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Abstract: In light of the advancing energy transition and an increasing amount of intermittent
renewable energy to be integrated, flexibility from distributed energy resources will be key. In this
paper, the Italian UVAM (Unita Virtuali Abilitate Miste, i.e., virtually aggregated mixed units) project,
one of the biggest pilots in Europe to serve this purpose, is critically reviewed and mapped after two
years of operation. The pilot is analyzed on a global level as well as the individual participant level.
Based on the extensive analysis of actual market data, different strategies of participating companies
to obtain capacity in accordance with the pilot project’s design are identified. Furthermore, the
specific bidding strategies of individual participating units on the balancing market are outlined.
Alongside this, the overall pilot project’s market integration, in terms of offered and accepted bids, is
depicted. The thorough data analysis, therefore, serves as an input and fundamental building block
for future electricity market modeling. Comprehending specific data from the coronavirus disease
2019 (COVID-19) pandemic, provides insights for future high renewable-energy scenarios. Based on
the analysis findings, valuable deliverables are devised for both policy-makers and decision-makers
who aim to leverage the flexibility potential of distributed resources.

Keywords: ancillary services; balancing services; clean energy package; decentralized flexibility;
distributed energy resources; energy regulation; Italian electricity market; renewable energy sources;
virtual aggregation

1. Introduction

By aiming for a significant reduction of greenhouse gas emissions, the signing parties
of the Paris Climate Agreement have laid the contractual foundation for decarbonizing
our society. Based on the national commitments towards the “well below 2 °C” target, the
signing parties formulated measures to reach the envisaged global CO, emission reduction
and to corroborate the first climate agreement on a fully global scale. Consequently, together
with the Clean Energy Package (CEP), the first national energy and climate plans were
introduced on a pan-European level. The latter defined for the first time legally binding
targets, specifically for 2030 a 40% greenhouse gas emissions reduction relative to 1990, an
overall renewable energy share of 32% and an interconnection target for electricity markets
of 15% [1].

In case of the electricity sector, the revised climate goals imply that the already ele-
vated share of generation from renewable energy sources (RES) has to increase further
at the expense of a decreasing share of fossil-fueled generation. Due to the inherently
unprogrammable nature of most RES, like solar and wind, electricity markets (EM) face an
increasing volatility and need for balancing from ancillary service markets (ASM). Until
now, ASMs have been dominated by conventional fossil-based generation capacity. Since
such emission-intensive generation capacity is being phased out, ASMs are already noting
a growing scarcity. In Italy, the reserve capacity margin at peak load decreased from 25 GW
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in 2012 to 7 GW in 2017 [2]. In line with the increasing scarcity, the costs for addressing
the balancing needs skyrocketed, so that 1.27 billion € had to be spent for congestion
management in 2017 at European level in 2017. According to the European Network of
Transmission System Operators for Electricity (ENTSO-E), this represents an increase of
25% compared to 2015 [3].

The combination of a changing generation portfolio, an increasing need for ancillary
services (AS) and the scarcity of adequate generation capacity for ASMs call for new
flexibility sources to ensure long-term resource adequacy and security supply [4]. Given
that the energy transition is not only characterized by decarbonization and decentralization
but also fostered by digitalization, a group of previously untapped resources might be able
to provide ancillary services [5]. Targeting the flexibility of rather small and decentralized
resources, the CEP fosters the concept of end-user aggregation. Such aggregation combines
multiple small units to one large unit through a so-called virtual power plant [6]. Through
the aggregated dimension, they can potentially participate on EMs and ASMs that each
individual unit by itself would not be able to access. This unlocks additional revenue
streams for operators of such decentralized energy resources (DERs) and allows grid
operators to make use of distributed ASs. Virtual aggregation of DERs might therefore
become an essential building block for an effective energy transition and an increasing
integration of RES [7].

