es erfordert lange
Aufklarungsprozesse, bis das Konzept an sich Uberhaupt vorgestellt ist (#A1, 2023; #A7, 2023).

Durch das mangelnde Wissen resultieren wiederum mehrere Subprobleme. Erstens kennen die
Menschen weder die Vorteile, Moglichkeiten und Mechanismen, die mit der gemeinsamen
Nutzung von Energie verbunden sind. Das mangelnde Wissen macht es schwierig, Interesse und
Unterstutzung fur solche Initiativen zu wecken (#A7, 2023). Die Unkenntnis fihrt haufig zu Skepsis
und Zuruckhaltung fahren, sich auf ein Konzept einzulassen, das nicht allgemein bekannt ist.
Infolgedessen ist die allgemeine Akzeptanz von Systemen zur gemeinsamen Nutzung von Energie
begrenzt, was ihre erfolgreiche Umsetzung behindert (#A1, 2023; #A7, 2023; Alianza por el
Autoconsumo, 2023b).

Eine weitere groBe Herausforderung noch vor der eigentlichen Installation ist die Notwendigkeit,
die Zustimmung der Eigentimer in einer Gemeinschaft zu erreichen. Der Gesetzestext erfordert
die Uberzeugung von 33 % aller Eigentiimer (Departamento Solary Autoconsumo — IDAE, Instituto
para la Diversificacion y Ahorro de la Energia., 2023). Dabei ist hier das groBte Problem, dass die
Zustimmung innerhalb einer Eigentimerversammlung eingeholt werden muss, wobei diese
Versammlung nur sehr sporadisch abgehalten werden (#A2, 2023; #A7, 2023). Es hat sich gezeigt,
dass es aus verschiedenen Grinden schwierig ist, die Eigentimer von der Teilnahme am Energy
Sharing zu Uberzeugen. Viele haben nur begrenztes Vertrauen in das neue Konzept und die
potenziellen Vorteile, wahrend andere es als komplizierten oder zeitaufwandigen Prozess
ansehen (#A7, 2023). Daruber hinaus sind wirtschaftliche Faktoren wie die anfanglichen Kosten
fur die Installation und mogliche Storungen wahrend der Umsetzung bei den Eigentimern
abschreckende Argumente (#A1, 2023; #A2, 2023). Dadurch gestaltet sich der
Zustimmungsprozess als ein langwieriger und komplexer Prozess. Somit ist die erste erhebliche
Hurde fur die erfolgreiche Umsetzung von Energy Sharing Konzepten bereits einen Konsens
zwischen allen Beteiligten zu erreichen und die Vorbehalte zu Uberwinden. Selbst in dem Fall der
kollektiven Zustimmung ergibt sich noch ein weiteres Konfliktpotential. Das Konzept
autoconsumo colectivo lasst sehr unterschiedliche finanzielle Beteiligungsmodelle zu, wodurch
die Einigung auf die Teilungskoeffizienten nicht eine eindeutige Entscheidung zulasst und
Konfliktpotential birgt (Alianza por el Autoconsumo, 2023b).

Mangelnde Anpassung der Netzbetreiber und EVU an Rechtsvorschriften

Wahrend des Installationsprozesses treten weitere Herausforderungen, die eine zeithahe und
effiziente Umsetzung der Systeme beeintrachtigen. Die Haupt-Herausforderungen bestehen in
dem langwierigen Prozess der Kontaktaufnahme mit dem Verteilnetzbetreiber und dem
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Energieversorger bei der Anmeldung der Anlage (#A1, 2023; #A6, 2023; Alianza por el
Autoconsumo, 2023a).

Hier kommt insbesondere das Problem des mangelnden Unbundlings in Spanien zum Tragen.
Wahrend rechtlich ein Unbundling herrschen sollte, dominieren finf Stromanbieter mit
kumulierten 90% Marktanteil den Strommarkt (RUEDA, 2024). Vier dieser Stromanbieter
betreiben gemeinschaftlich das Verteilnetz in Spanien. Der Prozess, dass die geteilte Anlage in
das Netz angemeldet wird, wird dabei von den Netzbetreibern haufig verzdgert oder aber Antrage
werden ohne Ruckmeldung nicht genehmigt (#A1, 2023; #A6, 2023). Dabei ergibt sich ein
langwieriger Prozess, der bis zu sechs Monate oder langer dauert. Diese lange Bearbeitungsdauer
— nur fur den Zugang zur Netzverbindung - fuhrt zu erheblichen Verzégerungen bei der
Implementierung von Energy Sharing-Systemen (Alianza por el Autoconsumo, 2023a).

Fur das spanische Konzept autoconsumo colectivo ist es nicht erforderlich, dass alle beteiligten
Parteien bei dem gleichen Stromversorger unter Vertrag stehen (#A3, 2023; Departamento Solar
y Autoconsumo - IDAE, Instituto para la Diversificacién y Ahorro de la Energia., 2023). Im zweiten
Schritt der Anmeldung wird durch den Netzbetreiber der Energieversorger Uber die gemeinsame
Eigenverbrauchsregelung informiert. Dabei existiert die Moglichkeit, dass Energieversorger direkt
durch den Netzbetreiber benachrichtigt wird oder alternativ, dass der Endkunde direkt an seinen
Energieversorger mit der erforderlichen Dokumentation herantritt (Departamento Solar y
Autoconsumo - IDAE, Instituto para la Diversificacion y Ahorro de la Energia., 2023). Bei diesem
Schritt divergiert aktuell die Regulatorik weit von der Praxis auseinander. Dadurch, dass fehlende
Standardisierung von Verfahren und Anforderungen seitens des Regulators gegeben sind,
erschweren die Energieversorgern die Umsetzung solcher Konzepte (#A3, 2023; Alianza por el
Autoconsumo, 2023a). Bei diesem Schritt existiert eine rechtliche Grauzone, so dass jeder
Versorger eigene Voraussetzungen und Regeln fur den Umgang mit der gemeinsamen
Eigenverbrauchsregelung festlegen (#A3, 2023). Diese fehlende Standardisierung fuhrt zu
zusatzlichen Komplexitaten, da unterschiedliche Anforderungen fir jeden Energieversorger
erfullt werden mussen. Die Koordination mit mehreren Energieversorgern und die Einhaltungihrer
individuellen  Richtlinien  verursachen weitere Verzogerungen und administrative
Herausforderungen wahrend des Installationsprozesses.

Es herrscht weit verbreitetes Unwissen innerhalb der Energieversorger Uber den
Aktivierungsprozess von individuellen Selbstverbrauchsvertragen, was zu wiederholtem
Versenden derselben Unterlagen und Eroffnungen von Akten flar denselben Fall fiUhrt. Damit wird
die effektive Aktivierung des Eigenverbrauchs fur jedes Mitglied des Kollektivs erheblich verzogert.
Daruber hinaus ist die Kommunikation zwischen Netzbetreibern und Energieversorgern
mangelhaft, was zu noch weiteren Verzogerungen fuhrt. (#A1, 2023; #A3, 2023; Alianza por el
Autoconsumo, 2023a)

Insgesamt zeigte sich in der Auswertung des APPA-Reports und der Interviews, dass
Netzbetreiber zusammen mit den Energieversorgungsunternehmen das groBte Bottleneck flr die
Anmeldung von kollektiv geteilten Anlagen darstellen. Die Verzogerung fuhrt zu wirtschaftlichen
Verlusten fur die Endkunden, da die Anlage haufig schon bezahlt ist, aber nicht an das Netz
angeschlossen ist.

Unangemessene biirokratische Verzogerung und zusétzliche Prozess-Schritte

Auch werden vom Energieversorger Ubertriebene Anforderungen an Anschlussanderungen
gestellt, die Uber den geforderten Standard hinausgehen (#A1, 2023; #A3, 2023; #A6, 2023;
Alianza por el Autoconsumo, 2023a). Es gibt zwingende Erneuerungen von
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Verbindungseinrichtungen und Anpassungen von Schaltungskasten, die mit redundanten
InstallationsmaBnahmen durchgefuhrt werden mussen (#A1, 2023; Alianza por el Autoconsumo,
2023a). Solche Anforderungen werden manchmal nach Beschwerden aufgrund ihrer
Unangemessenheit zuriickgezogen (#A3, 2023; Alianza por el Autoconsumo, 2023a).

Im Fall einer erfolgreichen Anmeldung kann es dennoch dazu kommen, dass die Versorger keine
monatlichen Ablesungen der Zahler fur individuellen oder kollektiven Selbstverbrauch senden,
wodurch Verbraucher nicht von ihrer Uberschusskompensation profitieren kénnen. Sie erhalten
keine Rechnungen und haben dementsprechend auch keine Informationen tUber ihren Verbrauch.
Als Grund wird hier von den Versorgern auf IT-Probleme verwiesen. (#A1, 2023; #A4, 2023; Alianza
por el Autoconsumo, 2023a)

Obwohl im RD 14/2022 eine Hochstfrist von 2 Monaten fur die Aktivierung von kollektiven
Eigenverbrauchsanlagen vorgesehen ist, betragt die Zeitspanne in der Realitdt mindestens zehn
Monate und kann bis zu 24 Monate dauern (#A4, 2023; Alianza por el Autoconsumo, 2023a). Dabei
zeigen sich zwei zentrale Probleme, die immer wieder auftreten:

Aufgrund von mangelndem Interesse das Konzept autoconsumo colectivo zu unterstltzen, sowie
aufgrund fehlender Verfahren oder Systemaktualisierungen gibt es die schlechte Praxis, dass bei
der Antwortzeit stark seitens des Energieversorgers verzogert wird und Akten trotz eingereichter
Beschwerden unbeantwortet gelassen werden. Dies geschieht, um das Beantworten von
Ruckfragen zu kollektivem Selbstverbrauch zu vermeiden, Bauprojekte zu stoppen oder die
Aktivierung von Kompensationen zu verzogern (#A6, 2023; Alianza por el Autoconsumo, 2023a).
Einige Versorger bendtigen uber einen Monat, um zu antworten, und in manchen Fallen werden
Akten ohne Erklarung wieder geschlossen, was dazu fuhrt, dass Akten bis zu sieben Mal
wiedereroffnet werden muissen und die Prozesse somit bis zu 2 Jahre dauern (Alianza por el
Autoconsumo, 2023a).

Ferner ist es Ublich, dass die Vorlage von Dokumenten oder MaBnahmen verlangt werden, die
rechtlich nicht erforderlich oder unangemessen sind, und bei Nichtvorlage den Fortschritt von
Antragen zu blockieren. Beispiele hierflir sind: die ausdruckliche Anforderung einer
Anschlussverbindung flr die Installation, die Anforderung der Seriennummern aller Solarmodule
nach Abschluss der Installation; Anforderung von Fotos und Installation eines weiteren
Schaltkastens, wobei keiner dieser Aktivitaten rechtlich vorgesehen sind (#A1, 2023; #A4, 2023;
Alianza por el Autoconsumo, 2023a).