The concept of virtual aggregation is progressively introduced at pan-European level
and transposed into specific market designs at the individual member state level. The
Italian large-scale pilot project UVAM (Unita Virtuali Abilitate Miste, i.e., virtually ag-
gregated mixed units), fully operational since January 2019, is one of the biggest pilots
in Europe to serve this purpose. The very heterogeneous pool of new players that enter
the market makes the creation of an even playing field for the aggregated units highly
complex. Specific details of the market design can have a decisive impact and could lead
to either positive and negative market developments [8]. This paper therefore aims to
critically review and map the Italian UVAM project around two years after entering in full
operation. We analyze implications of the project’s auction scheme for capacity assignment
and subsequent market interactions based on empirical data for both individual units as
well as the project as a whole. By identifying weaknesses and strengths of the chosen
design elements, this analysis contributed to the understanding of end-user aggregation.
To the best of our knowledge, this is the first full-scale analysis for the market integration
of 1 GW of distributed flexibility over such an extensive timeframe. The study covers
the 18 months period from January 2019 to June 2020, including the first months of the
coronavirus disease 2019 (COVID-19) pandemic. These months were characterized by a
lower electricity consumption while the feed-in from renewable energies remained con-
stant, thus providing additional insights with regard to high RES share scenarios. The
detailed analysis presented in the following can therefore serve as input for future work
on electricity market design and electricity market modeling. Our findings can support
policy- and decision-makers to evaluate the flexibility potential of distributed resources.

The remainder of the paper is structured as follows: Section 2 outlines the European
regulatory framework for virtual aggregation and flexibility provision from DERs and its
role for several pilot projects and selected market reforms. Building upon that, Section 3
describes the Italian transposition of the European framework in the UVAM pilot project,
highlighting specific technical requirements and legislative boundary conditions. Section 4
describes the collected data and introduces the methodology for the detailed analysis and
mapping of the UVAM project. Section 5 presents the respective results at individual
operator and market level. Section 6 discusses the resulting controversies with respective
policy implications. The main findings are summarized in Section 7.

2. The European Framework

The UVAM project is part of a broader paradigm shift towards distributed resources
and their market access at the European level. As the new European energy regulation
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framework, the CEP was presented by the European Council in 2018 and approved by the
European Parliament in early 2019. Out of the eight legislative packages, the Renewable
Energy Directive 2018/2001 [9], the Electricity Regulation 2019/943 [10], and the Electricity
Directive 2019/944 [11] cover the concept of (end-user) aggregation and flexibility provision
from DERs.

The new framework entitles final consumers inter alia to:

1. act as active consumers (2019/944, Article 15.1) and specifically become renewable
self-consumers (2018/2001, Article 21);

2. toaggregate (2019/944, Article 13);

3. tosell self-generated electricity and participate in flexibility schemes (2019/944, Arti-
cle 15.2).

Aggregation is thereby defined as “a function performed by a natural or legal person
who combines multiple customer loads or generated electricity for sale, purchase or auction
in any electricity market” [11]. As such, not only aggregated generation but also Demand
Response (DR) by final consumers with an estimated potential between 50 to 100 GW in
Europe is entitled to participate in all EMs (2019/944, Article 17). Moreover, member states
are requested to ensure that both transmission system operators (TSOs) and distribution
system operators (DSOs) consider DR through aggregation in a non-discriminative manner
when procuring flexibility [12-14].

Additionally, it is stated that member states shall provide the necessary regulatory
framework and dedicated incentives for the use of flexibility in distribution networks
(2019/944, Article 32). This implies the provision of decentralized flexibility services,
given that traditional ASs are connected at the central transmission level and, therefore, by
definition unable to deliver specific local services at the distribution level. This represents
a paradigm shift for DSOs. In contrast to their rather passive role, they will become active
system operators. As such, they would have to procure flexibility, either from still to
be established local flexibility markets or through the already existing central flexibility
markets. In the latter case, the central flexibility markets would have to integrate the
decentral flexibility resources by preserving their locational information so that DSOs
could still procure specific local ASs [15]. Different market designs for local flexibility
markets are currently piloted in different European member states. Since the UVAM project
is part of such new market designs, the following two subsections provide an overview of
the main ongoing pilot projects related to decentralized flexibility at the European level
and reflect on general policy decisions implemented in major European markets.

2.1. Pilot Projects in the European Context

Several pilot projects have been implemented at distribution and transmission level in
different EU member states in order to study end-user aggregation and active participation
of DERs in network management as defined by the CEP. The essential characteristics of
the main projects at the European level that aim to enable flexibility provision and market
integration from distributed resources are briefly discussed and compared in the following.
This allows contextualizing framework conditions of the UVAM project.

One of the key differences between the projects is their geographic scope, with projects
targeting either national (or even cross-border) level or aiming at a local scale. Among the
first type of projects we can find:

e  EU-SysFlex, a project that aims at creating a common marketplace for all frequency
and congestion management products jointly procured by TSO and DSO [16];

e  CoordiNet, a project that aims at creating a common TSO-DSO market on a national
level [17,18];

e the Dutch GOPACS project that enables distributed resources to participate in the
national EM [15];

e  FutureFlow, a project that aims at investigating a cross-border AS market [19].

Projects with a more local scope include:
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Dominoes that aims at establishing a peer-to-peer (P2P) based local market [20];
Enera project, a local platform where TSOs can purchase flexibility to avoid wind
curtailment [15];
e  FEVER project, aiming inter alia on DSO-DSO flexibility trade through local flexibility
markets as well as peer-to-peer solutions for flexibility trade amongst local agents [21];
e  GoFlex that aims at creating a market platform for the effective use of flexibility at the
distribution level [22];
InterFlex, a DSO focused project to address distribution contingencies [23,24];
NODES, a Norwegian project to procure flexibility for the DSO [15];
Piclo Flex, an independent platform for DSOs to tender specific locational flexibility
needs, which can be met by small-scale generators, active consumers and or aggrega-
tors [15].

According to the project’s scope, the AS products provided may range from TSO
services such as frequency control, voltage control and congestion management to DSO-
related services such as local congestion management, voltage support, increased network
hosting capacity and peak shaving. Some of the projects introduce aggregators to the EM.
This is done by enquiring standard products similar to intra-day bids for the adjustment
of injection/withdrawal programs, in order to actively solve balancing responsible party
(BRP) imbalances on an EM market-level instead of passively solving it through subsequent
balancing markets (BM) (see [15]). In other cases, no predetermined standard products for
new entrants such as prosumers or aggregators are designed. This means that they can de-
sign their own offers based on a range of given parameters. In this way specific and tailored
services (e.g., custom time slots, location, generation source) can be offered and eventually
valued, such as in the NODES project [15]. The technical scope is another differentiating
factor across all pilot projects. Some of them focus on the physical level, e.g., proposing
practical solutions to overcome possible TSO-DSO coordination problems [16,19,24]. Oth-
ers aim to create an operative trading platform within the market [15,20]. Table 1 provides
a comparative but non-exhaustive overview of key characteristics of the respective projects.
The Italian UVAM project is included in the overview, with detailed project explanation
following in Section 3.

Table 1. Key facts on selected European pilot projects for market integration of flexibility from decentralized energy

resources (DERs) (not exhaustive).
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All these projects aim to create a technology-neutral framework, which permits all
participants, be they prosumers, aggregators or DERs, to participate and develop their
own business case. However, given the complexity arising from a large number of differ-
ing actors being involved in this process, namely network operators, market operators,
aggregators and research institutions, in most cases pilot projects are implemented in a
closed sandbox environment. As such, most of them do not aim for a full integration
into national markets. Additional to projects addressing DERs and aggregators’ market
integration, several other projects explore technologies that enable distributed flexibility,
such as DA/RE, DELTA, and inteGRIDy projects [37-39].

2.2. Market Reforms in the European Context

Independent from the implementation of pilot projects, European market designs
are evolving in order to allow for the integration of more flexibility and ancillary services
from DERs. Above all, markets moved closer to real-time trading with shorter product
durations, smaller bid sizes and increasing integration of DR as well as virtually aggregated
units. France was among the first to introduce amendments based on the publication of
the CEP, moving the procurement of frequency containment reserve (FCR) from a weekly
to a daily basis in July 2019. Notable is also the comparably small product resolution for
the automatic frequency restoration reserve (aFRR) of only 30 min. The minimum bid
size for FCR and aFRR is already at 1 MW, while as of now only the manual frequency
restoration reserve (mFRR) remains at 10 MW. Enabling non-symmetrical aFRR and mFRR
bids, the French BM allows for effective participation of DR and DERs. Shortcomings
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remain that DR is practically excluded from aFRR since it is obligatory for large-scale
generators and also the min bid size of 10 MW for mFRR represents still a notable obstacle.
Virtual aggregation of smaller units to participate in the ASM is allowed, aggregation of
demand and generation in the same pool, however, is not allowed [40,41].

Similar to France, also Germany reduced timeframes for AS tendering gradually
with FCR tendering changing from weekly to daily resolution in July 2019, which was
further reduced to four-hour products in July 2020. In line with that, mFRR products are
tendered daily with a four-hour resolution, although aFRR remains with 24 h resolution.
The minimum bid size is 1 MW for FCR and 5 MW for aFRR and mFRR, but given
special conditions, 1 MW can participate in aFRR and mFRR as well [42]. Only the
products category of FCR is symmetrical and virtual aggregation of generation and demand
is allowed. Notably, all balancing services are open to all market participants and all
technologies, as long as they fulfill the technical requirements [43]. Battery storage systems
are therefore mainly active in FCR and also intermittent RES (e.g., wind turbines) participate
in negative mFRR [40,44].