Um diese Herausforderungen zu bewaltigen und die erfolgreiche Umsetzung von Energy Sharing-
Konzepten zu ermdglichen, wurden verschiedene Losungsanséatze seitens der IDAE und APPA
vorgestellt.

5.2 Vorstellung von spanischen Losungsanséatzen

Lésungsansatz Eigenverbrauchsmanager (Gestor del autoconsumo colectivo)

Um die Bearbeitung der autoconsumo colectivo-Verfahren zu beschleunigen, wurde im Juli 2023
die Person des Gestor del autconsumo colectivo (deutsch: Eigenverbrauchsmanager)
geschaffen, der als Vertreter der angeschlossenen Verbraucher fur die Kommunikation mit den
am Eigenverbrauch beteiligten Akteuren, wie Netzbetreiber und Stromversorgern, fungiert. Diese
Rolle kann implementiert werden, sobald die Installation durch das Kollektiv beschlossen worden
ist und das Verfahren zur Legalisierung der Anlage bei der zustandigen Stelle der autonomen
Gemeinschaft eingeleitet wurde. Die Rolle des Eigenverbrauchsmanagers resultiert nicht aus
einem konkreten Gesetz, sondern geht implizit aus der spanischen Gesetzgebung hervor. Diese
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Rolle wurde erstmalig im Juli 2023 durch die IDAE in die offiziellen Richtlinien aufgenommen.
Somit basieren auch folgende Informationen wieder auf (#A3, 2023; Departamento Solar y
Autoconsumo - IDAE, Instituto para la Diversificacion y Ahorro de la Energia., 2023)

Der Eigenverbrauchsmanager kann jede naturliche oder juristische Person sein, unabhangig
davon, ob sie Teil des Kollektivs ist oder nicht, d.h. es kann sich um einen Verbraucher, einen
Erzeuger, einen Eigentimer, einen Hausverwalter, einen Vorsitzenden der
Eigentumergemeinschaft oder einen Dritten handeln. Auch sind autorisiertes
Installationsunternehmen oder ein speziell auf diese Prozesse Dienstleister als Anbieter denkbar.

Zu den Hauptaufgaben eines Eigenverbrauchsmanagers gehoren:

1. Reprasentation: Er vertritt die am kollektiven Eigenverbrauchssystem teilnehmenden
Verbraucher und stellt sicher, dass ihre Interessen und Rechte wahrend des gesamten
Prozesses gewahrt werden.

2. Kommunikation: Erleichterung einer effektiven Kommunikation zwischen den
Verbrauchern und den Energieversorgern. Dies kann die Ubermittlung von Informationen,
das Ansprechen von Bedenken und das Verhandeln im Namen der Verbraucher
beinhalten.

3. Unterstitzung bei Verfahren: Unterstutzung der Verbraucher bei der Bewaltigung der
Verwaltungsverfahren und -anforderungen im Zusammenhang mit dem kollektiven
Selbstverbrauch.

(#AS3, 2023; Departamento Solar y Autoconsumo — IDAE, Instituto para la Diversificacion y Ahorro
de la Energia., 2023)

Die beiden nachfolgenden Losungsansatze wurden hingegen von der APPA in ihrem Bericht (Appa
Autoconsumo, 2023) angeregt, um die Energy Sharing Prozesse weiter zu verbessern.

Staatliche Standardisierung und zentralisierte Anlaufstelle fiir Abwicklung Eigenverbrauch

In den Herausforderungen wurden zwei entscheidende Phasen mit Problemen identifiziert: der
Prozess bis zur Durchfihrung von Installation und der nachfolgende Prozess nach der Installation
fur die Aktivierung und Abrechnung der Eigenverbrauchsanlage. Um die Benutzerfreundlichkeit
fur die Endkunden zu erhohen, Verwaltungsablaufe zu beschleunigen und Engpasse bei
Installationsfirmen, Verteilern und Vertriebsunternehmen zu vermeiden, ist es wichtig zu
verhindern, dass jeder Verteiler und jedes Vertriebsunternehmen unterschiedliche Dokumente
und Verfahren flur diese Phasen verlangt. Eine detaillierte Standardisierung, bspw. mit
vereinheitlichten Protokollen, auf staatlicher Ebene, der alle beteiligten Parteien folgen mussen,
ist wird dabei von APPA als unerlasslich angesehen. Es soll sichergestellt werden, dass diese
Protokolle transparent, digital und bestandig sind, um die einseitige EinfUhrung neuer
Anforderungen an Dokumente oder Verfahren durch Netzbetreiber und Versorger zu vermeiden.

Ferner wird vorgeschlagen, dass eine staatliche Anlaufstelle oder einheitliche
Genehmigungsverfahren flir Verwaltungsangelegenheiten und Netzanschluss-Anfragen
angestrebt werden sollten. Dabei sollen Verwaltungen auf allen Ebenen (Bund, Regionen und
lokale Einheiten, Netzbetreiber und Versorger) am Design, der Governance und dem Betrieb
beteiligt sein. Dies schlieBt nicht aus, dass autonome Einzelstellen existieren konnen, jedoch wird
empfohlen, die Schaffung von Redundanzen auf lokaler Ebene zu vermeiden. Dieses Problem
existiert in Spanien durch die leichte Abanderung der autoconsumo colectivo-Anforderungen in
allen Autonomen Gemeinden. (Appa Autoconsumo, 2023)

Einfiihrung strikter Sanktionierungs-Regeln gegen Netzbetreiber und Versorger
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Die Kommunikation mit den EVU erweist sich als eine der groBten Hurden fur die Aktivierung der
Einspeiseverglitung. Die Ublichen Zeitrdume erstrecken sich in einigen Fallen von 12 bis zu 24
Monaten flr eine rechtlich moéglicherweise 15-tagige Prozedur. Dies fuhrt zu einer Schutzlosigkeit
der Verbraucher, weswegen eine korrigierende MaBnahme gegen Falle von Fehlverhalten und
Nichteinhaltung gesetzlicher Fristen eine Losung sein kdnnte. Erfahrungsgemal waren solche
durchsetzenden Mechanismen erfolgreich darin, die Einhaltung von Fristen und guten Praktiken
zu fordern, um den Verbraucherschutz zu gewahrleisten. Ein Beispiel dafur ist die Regulierung des
Wechsels von Mobilfunkanbietern in Spanien, die nach angemessener Regulierung und
Bestrafung von Missbrauchen von einer UbermaBigen Wartezeit von mehr als einem Monat auf
funf Tage reduziert wurde. (Appa Autoconsumo, 2023)
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6.

Mit der abschlieBenden Ableitung von Handlungsempfehlungen und Best Practices sollen
Impulse fiir eine Anderung der deutschen Regulatorik gegeben werden. Aus der anfanglichen
Darstellung des Status Quos in Deutschland lassen sich mit dem Blick aus Spanien drei zentrale
Handlungsempfehlungen ableiten. Die genannten Best Practices adressieren hingegen die
wichtigsten und groBten Bottlenecks und Hurde bei der Umsetzung des Energy Sharing Konzepts.
Die Best Practices sind als potenzielle Anpassungen oder Erganzungen zu interpretieren, die
erforderlich sind, um langfristig das Konzept des Energy Sharing erfolgreich in Deutschland
umzusetzen. Eine Ubersicht aller Impulse ist komprimiert in der untenstehenden Tabelle

Anwendbarkeit auf Deutschland

zusammengefasst. Eine weitere Erklarung dieser Aspekte folgt in den beiden Unterkapiteln.

Handlungsempfehlungen & Best Practices fur

die erfolgreiche Umsetzung von Energy Sharing

Titel und Kurzbeschreibung

Forcierung Smart Meter Rollout
Schaffung der digitalen Infrastruktur flr den
virtuellen Energie-Austausch zwischen Haushalten
uber intelligente Messsysteme.

Einfiihrung von neuen Energy Sharing Prozesse
Entblrokratisierung des bestehenden Mieterstrom-
Modells, EinfUhrung neuer Konzepte fur das Teilen
von Strom, einfache Mechanismen angelehnt an
spanischen Sharing-Vertrag.

Finanziellen Anreizen und Ausweitung der
Nutzung auf des NS-Netz
Erlauben des Teilens von Strom uber das NS-Netz,
um Attraktivitat des Energy Sharing Konzepts zu
steigern. Reduzierte Netzentgelte als finanzieller
Anreiz denkbar, Entlastung fur VNB schaffen.
Verteilnetzbetreiberlibergreifende
Standardisierung von Prozessen und

Anforderungen
Keine individuellen Losungen der VNB, sondern
einheitliche Standards schaffen. Keine

Interpretationsspielraume geben durch Schaffung
von verbindlicher, standardisierter Dokumentation.
Einflihrung Rolle ,,Eigenverbrauchsmanager*
mit Vertretungsmacht fiir Kollektive
Neue Rolle des Eigenverbrauchsmanagers vertritt
Kollektive und kommuniziert mit Netzbetreiber,

weitere Standardisierung der Anmeldung.
Schaffung einer offiziellen Energy Sharing
Anlaufstelle
Offizielle durch Gesetzgeber geschaffen Stelle die
Anmeldung der Kollektive annimmt und an den
Netzbetreiber weitergibt. Weitere bilaterale
Vereinfachung der Anmeldeprozesse.
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Involvierte Akteure

Zeitfenster

Messstellenbetreiber
Gesetzgeber

Gesetzgeber;
Netzbetreiber
(VNB&UNB); BNetzA;
EVUs

Gesetzgeber;
Netzbetreiber
(VNB&UNB)

Gesetzgeber; BNetzA

Gesetzgeber

Gesetzgeber; BNetzA
Netzbetreiber
(VNB&UNB)