Another market with advanced adoption of CEP provisions is Great Britain. Previously
criticized for its complex product and market structure, the TSO National Grid started
modifying some of its balancing product categories to streamline and standardize the
manifold products [40]. Firm frequency response (as FCR equivalent) is mainly tendered
on a monthly basis but started weekly tendering trials in June 2019. The procurement
of the product category called “Fast Reserve” (as aFRR equivalent) was suspended in
January 2020 as its monthly tendering did not comply with CEP regulations and the
National Grid considered the switch to day-ahead procurement as unsuitable [45]. The
procurement of the short-term operating reserve (as equivalent to mFRR), on the contrary,
was modified and moved to a shorter timeframe closer to real-time, i.e., on a 24 h basis at
day-ahead [46]. Minimum bid sizes for FCR and mFRR are 1 MW and 3 MW, respectively.
Virtual aggregation is allowed for specific product categories such as mFRR [40,41].

In Spain, providing FCR services is mandatory for large generation plants and not
remunerated. aFRR and mFRR, on the contrary, are contracted through a market approach
on a day-ahead basis [40,41]. Since 2019 the minimum bid size has been reduced from
previously 10 MW to 1 MW. Non-programmable RESs are nowadays eligible to provide
aFRR, mFRR and restoration reserve (RR) [47]. Demand is excepted to become eligible for
RR from early 2021. Aggregation of generation is already allowed, however, only for the
same technology. Demand-side aggregation is expected to be permitted by early 2021 [18].

Like Spain, the Italian market used to be a relatively closed market concerning bal-
ancing services with a central dispatching approach and a strongly proactive TSO. Still
considered to be one of the least opened ASMs in Europe in 2018, by effectively not allow-
ing DER participation with capacities below 10 MW in ASM [40], significant market design
changes have been introduced over the last years. The following section recaps the Italian
market transition and the development of a nation-wide framework for the participation
of prosumers (and aggregates of such) in the ASM through the UVAM pilot project.

3. The Italian Framework

Despite multiple liberalization reforms and unbundling, the Italian market remains
highly regulated and rigid in many regards. The Italian peninsula’s geography, narrow
and with orographic obstacles, has been a challenge for the development of the national
transmission network, which to this day often faces congestions and security concerns,
especially in the southern area. To overcome these issues, the legislator designed an
EM tailored to the network’s technical needs, establishing strict rules and opting for an
implicit auction framework on the intra-day market. Although postponed multiple times,
continuous trading through the European Cross-Border Intraday market initiative (XBID)
shall accompany the implicit auctions towards the end of Q1 [48,49]. The aforementioned
challenges also affect the operation of the ASM, which is exclusively used by the TSO to
procure resources and guarantee system stability. For conventional generators market



Energies 2021, 14, 1910

7 of 29

access requirements are among the most rigid in Europe and until recently it was among the
most restricted for distributed generation (DG) and DR. Qualified conventional generators
are obliged to provide primary, secondary and tertiary reserve (i.e., FCR, aFRR, mFRR and
RR in ENTSO-E terminology), while the fundamental requirement to participate in the
current ASM is the qualification as a relevant production unit. Such units must be bigger
than 10 MVA and not being powered by intermittent renewable sources. This excludes
both DG and DR of all those small and medium-sized prosumers that are fundamental in
the energy transition.

Consequently, a decisive redesign is needed to meet the requirements set by the CEP.
This motivated the Italian regulator ARERA (Autorita di Regolazione per Energia Reti e
Ambiente) to publish a resolution in 2017 which asks the TSO Terna to design innovative
pilot projects [50]. The main objective of these projects is to gather insights about useful
elements and experience, which could serve as the basis for comprehensive market reforms.
These reforms aim to involve DG and DR in the ASM and to achieve greater integration
of RESs into the network without compromising the principle of technological neutrality.
Having said this, the findings of the large-scale Italian pilot projects do not only provide
insights for the upcoming Italian market reforms, but at the same time can serve as points
of reference for policy-makers around the world.

The first UVA project (Unita Virtuale Abilitata, i.e., enabled virtual unit) to be imple-
mented was the UVAC project (Unita Virtuali Abilitate di Consumo, i.e., enabled virtual
consumption units) in June 2017 [51]. Through the project, consumption units could
aggregate into clusters. For this project, the virtual unit’s minimum size was reduced
from 10 MW to 1 MW, allowing small-sized operators’ participation. Contracted services
were the so-called tertiary reserve (mFRR and RR in ENTSO-E terminology) as well as
balancing service.

The second project, launched in November 2017, was the UVAP (Unita Virtuali Abili-
tate di Produzione, i.e., enabled virtual production units) project [52]. This project aimed at
clustering production sites to provide the same services such as UVACs plus congestion
management service.

In November 2018, the UVAC and UVAP projects finally converged in the UVAM
(Unita Virtuali Abilitate Miste, i.e., mixed enabled virtual units) project [53]. This third and
final project aims to enable the ASM participation as virtual aggregates of consumption
and distributed generation units as well as storage systems. For the sake of simplicity, such
virtually aggregated units are always called “UVAMs” from now on. “UVAM project” is
used instead to refer to the project as a whole.

The perimeter of individual UVAMs was initially defined by the TSO on a provincial or
regional basis, without considering the electricity grid’s physical characteristics. Moreover,
the UVAM is operated by a BSP (balancing service provider), which participates with
the virtual unit in the ASM. For the participation in the EMs such as day-ahead and
intraday market, however, individual consumption or production units within the virtual
aggregate continue to belong to BRPs. Within this framework, and in line with respective
European regulation, BRP and BSP therefore may or may not coincide for a virtually
aggregated unit [54]. While only one BSP will operate each such virtual unit on the ASM,
potentially multiple BRPs might manage the EM operation of individual load or generation
units belonging to the aggregate. This leads to a number of difficulties regarding their
management and remuneration, as criticized by operators [55]. Initially BSPs needed the
permission of every BRP for individual units joining the virtual aggregate. However, this
has been overturned by the regulator to BSPs now simply notifying BRPs about individual
units” participation [56]. UVAMs must have at least 1 MW of scalable capacity (both
upward and or downward) providing the same services as UVAPs: mFRR, RR, balancing
services and services for congestion management. The aggregates’ minimum size is the
result of a reform process that aims at enabling the participation of smaller-sized operators.
Decided by the Italian authority, it started from 10 MW in 2017 and reached 1 MW as
of today. For the future, there is a proposal to further reduce the minimum capacity to
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0.2 MW [57]. For the sake of simplicity and since all four products are traded as one single
product on the Italian ASM, we refer to the sum of these products as balancing services
(BS) in the following. Units are generally distinguished as contracted and non-contracted
UVAMs. The distinction is based on the two potential remuneration mechanisms:

e a pay as bid mechanism for activation, i.e., the standard remuneration derived
from ASM;
e an additional (temporary) tender mechanism.

Non-contracted UVAMs are eligible only for the first remuneration mechanism and
operators are free to place as many or few offers as they like on the ASM. Contracted
UVAMs, on the other hand, are eligible for both remuneration mechanisms, but they have
more stringent constraints regarding offer commitments. In this case, bids for upward
balancing are mandatory with the UVAMs full capacity for at least 2 or 4 consecutive
hours in the range between 14.00 and 20.00 every day from Monday to Friday. In general,
activation needs to occur within 15 min and is monitored in intervals of 60 or 4 s depending
on the units’ size. Additionally, to be eligible as a contracted UVAM, each virtual unit needs
to consist of at least 50% of programmable capacity, be it on the generation or consumption
side. The actual composition of each virtual unit is up to the aggregator (i.e., BSP), who is
at the same time also responsible for guaranteeing the units’ availability for the obligatory
bids. The resulting payments for operators are then defined as:

e avariable activation payment equal to the price offered by the operator of the UVAM in
the ASM (with a price cap of 400 €/MWh), recognized only in the event of acceptance
of the bid on the ASM and limited to the quantities awarded;

e afixed availability payment set in a pay-as-bid downward auction with a price cap
placed at either 15,000 €/MW /year or 30,000 €/MW //year in case units qualify as
contracted UVAMs.

The implemented auction scheme consists of one auction per year with annual dura-
tion products, three interim auctions with “multi-month” products and finally 12 monthly
auctions. The total amount of capacity to be procured and integrated by the TSO shall
amount to 1000 MW, making it one of the most ambitious projects of BS provision from
DER in Europe.

4. Materials and Methods

In order to evaluate the outcomes of the ongoing UVAM project and analyze its effec-
tiveness in terms of improving the integration of virtual aggregated units and aggregators
in general in the ASM, a methodology for the analysis of public data is described in the
following. Two different data sources have been selected, namely the results of the auction
for capacity allocation and the outcomes of the Italian ASM clearing.