Kurzfristig

Mittelfristig

Mittelfristig

Mittelfristig

Mittelfristig

Langfristig



6.1 Ableitung von Handlungsempfehlungen zur Verbesserung der deutschen
Regulatorik

Forcierung des Smart Meter Rollouts

In Spanien werden die Endkunden Uber Smart-Meter direkt in den Strommarkt integriert. Die
Echtzeitdaten uber den Stromverbrauch stellen die technische Voraussetzung fur diese "Markt-
Integration" dar. Besonders wichtig ist jedoch, dass auch das Energy Sharing Konzept auf diesen
Echtzeitdaten angewiesen ist. Bei dem spanischen Konzept ist eine bestehende Smart Metering
Infrastruktur und die damit einhergehende zeitsynchrone Abrechnung essenziell, um den
wirtuellen® Energieaustausch zwischen Haushalten, Unternehmen und den lokalen
Energieerzeugern uber das Niederspannungsnetz zu ermoglichen. Mit der Datenerfassung
kénnen Energieflusse neu aufgestellt werden und virtuell neu verteilt werden. Da Energy Sharing
auf einer zeitsynchronen Abrechnung fu3t, wird nicht nur der Gesamtenergieverbrauch, sondern
auch den Zeitpunkt der Nutzung berucksichtigt. (van Heemstra et al., 2021; Viola Theesfeld et al.,
2021)

Dabeiist eine Charakteristik des Energy Sharings die virtuelle Saldierung von Strom. Im Gegensatz
zu traditionellen Methoden des Energieaustauschs, die eine physische Verbindung durch Kabel
erfordern, wird der virtuelle Stromaustausch uber digitale Plattformen ermoglicht. Diese virtuelle
Verbindung erdffnet neue Mdéglichkeiten fur den dezentralen Energieaustausch und fordert die
Schaffung von kollektiver Flexibilitat, die sich stark nach den Verfligbarkeiten von Energie richtet.
(Roland Tual et al., 2023)

Ein zentrales Hindernis flr die flachendenkende Einfuhrung von Energy Sharing Konzepten in
Deutschland ist die unzureichende technische Infrastruktur, insbesondere im Hinblick auf den
Einsatzvon Smart Metern. Um diese Hurde zu GUberwinden, empfiehlt sich eine weitere Forcierung
des Rollouts von intelligenten Messsystemen. Hierbei liefert das GNDEW bereits gute Impulse
und geht in die richtige Richtung, in dem alle Haushalte bis 2030 mit einem solchen Zahler
ausgestattet werden sollen.

Energy Sharing Prozesse mit geringen blirokratischen Hiirden schaffen

Eine Kritik am Mieterstrom-Modell ist insbesondere die hohe Blirokratisierung dieses Ansatzes.
Auch bei Burgerenergiegesellschaften ist es stets erforderlich eine legale Entitat zu grinden oder
einer beizutreten, was Burokratie nach sich zieht. Die vereinfachte Herangehensweise Spaniens
im Energy Sharing Prozess, die auf einem einzigen Dokument basiert, bietet eine inspirierende
Perspektive. Um diesen Ansatz auf Deutschland zu Ubertragen, lieBe sich — genau wie in Spanien
— der Prozess der Anmeldung des Eigenverbrauches auf einen kollektiven Eigenverbrauch
ausweiten. Der Anmelde-Prozess des kollektiven Eigenverbrauchs folgt in den ersten Schritten
analog zum individuellen Eigenverbrauch. Nur in den abschlieBenden Schritten wird die
Erzeugungsanlage mehrere Verbraucher durch einen einfachen Sharing-Vertrag allokiert. Dieses
erfolgt Uber ein einziges Dokument im spanischen Fall, was zwei verschiedene
Abrechnungsmechanismen zulasst.

Deswegen ist es ebenfalls erforderlich, einen geeigneten Abrechnungsmechanismus zu
entwickeln, der eine transparente und faire Aufteilung der gemeinsam genutzten Energie der
Verbraucher ermoglicht. Hierbei kann zwischen einem kollektiven und einem individuellen Modell
unterschieden werden.

Im kollektiven Modell wird die Gemeinschaft als eine Einheit behandelt, und der gemeinschaftlich
verbrauchte Strom wird kumuliert. Im individuellen Fall wird hingegen jeder Verbraucher einzeln
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betrachtet. Abhangig von dieser Unterscheidung wird entweder das Kollektiv oder jeder einzelne
Verbraucher zum Einspeiser. Verbraucht ein Haushalt in Spanien nicht zeitsynchron die
Erzeugung aus seinem Anteil, wird sein Uberschuss eingespeist und ihm gutgeschrieben. Es ist
auch denkbar, diese Uberschiisse innerhalb des Kollektivs zu teilen, was in Spanien jedoch nicht
vorgesehen ist.

Dabeiist zu beachten, dass dieser Mechanismus die innerhalb der Gemeinschaft geteilte Energie
genau abrechnen muss und die Verantwortung fur diese Abrechnung klar definiert sein sollte
(entweder durch den Netzbetreiber oder durch Drittanbieter fur Kollektive). Die Grundlage hierflr
bildet eine schlussige Zuteilungstabelle bzw. ein Verteilungsschlissel, aus dem hervorgeht, wie
die Energiezuteilungswerte berechnet und an die Energielieferanten weitergegeben werden. In
Spanien wurde ein Konzept etabliert, bei dem Koeffizienten an der Anlage vergeben werden, und
die Erzeugung proportional gemaB diesen Koeffizienten verteilt wird.

Anreizschaffung fiir Netzbetreiber und Endverbraucher

Die deutsche Regulatorik sollte Anreize schaffen, um Energy Sharing attraktiver zu gestalten. Dies
konnte finanziellen Anreizen, wie Vergunstigen oder Forderprogramme geschaffen werden. Dabei
sollte sowohl fur den Kunden als auch fur Netzbetreiber Anreize geschaffen werden. Kunden
konnen durch Kosteneinsparungen motiviert werden, die durch die gemeinsame Nutzung
ermoglicht werden. Diese Einsparungen konnen durch eine Reduzierung der Netzentgelte,
Stromsteuern oder Abgaben realisiert werden. Alternativ ist auch eine Energy Sharing Pramie,
ahnlich der EEG Einspeisevergltung, fur Kollektive, die geteilte Energie nutzen, denkbar.

Andererseits gilt es zu beachten, dass mit einer Netzentgelt-Befreiung Defizite bei den
Netzbetreiber auftreten werden. Hier gilt es auch auf Seiten der Netzbetreiber Anreize zu
schaffen, da neben den Defiziten zusatzlicher Aufwand mit der Abrechnung der Kollektive
entsteht, wodurch Energy Sharing als Doppelbelastung flir den Netzbetreiber gesehen werden
kann. Dabei muss Die Unterscheidung zwischen Energy Sharing und Energieversorgung klar
definiert werden. Die gemeinsame Nutzung von Energie sollte nicht mit einer
Bilanzierungsverantwortung einhergehen oder damit verbundene Kosten auf das Kollektiv
abwalzen.

Ferner ist die deutsche Regulatorik noch nicht attraktiv genug, um mit der Energiewende auch
Bewohner von Mehrfamilienhdusern und Wohnungen zu erreichen. Dabei sollte die Lokalitat
durch eine geeignete geografische Begrenzung sichergestellt werden, die weder zu eng noch zu
weit gefasst ist. Eine Beschrankung auf dasselbe Mehrfamilienhaus, wie im aktuellen
Mieterstrommodell, ist nicht sinnvoll, da nicht jedes Mehrfamilienhaus kurzfristig mit PV-Anlagen
ausgestattet werden kann. Andererseits sollte eine zu weitgehende Offnung vermieden werden,
um den Lokalitatsfaktor zu erhalten und Energy Sharing nicht zu einem anonymen
Abrechnungskonzept verkommen zu lassen. In Spanien mussen die abnehmenden Endkunden
bei autoconsumo colectivo an dieselbe Niederspannungs-Ortsnetzstation angeschlossen sein.
Fur diese lokale Begrenzung wurden weitere Alternativkriterien entwickelt, die sich in
Deutschland wie folgt Ubersetzen lieBen:

o Gleiche Postleitzahl der abnehmenden Endkunden und Erzeugungsanlage
e 2km orthogonale Distanz zwischen abnehmenden Endkunden und Erzeugungsanlage
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6.2 Weiterfilhrende Best Practices aus Spanien

Standardisierung von Prozessen und Anforderungen

Die EinfUhrung der Verteilnetzbetreiberlbergreifenden Standardisierung von Prozessen und
Anforderungen geht Hand in Hand mit einer verstarkten Kooperation mit den Netzbetreibern.
Smartes Energy Sharing verandert die Beziehung zwischen Endkunden und Netzbetreibern
grundlegend. Dabei wird das Kollektiv zu einer integralen Organisation im Zentrum des
Energiesystems, die nicht nur technisch, sondern auch organisatorisch und finanziell Produktion
und Verbrauch intelligent kombiniert. Dabei hat sich in Spanien gezeigt, dass die DSOs und die
Energieversorger diesen Mehrwert von Energy Sharing nicht wahrgenommen haben.

Infolgedessen wurde das Konzept seitens der Netzbetreiber und Versorger wenig unterstutzt.
Bedingt dadurch, dass die Regulatorik groBe Interpretationsspielrdume zugelassen hat, haben
alle Netzbetreiber und Versorger ihre eigenen Standards implementiert, so dass im Prozess der
Anmeldung lange Verzégerungen fur die Verbrauch ergab, was groBe Verwirrung und Frustration
auf Seiten der Verbraucher gestiftet hat. Insbesondere vor dem Hintergrund, dass in Deutschland
866 Verteilnetzbetreiber' aktiv sind, gilt es hier von Beginn an einheitliche und verbindliche
Standards zu schaffen. Fir die Definition dieser Standards ist es empfehlenswert, eine enge
Kooperation mit den Netzbetreibern von Anfang an anzustreben, damit nicht nur die reibungslose
Integration von Energy Sharing ermoglicht wird, sondern auch die Vorteile eines Kollektivs mit
Flexibilitatspotential von Beginn an dargestellt werden.

Einfiihrung rechtliche Figur des Eigenverbrauchsmanager

Die Einfuhrung des Eigenverbrauchsmanagers im Rahmen des spanischen Energy Sharing-
Konzepts erfolgte als Antwort auf diverse gesellschaftliche und organisatorische
Herausforderungen, die die Umsetzung von autoconsumo colectivo-Projekten erschwerten (#A3,
2023). Zu diesen Herausforderungen gehorte zunachst das begrenzte Wissen und Bewusstsein
der Beteiligten uber das Konzept des autoconsumo colectivo, was zu Skepsis und Zuruckhaltung
bei Wohnungseigentimern fuhrte. Darlber hinaus stellte die Notwendigkeit, die Zustimmung der
Eigentumergemeinschaft zu erhalten, um Energy Sharing-Projekte zu initiieren, eine bedeutende
Hurde dar, da dies oft langwierige und komplexe Konsensfindungsprozesse erforderte. Ein
weiteres Problem bestand in der zeitaufwadndigen und komplexen Kommunikation mit den
Verteilnetzbetreibern (DSO) sowie der Beantragung des Anschlusszugangs, da vor der Einfuhrung
des Eigenverbrauchsmanagers alle Beteiligten individuell mit den Energieversorgern und
Netzbetreibern interagieren mussten.