Concerning the capacity auction, the quantities (expressed in MW) assigned to each
operator and the weighted average price awarded through the pay-as-bid auction are
published by the TSO Terna on its website [36]. By using this data, it is possible to monitor
the amount of capacity allocated to aggregators in the different contracted periods and
study their response to the incentive scheme. The Italian market operator GME (Gestore
dei Mercati Energetici) publishes the outcomes of ASM clearing for each day (i.e., 24 hourly
periods) the complete set of energy bids submitted (both accepted and rejected) by operators
in the Italian ASM along with respective data from the EM [58].

Unlike capacity data, UVAM energy bids are not immediately accessible but require
extensive data manipulation. First, published market data is subdivided into EM results,
MSD ex-ante results (Mercato dei Servizi di Dispacciamento ex-ante, i.e., the Italian day-
ahead ASM, for scheduling purposes) and MB results (Mercato del Bilanciamento, i.e.,
the Italian near-real-time ASM, for balancing purposes). Since UVAMSs can participate in
both ASMs, the amount of offered/accepted quantity is computed as the sum of the two
individual results for each hour. Moreover, since the raw dataset also contains “revoked”
offers withdrawn by the operators, such offers need to be removed. The market results
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are published in daily datasets, each consisting of 24 hourly intervals, including different
offered products such as: aFRR, start-up, and the product named “other services” that
includes RR, congestion management and balancing services. This last product is further
characterized by five different steps of offer (called “AS”, “GR1”, “GR2”, “GR3”, “GR4”), in
ascending offered price order. For this study, the daily datasets under investigation, from
1 November 2018 to 30 June 2020, are aggregated in a single database containing all relevant
days. At the same time, the analysis focuses exclusively on the product “other services”, as
this is the only product aggregators can offer with UVAM units. The five offering steps
within the same product category are kept separate since the ASM is operated under
the pay-as-bid principle. Yet, the resulting dataset does not explicitly indicate the offers
submitted by UVAM units compared to other operators’ offers. In the data preparation
process, these offers are obtained by comparing market data from periods prior to the start
of the pilot project (new units appeared in the daily datasets after 1 November 2018 when
UVAM units were allowed in the market) and by analyzing the offer patterns of these
agents (UVAMSs tend to follow a peculiar and defined pattern, as discussed in Section 5.3).
By filtering market data in this way, a recurring labeling is recognizable at most of the
remaining offers, which helps to understand the market operator’s categorization to list
UVAM offers. This finding is supported by the fair correspondence of the resulting ASM
quantities with those assigned through capacity auction, as well as by the fact that the
identified units almost never bid higher than the price cap of 400 €/MWh during the
obligatory hours as required by one of the criteria for the incentive recognition.

Once the complete dataset is obtained, it is possible to analyze individual UVAM
performances with respect to the total market offers t. Four parameters characterize each
offer: the Italian market zone that the unit belongs to z = {north, cnorth, csouth, south,
sicily, sardinia}, the balancing direction (upward or downward) of the offer u = {up, down},
the price step g = {AS, GR1, GR2, GR3, GR4}, the time interval (hour) in which the offer
was submitted h = {1, 2, 3, ..., H} (where H represents the total number of intervals
in the considered period). At this stage, the different products traded by each UVAM,
characterized by quantity q;,z,h, 2 and price P;,z,h, o are computed to obtain both, the overall
quantity offered in each hour:

qu,z,h = Zg q;/z,h,g (1)

and the weighted average price (with respect to the previously mentioned five offer steps g):

i i
_ Zg (qu,z,h,g'pu,z,h,g)
uzh = i
Zg qu,z,h,g

@)

Along with the analysis of individual UVAM behavior, a global analysis of market
results concerning the aggregators is possible by computing the global offered quantity
and weighted average price, in each hour and for each balancing direction:

Qu,h = Zg Zz Zi qit,z,h,g (3)

RYIEY (‘iil,z,h,g'l" ;,z,h,g)
Zg Ez Ei q;,z,h,g

In Figure 1, the workflow described in this section is depicted starting from raw
market data to the individual and global analysis of UVAM performances. In the following
section, the data preparation methodology outcomes are used to perform an in-depth
investigation of aggregators’ behavior.

4)

u,h
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Figure 1. Market data elaboration methodology.

5. Results

To elaborate the UVAM project’s evolution with a holistic approach, the study is
systematically divided into four quadrants as highlighted in Figure 2. As a first focus
of analysis, the auction results for contracted UVAMs are compiled. They are therefore
evaluated both on a global project level as well as on an individual operator level, consti-
tuting the capacity level of the pilot project and therewith the first two parts of the analysis.
Subsequently, the actual ASM participation of individual UVAM units as well as by the
overall project as a whole is studied. Thereby the energy level of the pilot is depicted in the
third and fourth part of the analysis.

capacity
™7
Analysis pt. 1 Analysis pt. 2
Pro pct’s 0 perator’s
auction developm ent auction developm ent
\ J o
global individual
4 ™
Analysis pt. 4 Analysis pt. 3
Pro pct’s A ggregated units’
ASM participation ASM participation
/|
energy

Figure 2. The four quadrants of the UVAM (Unita Virtuali Abilitate Miste, i.e., virtually aggregated
mixed units) project analysis.

5.1. Analysis Part 1: Project’s Auction Development

Since the beginning of the UVAM auctions in January 2019, the participating capacity
grew steadily. Out of the 1000 MW put out for tender, approximately 350 MW were
contracted immediately through the initial annual auction (blue-toned bars in Figure 3).
The first multi-month auction contracted around 165 MW for the period from April to
December (green-toned bars), the second multi-months auction another 285 MW for the
period from July to December (yellow-toned bars) and the third multi-months auction
another 145 MW for the period from October to December (grey-toned bars). On top of
these relatively long-term auctions, the monthly auctions additionally provided between
45 and 185 MW (red-toned bars). The assigned capacities are differentiated based on their
geographic distribution, being in the north (so-called zone A) or the south of Italy (so-called
zone B). The overall capacity was, thereby, split into 800 MW for the North and 200 MW for
the South. Starting from May, some contracts for assigned capacities from auctions have
been revoked without further specification, summing up to 78 MW in December (bars with
dashed black line). As mentioned previously, besides these contracted UVAMs also the
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non-contracted UVAMs exist, whose overall capacity varied during the first six months of
2019 with decreasing tendency between 200 and 150 MW.
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Figure 3. Development of contracted UVAM capacity during the first year of implementation.

While the total capacity is continuously rising, the initial target of 1000 MW of con-
tracted capacity has been missed narrowly due to revoked quantities in 2019. With the
end of December 2019, all auctions’ contract duration expired and the entire capacity was
put out again as new tenders for 2020. Thanks to additional units being qualified in the
meantime, the auctions completely filled up for the first time in Zone A. Also in Zone B
191.4 MW out of the 200 MW were assigned immediately through the new annual auctions.
The remaining 8.6 MW were then first assigned to monthly auctions and then eventually
assigned through the first round of multi-months auctions from April to December 2020.

Given that in 2019 individual auction volumes were never fully utilized, the re-
sulting auctions’ clearing price initially remained relatively close to the price cap of
30,000 €/MW /year. Figure 4 shows the allocated capacity versus the assigned capac-
ity in the monthly auctions of 2019 for Zone A (left chart) and B (right chart), respectively,
as well as the corresponding average clearing price. The auction volume made available
by the TSO for the monthly auctions decreases every time a new multi-month auction
assigns additional capacity until the end of the year. With the envisaged overall target
of 1000 MW, the difference between the allocated and assigned capacity of the monthly
auctions can be interpreted as the missing capacity to reach the target. Revoked contracts
are visible especially from August onwards as additional capacity made available through
monthly auctions to refill the gap in overall quantity. First, modest signs of perceived com-
petition can be noted from July, with the weighted average clearing price no longer being
30,000 €/MW and starting to decrease. In December 2019 it reached 29,007 € /MW /for Zone
A and 29,469 € /MW /year for Zone B, before dropping more significantly to 26,122 € /MW
and 28,745 € /MW for the new annual auctions in January 2020. The last 8.6 MW being
contracted in April for Zone B reached a clearing price as low as 18,841 € /MW. Overall
spending on capacity assignments for UVAMs amounted to approximately 21.6 million €
in 2019 and 26 million € in 2020.