Die Einfuhrung des Eigenverbrauchsmanagers, bekannt als Gestor del autconsumo colectivo, im
Juli 2023 wurde als Loésung fur diese Herausforderungen entwickelt. Der
Eigenverbrauchsmanager spielt eine zentrale Rolle bei der Bewaltigung dieser Probleme, indem
erdie Kommunikation und Reprasentation der angeschlossenen Energiekollektive koordiniert und
vereinfacht. Vor dieser Neuerung waren Einzelpersonen gezwungen, individuell mit den
Energieversorgern und Netzbetreibern zu interagieren, um notwendige Schritte im
Zusammenhang mit Energy Sharing-Projekten durchzufihren. Die EinfiUhrung des
Eigenverbrauchsmanagers hat somit die Koordination und Kommunikation erheblich verbessert
und fuhrt zu einer beschleunigten Umsetzung von autoconsumo colectivo-Projekten. Diese Figur
kann eine natlrliche oder juristische Person Uibernehmen, was auch Dienstleistern erlaubt die
Stellvertretung von Kollektiven zu iUbernehmen.

9 Bundesnetzagentur (2023)
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Schaffung offizieller Energy Sharing Anlaufstelle

Um die vorherig-genannten Probleme und Herausforderungen im Umgang mit Netzbetreibern und
Energieversorgern anzugehen, wurde in Spanien zusatzlich zum Gestor del Autoconsumo die
Oficina Técnica de Energia Limpia y Proyectos Inteligentes (Buro fur saubere Energie und
intelligente Projekte) als Anlaufstelle fur autoconsumo colectivo-Projekte ins Leben gerufen. Mit
dieser Initiative wird das das Ziel verfolgt, die Beteiligung der Burger an Energy Sharing Projekten
zu fordern, indem diese Buros die Prozesse unterstutzen. Zusatzlich fungieren die Oficina Técnica
als Koordinationsstelle fur den Informationsaustausch auf interkommunaler Ebene im Bereich
von Energy Sharing. Sie fordern den Wissensaustausch, unterstutzen Arbeitsgruppen, verbreiten
bewahrte Praktiken und erstellen Handbucher und Leitfaden zur Durchfihrung von autoconsumo
colectivo Projekten.

Dennoch ist anzumerken, dass die derzeitige Rolle dieser Anlaufstelle auf informierende
Funktionen beschrankt ist. Es ware jedoch effektiver, wenn sie eine zentrale Anlaufstelle ware, die
auch die Kommunikation und Anmeldung von Energy Sharing-Projekten gebundelt und
zentralisiert koordiniert. In den Anfangstagen von Energy Sharing-Projekten hatten Verbraucher
nur begrenzte rechtliche Moglichkeiten, ihre Rechte gegenlber den Netzbetreibern
durchzusetzen, trotz klarer rechtlicher Bestimmungen. Die Netzbetreiber ignorierten haufig
geltendes Recht, wie bereits in den zuvor beschriebenen Problemen dargelegt. Die Regierung hat
zwar die Rechtslage kontinuierlich verbessert, es fehlt jedoch eine Exekutivgewalt, die die
Einhaltung dieser Gesetze und Regeln Uberwacht und insbesondere die Befugnis hat, bei Bedarf
nachzubessern. Die bloBe Abhangigkeit vom guten Willen der Netzbetreiber bei der Anmeldung
solcher Projekte erweist sich in dieser Hinsicht als unzureichend und sollte durch eine starkere
staatliche Regulierung und Uberwachung ergénzt werden.
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7. Fazitund Ausblick

Zusammenfassung der Kernaspekte

Diese Einfuhrung des spanischen Energy Sharing Konzepts wurde durch die Integration der CEP-
Richtlinien in das nationale Recht ermoglicht. Das Konzept des Energy Sharing in Spanien baut
dabei auf den rechtlichen Grundlagen fur Eigenverbrauch auf. Mit der Umsetzung der CEP-
Richtlinien wurde 2018 die "Sonnensteuer" abgeschafft, die PV-Projekte in Spanien gehindert
hatte, und die Durchfiuhrung von Collective Self-Consumption (CSC) ermodglicht. Die
Bedingungen fur CSC wurden 2019 in RD 244/2019 festgelegt. CSC kann in privaten Netzwerken
oder uber das offentliche Stromnetz realisiert werden, abhéangig von bestimmten Bedingungen. In
der Regel wird hier die 2 km-Regel angewendet, so dass Erzeugungsanlage und Verbraucher
voneinander getrennt sein konnen. Die Uber das 6ffentliche Netz geteilte Energie ist von Steuern
und Abgaben befreit.

Das spanische Gesetz differenziert zwischen Eigenverbrauch ohne und mit Uberschiissen, was
Verbrauchern und Produzenten flexible Optionen zur Verwendung von Uberschussiger Energie
bietet. Trotz des exponentiellen Wachstums des individuellen Eigenverbrauchs stehen dem
kollektiven Eigenverbrauch zahlreiche Hindernisse im Weg. Ein Hauptaspekt ist das mangelnde
Bewusstsein, sowohl auf Seiten der Burger als auch der Behorden. Das Konzept des
"autoconsumo colectivo" ist vielen noch unbekannt, was zu Missverstdndnissen und
zeitaufwandigen Aufklarungsprozessen fuhrt. Das begrenzte Wissen wiederum fuhrt zu weiteren
Problemen, da die Vorteile und Mechanismen der gemeinsamen Nutzung von Energie nicht
ausreichend bekannt sind, was die Akzeptanz und erfolgreiche Umsetzung behindert.

Eine betrachtliche Herausforderung besteht darin, die Zustimmung der Eigentumer in einer
Gemeinschaft zu erhalten, woflr mindestens 33% erforderlich sind. Der Zustimmungsprozess
gestaltet sich komplex und langwierig, insbesondere weil die erforderliche
Eigentimerversammlung selten stattfindet. Die Uberzeugungsarbeit, vor allem in Bezug auf
Kosten und mdgliche Storungen wahrend der Umsetzung, gestaltet sich schwierig.

Wahrend des Installationsprozesses treten weitere Herausforderungen auf, insbesondere die
langwierige Kontaktaufnahme mit dem Verteilnetzbetreiber (DSO) und die Beantragung des
Anschlusszugangs. Dies fuhrt zu erheblichen Verzogerungen von bis zu sechs Monaten oder
langer bei der Integration der geteilten Anlagen ins Netz. Unklarheiten und UnregelmaBigkeiten in
der Kommunikation zwischen Energieversorgern und Netzbetreibern sowie mangelnde
Standardisierung von Verfahren und Anforderungen tragen zu weiteren Verzégerungen und
administrativen Herausforderungen bei.

Die Energieversorgungsunternehmen spielen eine entscheidende Rolle und sind haufig der
Engpass bei der Aktivierung kollektiver Eigenverbrauchsanlagen. Hierbei treten erhebliche
Verzogerungen aufgrund von Schwierigkeiten seitens der Versorgungsunternehmen auf. Trotz der
gesetzlich festgelegten Hochstfrist von 2 Monaten dauert die Aktivierung in der Realitat oft
mindestens zehn Monate, manchmal sogar bis zu 24 Monate. Die Ursachen reichen von weit
verbreitetem Unwissen innerhalb der Energieversorger Uber den Aktivierungsprozess bis zu
burokratischen Verzogerungen und Ubertriebenen Anforderungen an Anschlussanderungen.

Im Juli 2023 wurde als Reaktion auf die Probleme die Rolle des Eigenverbrauchsmanagers

eingefuhrt. Der Eigenverbrauchsmanager wurde geschaffen, um die Interessen der Verbraucher

zu vertreten, die am kollektiven Eigenverbrauch teilnehmen. Seine Aufgaben umfassen

Reprasentation, Kommunikation, Unterstutzung bei Verfahren und Problemlosung. Trotz dieser
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Fortschritte bestehen weiterhin Herausforderungen. Als weitere LOsungsansdtze wurde
staatliche Standardisierung fur die Abwicklung Eigenverbrauch sowie starkere
SanktionierungsmaBnahmen gegen den Netzbetreiber diskutiert.

Zukunftsaussicht Energy Sharing DE und abschlieBende Bemerkung

Im August 2023 prasentierte das BMWK erstmals einen Referentenentwurf des Solarpaket |, das
darauf abzielt, den Ausbau von Photovoltaikanlagen zu beschleunigen, burokratische Hurden
abzubauen und Grundlagen fur Energy Sharing zu legen. Insbesondere umfasst das Paket
Vereinfachung der Genehmigungsverfahren und Verbesserung zum Mieterstrommodell. Das
Solarpaket Il wird ebenfalls erwartet und soll die Grundlagen fir das Energy Sharing in
Deutschland weiter starken.

Eine positive Entwicklung fir Energy Sharing zeigt sich bereits im Mieterstrommodell, das mitdem
Solarpaket | verbessert werden wird, mit Ausweitungen auf Gewerbegebiete, geringeren
technischen Anforderungen, kurzeren Genehmigungsverfahren und einem virtuellen
Summenzahler. Ein weiterer Schritt zur Unterstutzung von Energy Sharing ist der Smart Meter
Rollout durch das "Gesetz flr den Neustart der Digitalisierung in der Energiewende." Dieses
Gesetz legt einen klaren Zeitplan fur die flichendeckende Einflihrung von Smart Metern bis 2030
fest und zielt auf die Vereinfachung der Genehmigungsverfahren fur diese intelligenten Zahler ab.
Die flachendeckende Einfuhrung intelligenter Zahler schafft die technische Grundlage fur Energy
Sharing in Deutschland.

Trotzdem bleibt Energy Sharing weitgehend unentdeckt, und es gibt noch Raum fur
Verbesserungen. Der Blick auf das Modell in Spanien zeigt das Potenzial von Energy Sharing flr
die dezentrale Energieversorgung in Stadten.

Energy Sharing ist im Kern ein Abrechnungsmechanismus, der durch simple Vertrage realisierbar
ist. Die technische Umsetzung kann auf bestehenden Energieinfrastrukturen aufbauen, wodurch
die Harden fur die Implementierung gesenkt werden. Mit der richtigen rechtlichen und
regulatorischen Unterstutzung kann Energy Sharing zu einer zentralen Saule der Energiewende in
Deutschland werden. Es liegt an uns, dieses Potenzial zu nutzen und innovative Wege zu
beschreiten.
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8. Verzeichnis

8.1

Abkiirzungsverzeichnis

BWMK Bundesministerium fur Wirtschaft und Klimaschutz

CEC
CEP
CSC
EC
EE
EMD
EU
EVU
FiT
KMU
kW
kWh
kWp
MS
NS
PV

RD

Citizen Energy Community

Clean Energy for all European Package
Collective Self-Consumption
Energy Community

Erneuerbare Energien

Electricity Market Directive
Europaische Union
Energieversorgungsunternehmen
Feed-in-Tariff

Kleine und mittlere Unternehmen
Kilowatt

Kilowattstunde

Kilowatt peak

Mittelspannung

Niederspannung
Photovoltaik-Anlage

Royal Decreto / Konigliches Dekret
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9. Anhang

9.1

ID

Ubersicht und Leitfaden fiir gefiihrte Interviews

Kernaussagen / Zentrale Aussagen

#A1

Offentliche Wahrnehmung zentriert sich immer noch hauptséchlich auf Solar in
Einfamilienhdusern

Herausforderung: Zustimmung der Eigentimergemeinschaft

Schwierige Argumentation fiir Uberzeugung, sehr stérrisch

GroBere Verzogerungen in Prozessen wegen ,,lack of collaboration“ von den
Netzbetreibern

Forderungen: Next Generation Fund, Tax Bonus (1Bl & ICIO)

#A2

Projekt: Installation kollektive Solaranlage lauft seit 1 Y2 Jahren
Technische Probleme: doppelten Anforderungen, zusatzliche technische
Installationen erforderlich

Kein funktionierendes Business Model

Keine Zuverlassigkeit im Markt (weder Installateure noch Behdrden)

#A3

Rechtliche Entwicklung: Umdrehung des Anmeldeprozesses, Ablehnung darf
nicht mehr erfolgen

GroBe Abweichungen zwischen Gesetz und Realitat

Aktuelle CNMC Klage gegen Netzbetreiber

EinfuUhrung des Gestors als Benefit fur alle Akteure

#A4

Einsparungen sind hauptsachlich Treiber fur Umsetzung solcher geteilten
Projekte

Kommt haufig mehr Mehrkosten einher im Vergleich zu Einfamilienhaus
Daten-Zugang nur auf Anfrage bei Netzbetreibern mdglich, nicht so einfach wie
es hach auBen scheint

Vorstellung Datadis Plattform als zentraler Anlaufstelle aller Netzbetreiber zur
Bereitstellung von Verbrauchsdaten

#AS5

Administrative Herausforderungen sind fur Endverbraucher kaum zu bewaltigen
Herausforderungen der Eigentlimer-Strukturen: wem gehoren die Anlagen?
Kann eine Community ein Eigentimer sein?

Finanzielle Komplexitaten bei Finanzierung von Anlagen tber Drittparteien

#A6

GroBte Herausforderung in Praxis: DSOs

Mangelnde Bereitschaft zurtickzufihren auf fehlende rechtliche Verpflichtungen
und mangelnde Anreize

Regulatorische Intervenieren gewlinscht

Hartere Zeit-Restriktionen festlegen

Noch unklare Umsetzung des Eigenverbrauchsmanagers

#A7

Umsetzung der IBI und Buros zur Férderung von autoconsumo colectivo
Projekten

Problemfeld: 6ffentliche Wahrnehmung

Fehlende Verbindung zu Energiewende in Spanien

Unzufriedenheit mit Umsetzung von Projekten

Mehr 6ffentliche Unterstutzung erforderlich flr Kollektive

#A8

Probleme bei Ansprechen der Eigentumergemeinschaften
Langwierige Gesprache, kaum Resultate

Lange Zeithorizonte fur Entscheidungsfindung

Geringe Umbruchstimmung / Stimmung flir Veranderungen
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Organisation /

ID Stakeholder / Topic Datum

Unternehmen

#A1 Besitzer geteilte Solar-Anlage Unabhangig 04.07.2023

#A2 Perspektive: Eigentimer Mehrfamilienhaus Unabhangig 10.07.2023

#A3 Blick auf die aktuelle Regulatorik Anwaltskanzlei 11.07.2023

#A4 Besitzer geteilte Solar-Anlage Unabhangig 13.07.2023

4AS Blick auf mogliche éutoconsumo Colectivo Kommerzielles 19.07.2023
Geschaftsmodelle Unternehmen

4AG AutOCOhSL.I.mO Colectivo Regulatorik als Kommerzielles 20.07.2023
ausfuhrendes Unternehmen Unternehmen

#A7 Herausforderungen Gesellschaft Unabhangig 07.08.2023

#A8 Probleme fur den Regulator Offentliches Institut 05.10.2023

Rahmenbedingungen fiir Energy Sharing in Spanien:

Rechtliche und regulatorische Rahmenbedingungen:
o Welche rechtlichen und regulatorischen Rahmenbedingungen beeinflussen
Energy Sharing in Spanien?
o Welche Herausforderungen und Chancen ergeben sich aus diesen
Rahmenbedingungen?
o Welche Anpassungen des Rechtsrahmens kdnnten die Entwicklung von Energy
Sharing fordern?
Wirtschaftliche Rahmenbedingungen (z.B. Preise, Steuern, Subventionen):
o Welche wirtschaftlichen Rahmenbedingungen beeinflussen Energy Sharing in
Spanien?
o Welche 6konomischen Anreizsysteme (Preise, Steuern und Subventionen)
fordern die Akzeptanz von Energy Sharing?

Technische Herausforderungen:

Interoperabilitat von Systemen:
o Welche Herausforderungen bestehen hinsichtlich der Interoperabilitat von
Systemen im Bereich Energy Sharing?
o Welche Ansatze und Losungen gibt es, um die Interoperabilitat zu verbessern?
o Welche Rolle spielen Standards und Normen im Hinblick auf die
Interoperabilitat?

Soziale Herausforderungen:

Akzeptanz von Energy Sharing bei der Bevdlkerung:
o Welche Faktoren beeinflussen die Akzeptanz von Energy Sharing bei der
Bevolkerung?
o Welche Bedenken und Vorbehalte haben Burgerinnen und Burger gegentber
Energy Sharing?
o Welche Informations- und Aufklarungsarbeit ist notwendig, um die Akzeptanz
von Energy Sharing zu erhohen?

Erfolgsbeispiele und Best Practices:

Welche erfolgreichen Beispiele und Best Practices fur Energy Sharing gibt es in Spanien?
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e Welche Faktoren tragen zum Erfolg von Energy-Sharing-Projekten bei?

o Welche Lehren lassen sich aus den Erfolgsbeispielen und Best Practices fur die
Weiterentwicklung von Energy Sharing ziehen?

9.2 Case Study: Einsparpotentiale einer geteilte PV-Anlage in Barcelona

In der vorliegenden Case-Study wurde ein Privathaushalt in Barcelona analysiert, wobei es sich
um einen drei-Personen-Haushalt in einer Wohnung handelt. In dem untersuchten Zeitraum von
einem Jahr wurden insgesamt 1619,5 kWh Strom verbraucht. Dabei liegen die Daten der
Erzeugung und des Verbrauches in einer stundlichen Auflosung vor, so dass ruckwirkend die
ursprungliche Stromrechnung ohne Energy Sharing bestimmt werden kann.

Die jahrliche Stromrechnung hatte ohne Anwendung von Energy Sharing 631,97 € betragen. Fur
diesen Verbraucher ist ein sog. ,,Tres-Periodos-Tarif“ abgeschlossen worden. Der Tres Periodos-
Stromtarif in Spanien ist ein verbrauchsabhangiger Tarif, der den Tag in drei ZeitrAume mit
unterschiedlichen Strompreisen unterteilt:

e Punta/ Peak-Zeiten (P1): Die teuersten Stunden, von 10 bis 14 Uhr und von 18 bis 22 Uhr
an Wochentagen.

e |lano / Off-Peak-Zeiten (P2): MaBig teure Stunden, von 8 bis 10 Uhr und 14 bis 18 Uhr an
Wochentagen

e Valle / Super Off-Peak-Zeiten (P3): Die gunstigsten Zeiten, von 12 bis 8 Uhr an
Wochentagen und 24 Stunden am Tag an Wochenenden und Feiertagen.

(Endesa, 2024a)

Dabei sind die Kosten fur die Netzentgelte und fur den Strompreis variabel und wurden jeweils flr
die jeweilige Periode monatsweise angepasst, so dass auch der finale monatlicher Strompreis fur
den Endkunden iber das Jahr variabel war. Fir die Vergitung der Uberschiisse wurde die
compensacion simplificada angewendet.

Die geteilte Solaranlage, an die der Endkunde angeschlossen ist, hat eine installierte
Nominalleistung von 4,455 kWp und umfasst neun 495-Wp-Solarpanele auf der Dachterrasse
eines Mehrfamilienhauses in Barcelona. Die Anlage wird zwischen neun Nachbarn geteilt, die alle
in dem Gebaude wohnen. Dadurch ergibt sich ein individueller PV-Anlagen-Anteil von je 495Wp,
so dass jedem assoziiertem Verbraucher ein einzelnes Modul zugeordnet ist. Die Anlage hateinen
Neigungswinkel von 5° und ist nach Sud-Sud-West ausgerichtet. Damit wird eine spezifische
Erzeugungsleistung von 1106,8 kWh/kWp pro Jahr erreicht. Auf die einzelnen Verbraucher entfallt
somit jeweils eine Erzeugungsleistung von 547,8 kWh/a. Somit betrdgt der Quotient aus
Generation zu Verbrauch 33,8 % fur diesen Verbraucher. Bilanziell gesehen kann der Verbraucher
also knapp 1/3 seines Verbrauches durch die Erzeugung seines PV-Anteils decken.

In dem untenstehenden Diagramm wird jeweils die absoluten Werte der Erzeugung des jeweiligen
Monats zu der Erzeugung in das Verhaltnis gesetzt. Auf der Sekundarachse wird zudem der
instantane Eigenverbrauch geplottet, das heit die Menge von Energie die direkt verbraucht
werden konnte.
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Abbildung 5: Auswertung direkter Eigenverbrauch aus geteilter Solaranlage

Durch die Beteiligung an der geteilten Solaranlage konnte eine durchschnittliche instantane
Eigenverbrauchsrate von 69,3% erzielt werden. Dementsprechend wurden 30,7% der erzeugten
Energie nicht durch Verbraucher abgenommen, sondern in das Netz eingespeist. Insgesamt
konnten innerhalb des untersuchten Jahres 149,81€ auf der Stromrechnung eingespart werden,
was einer relativen Reduktion der Stromrechnung von 23,7% entspricht.
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1 Introduction

The energy transition in Germany envisions the expansion of renewable energy sources, particularly
wind and solar power. These sources require careful balancing of supply and demand on the grid due
to their variable and intermittent nature. Demand-side management refers to the adaptation of
energy consumption patterns to align with grid needs, a strategy largely utilized in industrial and
commercial sectors. Despite accounting for 27% of Germany’s total energy consumption, residential
demand remains a largely untapped resource for providing significant flexible capacity to support the
energy transition.

Motivation of the Topic

In contrast to most European countries, France has already made significant progress in unlocking the
demand-side flexibility of the residential sector, which still remains largely untouched in Germany. The
reasons for this progress include a top-down implementation strategy of new technologies (like smart
meters), and the high inertia of nuclear power plants, which made the widespread adoption of two-
rate tariffs already a necessity three decades ago [7]. Building on this foundation, a number of
interesting innovations can be identified, that make residential flexibility a cornerstone of the French
2050 energy targets.

Research Question

The research stay is therefore intended to investigate the way in which household electricity
consumption in France contributes to making the energy system more flexible and resilient, how this
is technically implemented, what role digital technologies play, and what potential can be expected
for the future. This report will provide a summary of the findings.

Methodology of the Research Visit

During the research visit, | had three main sources of information:
1. Events from governmental agencies, companies, and educational institutions
2. Interviews with experts from the field
3. Extensive literature research.

While the events, that | attended during this period were a great aid in getting an understanding of the
energy sector and its trajectory, it was almost impossible to find events that were exactly about my
research topic, which was already very specific. The most detailed information therefore stemmed
from the expert interviews and analysis of existing literature.



2  State of Digitalization in the French Energy
Transition

The backbone of the French smart grids is the Linky meter, a smart metering and control unit, that was
rolled out between 2015 and 2022. Today, around 95% of households are equipped, which cost an
initial investment of around €5 billion. The meter allows near real-time remote consumption readings,
remote cut and repowering, and remote management of the internal and 7 additional relays. The
communication with the distribution system operator (DSO) is through powerline communication
(PLC) and General Packet Radio Service (GPRS). [1]

Figure 2.1: Communication infrastructure of the Linky smart meter [1]

The eight available buses for home energy management allow controlling the water heater, the main
and secondary heating, air conditioning and heat pump, electric vehicle (EV) and a battery system for
grid injection, while still keeping 2 spares for future uses.

French efforts to develop and expand the smart grid can be attributed to three objectives [8]:
¢ Facilitating the integration of renewable energy (storage, forecasting, grid optimization)
¢ Adapting the grid to new electricity uses (load peaks, electric vehicles)

¢ Developing demand-side management (smart meters, smart devices, unlocking flexibility)

The challenges posed by these goals are slightly different than in Germany. Households contribute the
highest share to overall demand with around 37%, compared to 27% in Germany [9]. Peak demand is
therefore located around the times of maximum household activity, first around 13:00 and then again
around 19:00, as shown in Figure 2.2.

To shave off consumption during peak hours, the state-owned electric utility company Electricit’e de’

France (EDF) offers a two-rate tariff called Tarif Bleu, that offers a reduced price of 18.28ct€/kWh
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Figure 2.2: Average hourly electricity generation and demand profile for the mean day of 2019 (own
representation based on [2])

during off-peak hours, compared to 24.60ct€/kWh during on-peak hours. The off-peak hours are

always 8 hours per day and vary from region to region, being usually situated between 22:00 and
07:00. [10]

Another dynamic tarif option within the Tarif Bleu is the Option Tempo, which aims to limit the use of
backup capacity during days of peak demand, most notably during cold winter months. The option
introduces a distinction between 3 different colors: blue, white and red, that every day of the
upcoming year gets assigned, with the following distribution: 300 blue days, 43 white days, 22 red
days. During blue and white days, the electricity price is reduced by up to 44% for both on-peak and
off-peak hours. However, during red days, the electricity price can be elevated up to 300% during on-

peak hours [10]. This option aims to address the so-called missing money problem [11], where the high
cost of backup capacity can’t be passed on to consumers.

These dynamic tariffs are facilitated by the wide-spread adoption of smart meters, and offer a kind of
”soft” flexibility of household consumption.



3 State of Demand-Side Management in France

3.1 Flexibility Markets in France

In France, the transmission grid operator (TSO) R’eseau de Transport d’Electricit’e (RTE) is tasked with
ensuring a reliable power grid and thus the balance between generation and consumption of electricity
in real time. To do so, RTE uses the flexibilities offered by generation, storage and consumption on
market mechanisms, known as balancing mechanisms or frequency ancillary services. Figure 3.1 shows

the companies, that currently participate in the French grid-balancing, be it storage, interconnectors
or flexibility. [3]
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Figure 3.1: Grid-Balancing mechanisms and companies [3]

The flexibilities are able to adjust their generation or consumption upon request by the RTE. Demand
response describes the concept of temporarily reducing all or part of a participant’s consumption, over
a given period of time. It may be followed by a shift of all or part of the reduced consumption, as shown

in Figure 3.2. The ratio of the rebound consumption to the load reduction is known as the carryover-
rate. [4]
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Figure 3.2: Rebound after Demand Response [4]



Demand response can be remunerated across all mechanisms operated by RTE in the same way as
energy generation. France was the first country in Europe to open all its national energy market
structures to all consumers. Since 2014, participants can trade their flexible demand in the same
manner as generation on the Demand Response Block Exchange Notification, known as NEBEF.

Flexibility is remunerated either in terms of the capacity (in €/MW), that is made available in a given
timeslot and can be activated by the RTE or an aggregator, or in terms of the energy reduction (in
€/MWh), for a fixed power and duration [4]. In 2021, an asset always available could have generated
up to 55 800€/MW/year of remuneration according to the market prices [12]. There are specific
minimum power requirements for participating in remuneration schemes. For instance, in the case of
the NEBEF market, registration as a Load Reduction Operator with RTE is a prerequisite for
participation, requiring a minimum operating capacity of 100kW. Still, smaller capacities are included
in these mechanisms through the use of aggregators.

3.2 Aggregators

In the context of DSM, aggregators are companies that pool together multiple small electricity loads,
make these remotely controllable and therefore create a larger block of demand response capacity.
Some of the largest aggregators are shown in Figure 3.1. Their underlying business model is as follows:

1. Make the loads of the participants remotely controllable
2. Identify times of possible load reduction by use of pattern recognition and experts estimates
3. Trade the aggregate flexibility/ make money

Additionally, aggregators often include generation from small-scale renewable energy producers, who
benefit from a simpler access to the grid and better pricing. The basic interactions of these
stakeholders are shown in Figure 3.3.
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Figure 3.3: Aggregator business model (translated from [5])



3.3 Residential Demand-Side Management in France

Demand Side-Management systems have historically been associated primarily with large industrial
consumers. However, as the share of variable renewable capacity grows, as does the grid’s need for
diversified flexibility sources. Here, residential and tertiary demand emerges as one of the largest and
still largely untapped sources of flexibility.

To investigate the role of residential flexibility in France’s electrical grid today and in the future, we
must initially understand the required capacity of flexible demand in the upcoming decades.

The role of demand-side flexibility in France’s future energy scenarios

The French TSO RTE developed a range of possible scenarios for the energy sector in 2050, called RTE
Futurs Energ’etiques 2050° , that are extensively documented and regularly updated [13]. These
include estimations of the overall capacity of sources of flexibility that will be needed in the future.
Currently, most primary and secondary balancing energy comes from gas and combined heat and
power (CHP) plants, that will be being taken off the grid in the countries efforts to reduce emissions.

Depending on the share of nuclear energy in the electricity mix, France will need between 13-44GW
of flexible demand by 2050 [13]. While most of this will come from industrial consumers, EVs, and
electrolysers, households will continue to play a role in ensuring a safe and reliable power grid. The EU
directive 2019/944 aims to set guidelines for European electricity markets and promote dynamic
tariffs, that incentivize the consumption of electricity during off-peak hours [14], which France
implements by making the option of dynamic tariffs mandatory for electricity suppliers upwards of 200
000 customers. In 2022, 67% of French households had a dynamic tariff [15], facilitated by the
widespread deployment of smart meters, currently at 95% deployment rate.

However, harnessing the flexibility of households requires more than just dynamic tariffs and smart
meters. It calls for the integration of home energy management systems (HEMS) and appropriate
communication infrastructure to enable centralized demand control. Additionally, aggregated control
systems are essential to combine multiple households into coherent entities for grid-balancing
purposes. Accurate demand and generation forecasts are required for enabling model predictive
control and identifying periods of peak demand. Furthermore, intermediary companies capable of
providing this flexibility in energy markets, ready to respond quickly to grid operator signals, are
equally crucial.

During this research visit, two companies could be identified, that already found economic solutions
to these challenges and are able to offer aggregate residential flexibility on all suitable electricity
markets. They will be discussed in chapter 3.4.

Beforehand though, the potential of residential DSM is discussed in detail. While some scientific
literature suggests a very limited potential in terms of economic and emission-reduction gains [16], or
low social acceptability in regards to a just implementation [17], RTE considers residential DSM a
cornerstone of its future energy systems.

The contribution of residential demand-side flexibility to grid stability and resilience

In a working paper developed by RTE from 2021 [18], that builds on assessments by the The French
Agency for Ecological Transition (ADEME), the deposits of accessible residential demandside flexibility
are investigated in terms of the technical resources and the social acceptability of each measure, which
results in an estimation of the realistically mobilizable deposit for 2050. The following paragraphs aim



to summarize their findings and conclusions, including the quantitative assessment of potential
capacity.

Determining the technical deposits first requires evaluating the evolution of electricity consumption
according to the different trajectories defined in [13]. For example, while heating represents the
largest deposit of residential demand-side flexibility and the share of accessible heating capcity grows,
energy efficiency programs will significantly reduce the overall energy consumption of residential
heating, counteracting the gains in accessible capacity.

Additionally, the patterns of consumption lead to different potential impacts of flexibilization from
different activities. Power demand linked to heating is fairly well distributed throughout the day, while
electricity consumption for domestic hot water (uncontrolled) or cooking is concentrated around a few
hours of the day. The contribution to the flexibility of the energy system will therefore be higher for
uses which have consumption peaks coinciding with the busiest times for the electrical grid.

Greater household flexibility is included in almost all long-term energy scenarios [19, 20, 21, 22],
however, the management of residential consumption is still not widely adopted today, with the
notable exception of electric water heaters in France. The management of heating consumption is
developing, with aggregators trading this flexibility on the market, but still in a limited way.
Experimental and commercial deployment of V2G technologies is increasing, but remain marginal at
the time of writing. On the other hand, residential demand associated with lighting, cooking and
entertainment, despite contributing around 40TWh to total demand, is rarely considered, due to the
low user willingness to modify their behaviour. Indeed, beyond purely technical considerations, the
flexibilization of electrical uses, like any innovation, raises questions in terms of acceptability and social
appropriation.

According to a 2020 study carried out for RTE, around 30% of the population declare, that they are not
ready to adopt energy consumption management tools in their households, in particular due to
concerns about the sharing of personal and health data. On the other hand, around 70% of
respondents are likely to accept DSM tools in their everyday life. The acceptance is highly correlated
to age, with young people being significantly more likely to accept DSM tools. Four main types of
motivation can lead individuals to flexibilize their electricity demand [17]:

¢ better management of the country’s energy supply
e contribution to the preservation of the environment
¢ financial benefits

¢ aninterest in new technologies

Among these, environmental considerations are the biggest contributing factor for young French
people (<30 years old) to accept DSM.

While a third of the French population considers the environmental impacts of their consumption the
key factor in accepting DSM tools, around 40% are mainly motivated by economic benefits like reduced
electricity bills. Translating the acceptability of controlling residential demand into monetary terms
remains a delicate exercise. Consumption depends directly on the activities carried out, which are part
of lifestyles and daily practices. People’s habits and values are fundamental determinants of the
willingness to participate and the material possibilities to realise them. [18]



By first analysing the existing technical deposits of flexibility, including their trajectories within the
energy transition, then evaluating their social acceptability based on the social studies mentioned
above, realistically mobilizable capacities from each main use were calculated by RTE. Their results are
shown in Table 3.1. The ratio of participating households over the technically available are shown as a
percentage. Furthermore, the activation times, that can be realized with the respective capacity is
included, as well as an estimation of the required equipment and associated cost. For heating, the
activations are constrained so that the temperature varies by a maximum of 1°C. [18]

The management of electricity consumption for domestic water heaters has already been
implemented in France for several decades, thanks to a static two-rate tariff for on-peak and off-peak
hours, broadcast through power-line communication. The share of hot water tanks controlled by this
type of system is currently around 80%, which makes it possible to reduce demand by around 4GW
during peak hours. Due to the inertia of the thermal capacity, these measures are widely accepted in
the population, since they do not impose major constraints on the users. [18]

Concerning wet appliances (dishwashers, washing machines, ...), 40% of French households already
use the delayed start function, and around half of those do so to take advantage of times when the
electricity price is cheaper. In addition to these manual measures, semi-automatic starts could be
scheduled by HEMS connected to the smart meter. [18]

While cold appliances, like refrigerators, contribute up to 2GW of load during warm summer days, the
most tense hours for the electrical system are also those when refrigerators are frequently opened,
making their flexibilization unrealistic, which is why they are excluded from this comparison. Similarly,
residential lighting is considered to bring no significant source of flexibility to the power grid. Electricity
consumption associated with entertainment is purposefully excluded due the low acceptability
mentioned above. [18]

In summary, around 8GW of residential flexibility is envisioned for 2050 under realistic assumptions
(excluding EVs), the majority of which will come from heating and hot water. Although this capacity is
not always available and has limited activation times, it can have a very significant impact in ensuring
a safe and reliable future energy system. [18]



Capacity % Activation Equipment Equipment Cost
accessible | Households | time Needed
in 2050
Electric 16GW 80% Finely Communicating | Real-time
Vehicles modeled on | meter for control
the basis of | simple charging | infrastructure:
connection | control, smart | 10€/year/vehicle,
periods and | phone app for | Inverter:
user real-time 20€/year/vehicle
mobility control +
needs inverter for
V2G
Heating 3GW 50% Two non- | Communicating | Technician’s
consecutive | meter + | intervention:
one-hour technician 15€/heater/year,
activations intervention, Box: 75 €/house-
per day dedicated  box | pold/year
for
close-to-real-
time control
Air condi- | 0.5GW 45% Two non- | Communicating | Technician’s
tioning consecutive | meter + | intervention:
one-hour technician’s 15€/household/year,
activations | intervention, Box:
one day dedicated box | 75€/household/year
for real-time
close
control
Domestic 3GW 90% Possibility Tariff  control | -
hot water to postpone | options
consump- integrated by
tion by 10 | default into the
hours installation  of
the
Linky meter
Wet 0.5GW 35% Possibility Dedicated box | Box: 75€/house-
appliances to postpone | (information hold/year
consump- screen)
tion by 10
hours
Cooking 1GW 20% Two 30 | Dedicated box | Box:
minute (information 75€/oven/year
activations | screen)
over the
course of a
day

Table 3.1: Estimated residential demand-side flexibility potential in 2050 and required equipment

(translated from [18])




3.4 Case Studies

After this definition of the potential contribution of demand-side flexibility from households for the
2050 energy sector scenarios, it becomes evident that the advantages cannot go unconsidered in
designing a more flexible and resilient grid. These considerations, however, are not purely hypothetical
anymore. There exist numerous companies that have already developed successful business models
for commercializing residential flexibility. Two of these are described in more detail in the following
chapter. They were chosen, since they command a combined market share of more than 95%.
Company B was willing to discuss their business model and the adaptability within the context of the
German energy transition in great detail.

341 Company A

The company was founded in 2012 as a joint venture between two swiss entreprises. In 2014 it became
the first company worldwide, that provided residential demand-side flexibility as a secondary
frequency control mechanism. In 2016 they were the first to offer primary frequency control services
from residential assets. [23]

Their system enables users to program temperatures for each room, optimize self-consumption of
energy from solar panels, and control existing heat pumps, boilers and night storage systems by
retrofitting them. By using the flexibility of the customers’ devices the company provides services
ranging from Demand Response, DER and frequency regulation, to intra-day and day-ahead markets.
Part of the earnings are passed on to the customers as revenue. [23]

The M-Box is a secure gateway, which connects the end-user’s home installation to the
companies datacenter (Back-End Private Cloud System) through ethernet or private mobile
connection. Using the existing power lines of the customer’s house, it controls the other
devices. The K-Box is a class B 3-phase energy meter for active power. Together with an
integrated switch, it can measure and control the connected device. The C-Box is a
communication interface for appliances (e.g. a battery) that support the Modbus protocol (via
ETH, RS485) or can be controlled by 4 GPI0Os. The D-Box allows customers to remotely control
direct electrical heating systems, enabling temperature-based, room-by-room smart solutions.

3.42 CompanyB

Company B is a leading company specializing in demand response technology for residential and
commercial buildings. They aim to reduce reliance on emissions-heavy power plants by enabling
smarter energy consumption in businesses and households. Company B has equipped over 200,000
sites with their technology and collaborates with over 500 partners worldwide. The company has
invested over 14 years in research and development, focusing on linking flexible power consumption
with energy systems through in-house technology. This includes smart devices in participant buildings,
dedicated Home Energy Management Systems, and a central control room connected to power
markets. Company B’s ambition is to install their systems in 3 million more homes and businesses
within the next 5 to 7 years in France and Europe. They have headquarters in France and the United
Kingdom, with plans for expansion. [24]

They offer this flexibility on the wholesale market and as primary and secondary frequency ancillary
services. According to the company, they currently access 500MW of capacity with a reliability
(initiated load reduction taking place) of at least 97%. Their integrated measuring infrastructure
removes the need for pre-installed smart meters. According to their assessment, they are going to
continue to grow fast. The instalment of the control and measurement devices comes free of charge
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to the customer. The system allows for easier monitoring and management of the household
consumption, while providing up to 15% reduction of electricity consumption and up to 70% reduction
of electricity-related CO2 emissions. Furthermore, the company advertises, that participation in this
mechanism contributes to the stability and security of the electrical grid. [25]
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4 Expert Interviews

The energy transition and especially the involvement of stakeholders from the population in
sociotechnical systems make the decision-making process for the implementation of new technologies
a delicate task. In order to better understand the viewpoints of some relevant stakeholders, experts
from three distinct directions were interviewed on the matter of residential demand-side flexibility:
Science - represented by a university researcher, Public Infrastructure - represented by a researcher
from the TSO, and Business - represented by the largest household aggregator Company B. The
following paragraphs summarize the most important interviews from my research visit. The contents
are not to be taken as objective fact, but rather as the perspective of the corresponding interview
partner. Information that was gained from these interviews and later used in this report was checked
as far as possible.

Science: Julien Ancel researches Demand Response at the Laboratoire Génie Industriel (LGl) at the
university CentraleSupéelec near Paris. He investigates market mechanisms from the perspective of a
regulator to identify potential flexibility at optimal cost. As an expert in the field, his interview was
very insightful. In France, households are included in Demand Response (DR) through aggregators,
who can trade the flexibility through the Notification d’Echanges de Blocs d’Effacement (NEBEF)
mechanism. Here, they must bundle a minimum capacity of 100kW to participate. There are
approximately 14-15 aggregators in France. The digital tools these companies use are often developed
by start-ups. Aggregators usually have direct access to customers’ Home Energy Management Systems
(HEMS), but can also exercise “soft” control by asking customers to reduce load via messages. Space-
and water-heating are most prominent in these efforts. Aggregators rely heavily on machine learning
and Al tools to identify patterns in customer demand, aiming to find optimal times for load reduction.
Although most load-shedding introduces a rebound, dedicated load-shifting mechanisms (e.g., into
times of high renewable energy generation) are mostly developed in industrial Demand Response. The
total accessed capacity of flexible demand was between 2.6 and 3GW in 2022. Aggregators provide
services on all markets, including frequency ancillary services.

Public Infrastructure: Adrienne de Bazelaire de Lesseux works for LGl and the French Transmission
System Operator RTE. She focuses on optimizing a threefold grid expansion: transformer expansion,
battery expansion, and grid connection expansion in the medium-voltage grid, aiming to reduce the
overall cost of grid investments. Her in-depth understanding of the French transmission grid greatly

aided my research. While most Demand Response in France originates from the industrial sector, the
residential DR capacity is expanding, particularly through one household-aggregator, here anonymised
as Company B. However, from the TSO’s perspective, this flexibility was not considered very reliable in
recent years. She highlights the existence of multiple types of flexible residential consumption without
the use of aggregators, especially the dynamic 'Tarif Bleu’ and ‘Tarif Tempo’. She notes that these
tariffs are predominantly adopted by people of lower economic status, for whom the benefits of
reduced tariffs are more significant. Currently, in most residential scenarios, the limitations on lifestyle
still outweigh the potential monetary benefits that could be gained by adjusting demand patterns.
Regarding the 100kW minimum capacity required to participate in the NEBEF, flexibility providers are
advocating for a lower threshold. However, from a TSO perspective, it’s crucial to have a perceptible
load reduction that surpasses the noise level.

Business: Sébastien Condom is employed in the International Business Development department at
Company B, the leading household aggregator in France. His insights were crucial for my understanding
of residential DSM in France. Our discussion also touched upon a potential pilot deployment in
Germany, where residential DSM remains undeveloped. The company, commanding a 90% market
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share in France, currently accesses 500 MW of capacity with over 97% availability and is experiencing
exponential growth. This growth is driving their exploration into other markets, currently focusing on
the United Kingdom and Sweden, with potential expansions in Spain and Finland. While Germany’s
potential for residential DSM has not been extensively explored by the aggregator, its significant
economy makes it an appealing market. However, the German regulatory framework poses
challenges, since nuances in the regulations can determine, whether a business model for aggregators
of residential demand becomes either profitable or not feasible. The company leverages appliances
such as heaters, heat pumps, coolers, and EV chargers, participating in all market mechanisms,
including primary and secondary frequency ancillary services. The profitability of DR aggregators
heavily relies on supportive regulations. He stressed the necessity of establishing fair compensation
for curtailed loads and ensuring minimum compensatory measures. For Company B, each household
represents an investment. Customers receive all essential devices free of charge in exchange for a
commitment to reduce overall consumption by at least 15%. To make these investments sustainable,
regulatory frameworks that guarantee profitability and predictability are essential. Pilot projects are
usually developed in collaboration with DSOs or suppliers and are financed jointly by the company and
public financial aid.
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5 Challenges and Facilitators for Deploying
Residential Demand-Side Management

The following assessment of beneficial and inhibiting conditions and measures reflects the results and
conclusions of this research visit. The challenges and facilitators associated with residential demand
side management vary based on the model of implementation. In an aggregator-based approach, as
discussed here, these can be categorized into three distinct areas: 1. Technical, 2. Public Awareness
and Acceptance, 3. Regulatory.

Technical Challenges and Facilitators

A key prerequisite is a sufficient level of household electrification. Appliances and devices with high
nominal power consumption and possessing capacitive or thermal inertia, such as electric vehicles
(EVs), heating systems, and hot water systems, are ideal candidates for reliable controllable demand.
This demand can be integrated into daily life with minimal restrictions. As discussed with the French
aggregator Company B, an existing smart metering infrastructure is beneficial, but not essential, as
aggregators can implement their own measurement systems. The digital communications
infrastructure must be capable of reliably transmitting demand adjustment commands and handling
sensitive consumption data. In Germany, these transmissions are only permitted through the Smart
Meter Gateway.

Public Awareness and Acceptance

Participation in an aggregator-based flexibility program allows consumers to actively contribute to
grid-balancing and support the energy transition. However, as discussed in Chapter 3.3, additional
incentives are necessary. For instance, Company A passes on the profits traded from energy markets
to consumers. In the case of Company B, the primary economic benefit is a significant reduction in
electricity bills without a noticeable loss of comfort. Trust and data privacy concerns can impede
participation. The German Federal Office for Information Security (BSI) has addressed these concerns
by developing a high-security standard framework for future smart meters.

Regulatory Challenges and Facilitators

The economic viability of the aggregator-based approach depends on the aggregators’ access to all
suitable electricity markets or their ability to make direct remuneration agreements with grid
operators. The Regulation on Interruptible Loads (AbLaV) [26], introduced in 2012, established
guidelines for remunerating industrial Demand Response (greater than 110kV) by grid operators. It
defined a capacity remuneration in €/MW/year and set a range for the curtailed consumption
remuneration in €/MWh, based on the current electricity price. This regulation will expire at the end
of 2023 with no follow-up in sight. To develop a business model for residential demand aggregators, a
similar regulation would need to be extended to low-voltage grids.
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6 Adaptability within the German Energy Transition

Technical Feasibility

A 2022 investigation by the University of Cologne tested a range of different business models for
aggregators of residential demand. They employed power flow simulations for a 2030 scenario that
includes an increased electrification of the households by heatpumps, PV systems and EV charging
stations. The identified models were all technincally feasible. However, regulatory hurdles stand in
their way. For implementation, for example, the systems would have to be exempted from charges
and levies if they are operated in a way that is beneficial to the grid and the system. In addition,
mechanisms for marketing and procuring regional flexibility would have to be implemented to avoid
grid bottlenecks. An important component of this would be the amendment of §14a EnWG (Energy
Industry Act: Grid-orientated control of controllable consumption devices and controllable grid
connections), which regulates the integration of controllable consumption devices at the low-voltage
level. [27]

The Federal Grid Agency itself discussed potential regulation models for including residential
aggregators, but these haven’t been pursued yet. [28]

It becomes clear, that market-oriented flexibilization of residential demand by aggregators is
technically feasible in Germany. The remaining hurdles are therefore public acceptance and the
regulatory framework. Since the consumer willingness to participate in such mechanisms has not been
extensively studied in Germany, no definite statements can be made about the feasibility in this
regard. The regulatory framework however can be assessed. As stated above, the law concerning
remote control of household demand is §14a EnWG, which is set to be renewed and implemented in
2024.

Economic Feasibility

The revised version of §14a EnWG does not provide for the trading of residential energy flexibility in
the energy markets. It is primarily designed to allow grid operators to manage power at the household
connection point during overloads in the local low-voltage grid. This applies to situations where real-
time grid status measurement is not available, necessitating temporary power regulation within
specific time windows. As compensation, operators of adjustable consumption devices are granted a
standard reimbursement through reduced grid fees. Additionally, the installation of smart meters will
enable fully flexible grid fees. However, the strategy does not include market-oriented flexibility
procurement at the low-voltage level; such initiatives are expected to begin at the mediumvoltage
level. As a result, the development of a business model for aggregators of household flexibility is
unlikely. [29]

§14a EnWG mandates that grid operators should prioritise economic incentives and agreements on
grid connection services before switching to direct control of individual controllable consumption
devices [30].

Without an amendment of these regulations, it seems likely that household flexibility in Germany will
be limited to adjustments to dynamic electricity tariffs and the rare activation of controllable
consumption devices by a grid operator in the event of a risk of grid instability.

Recommended Actions

It remains to be seen if the new §14a EnWG will be able to satisfy the grid’s rising need for sources of
demand-side flexibility. If a market-oriented approach through aggregators of residential demand is
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considered in the future, a set of recommended actions can be determined in order to advance this
technology. A proposal for such actions is documented in Table 6.1.

Title/Action
Name

Action and Goal

Regulatory Framework
Development

Develop a comprehensive regulatory framework for residential DSM
through aggregators, defining roles and obligations.

Policy Introduce incentives (tax credits, subsidies) to encourage adoption of
Incentives DSM technologies in households.

Pilot Initiate small-scale programs to test feasibility and gather data for
Programs refining regulations.

Consumer Awareness
and Education

Launch awareness campaigns to inform consumers about DSM
benefits.

Interoperability
Standards

Establish standards for controllable devices to ensure compatibility.

Data Privacy and
Security Regulations

Implement regulations for protecting consumer data collected by
aggregators.

Tariff Evaluate and potentially revise tariff structures to incentivize flexible
Structures consumption.

Capacity Invest in training programs to enhance understanding of DSM
Building technologies.

Stakeholder
Collaboration

Facilitate collaboration among regulators, utilities, aggregators, and
tech providers.

Continuous Monitoring
and Evaluation

Implement a system for ongoing assessment of DSM programs.

Table 6.1: Recommendations for Advancing Residential DSM through Aggregators

Preceding the implementation of these actions, a thorough analysis of the currently accessible capacity
of household consumption devices, as well as their projections for the upcoming 5-10 years, and an
assessment of the public’s willingness to participate in such mechanisms would be equally crucial
(analogous to [18]), to determine the potential impact within the context of the energy transition. This
study could be initiated by DENA or an independent research institution, such as the Fraunhofer
Institute for Solar Energy Systems (ISE) or the Helmholtz-Centre for Environmental Research (UFZ).

Pilot Program

After considering the potential benefits and the public acceptance to participate, a pilot project would
bring reliable data about the real-world implementation. A set of recommended actions for such a

pilot program is proposed in Table 6.2.

Step Action Name

Description
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1 Define Objectives and  Clearly define the objectives. Set the scope by specifying the number of
Scope households, types of controllable devices, and the duration of the pilot.

2 Select Participants Identify a set of participants representing different demographics and
geographic locations. Ensure a mix of households with various energy
consumption patterns.

3 Engage Stakeholders Collaborate with regulators, utility companies, aggregators, and
technology providers. Establish partnerships and secure support for the
pilot project.

4 Ensure Regulatory Ensure that the pilot complies with existing regulations. Obtain

Compliance necessary approvals and waivers for testing DSM approaches.
5 Technology Implement technology solutions for aggregating and controlling
Integration controllable devices. Ensure interoperability and compatibility with
various devices in the households.

6 Consumer Conduct outreach programs to educate participants about the pilot, its

Engagement objectives, and the benefits of DSM. Obtain informed consent from
participants and address concerns.

7 Install Controllable Install necessary controllable consumption devices in the selected

Devices households. Ensure proper functioning and provide user manuals.

8 Data Collection and Set up a robust system for collecting real-time data on energy

Monitoring consumption and device usage. Implement monitoring to track the
performance of the system.

9 Implement DSM Test various DSM strategies, such as load shifting, peak demand

Strategies reduction, and response to grid signals. Evaluate the effectiveness of
these strategies in optimizing energy use and ensuring grid stabliity.

10 Feedback and Regularly collect feedback from participants regarding their experiences,

Adjustment challenges, and suggestions. Use this feedback to make necessary
adjustments to the DSM strategies or technology.

11 Evaluate Economic and Assess the economic benefits, like cost savings for consumers and

Environmental potential revenue streams for aggregators. Evaluate the environmental
Impact impact, including reductions in carbon emissions and effect on grid
stability.

12 Documentation and Document the entire pilot project, including methodologies, results, and

Reporting lessons learned. Prepare a comprehensive report summarizing the
findings and insights gained.

13 Knowledge Sharing Share the outcomes of the pilot project through workshops,
conferences, and publications. Disseminate knowledge to stakeholders,
regulators, and the broader energy community.

14 Scale-Up Provide recommendations for scaling up residential DSM initiatives.

Recommendations Propose adjustments to regulations, incentives, and technologies for
broader implementation.

15 Continuous Design a framework for continuous improvement based on ongoing

Improvement monitoring and feedback. Use the lessons learned to refine strategies,

technologies, and regulatory frameworks for future implementations.

Table 6.2: Recommendations for a Pilot Project to Advance Residential DSM through Aggregators
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