Besides the increase in capacity under the auction scheme, also the number of par-
ticipating companies in the pilot project rose from an initial 12 in January 2019 to 27 in
December 2019, as reported in Figure 5a. To quantify the auction scheme’s market concen-
tration, the commonly used the Herfindahl-Hirschman index (HHI) as the sum of squared
market shares per firm is calculated. Empirical literature usually follows primary definition
through the Horizontal Mergers Guidelines by the US Department of Justice as well as the
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Federal Energy Regulatory Commission, according to which values below 0.1 indicate un-
concentrated markets, whereas values below 0.1 and 0.18 indicate moderately concentrated
markets and values above 0.18 highly concentrated markets [59-62]. Slightly deferring
from this definition, the European Commission sets the lower level for high concentration
to 0.2 [63]. Over the course of the first year of implementation, the market concentration
in the UVAM project eventually decreased from a highly concentrated market with an
HHI value of 0.26 towards a moderately concentrated market with an HHI value of 0.19.
Compared to that, the HHI of gross electricity generation in Italy equaled 0.05 in 2019 [64].
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Figure 4. Development of monthly auctions during the first year of implementation for (a) Zone A; (b) Zone B.
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Figure 5. Development of number of UVAM auction participants during the first year of implementation in terms of:
(a) Herfindahl-Hirschman index and (b) market share as of December 2019.

Another measure to analyze market power is the concentration ratio (CR) as the n
largest actors’ market share [60]. For EU practices, a CR3 value (representing the concen-
tration ratio for the three largest operators) between 40% and 70% indicates a medium
concentrated market, whereas any higher value indicates a strongly concentrated mar-
ket [62]. Taking the UVAM project shares from December 2019, the calculated concentration
ratio of CR3 = 0.59, similar to the HHI value, indicates an evident market concentration in
the UVAM project, compared to a CR3 value of 0.33 for net electricity generation in Italy
in 2019 [64]. Most of the UVAM operators participate with a comparably small capacity
(16 out of 27 with 10 MW or less overall) and similar to the Italian electricity market in
terms of net generation, the UVAM project is dominated by five operators with more than
5% of market share as of December 2019. The ranking is headed by Enel X, a subsidiary
of the former Italian incumbent Enel. Respective market shares in the contracted UVAM
auctions are reported in Figure 5b.
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5.2. Analysis Part 2: Individual Operator’s Auction Behavior

Besides the overall auction development, single companies’ evolution has been elabo-
rated to highlight individual business strategies and developments. Figure 6 illustrates the
exemplary participation in different auction types for the three companies Edelweiss Spa,
EGO Trade Spa and Enel X Italia Spa. First of all, it can be seen how the overall offered
and assigned capacity per company grows step by step. Considering that auction volumes
never were filled utilized, all eligible offers were accepted by default and the assigned
capacity equals the offered capacity by each company. The stepwise increase in capacity
therefore can be seen as a measure of how the companies obtain more and more capacity
ready to be admitted to the UVAM project.
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Figure 6. Capacity assignment through different auction types during 2019 for selected companies, namely (a) Edelweiss
Energia SpA, (b) EGO Trade SpA and (c) Enel X Italia SpA.

Second, although the dimension of assigned capacities varies up to an order of mag-
nitude between the companies, one significant behavioral pattern can be noted across all
three companies. They all exploit the multi-month auctions as much as possible, while
using the single monthly auctions as a buffer until the next multi-month auction starts.
This is specifically visible for Edelweiss Energia Spa at the transition from March to April,
swapping the entire former monthly capacity (red bars in Figure 6) into the multi-month
capacity from April to December (green bars). The other two operators act similarly at
the beginning of the new multi-month auction from July to December (yellow bars). This
happens presumably against the background that market participants are aware that the
TSO’s capacity target has been almost reached and that in such a case, auctions would no
longer be accepted by default. Such behavior can, therefore, be interpreted as a hedging
strategy towards expected competition and decreasing prices.

5.3. Analysis Part 3: Individual UVAM Unit’s Ancillary Service Markets (ASM) Participation

As described in Section 3, the fixed availability payment allocated through the previ-
ously described auctions is only one part of the potential double remuneration mechanism
for each UVAM. The second is the variable activation payment which can be obtained
through successful participation in the ASM. Only with an offer being more competitive
than others on the market, be it by price or locational advantage, is the UVAM asked to
provide flexibility and subsequently receives the corresponding payment.

Figure 7 illustrates the ASM participation of four aggregated units with offered up-
ward services (chart above) and offered downward services (chart below) during one rep-
resentative week of June 2019, starting from Sunday 9 June 2019 to Saturday 16 June 2019.
The characteristic differences in offering strategies of the respective UVAMs are clearly
recognizable, differing by hour and weekday. The patterns are shown exemplarily for the
four units but are found in a majority of UVAM units as shown later.
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Figure 7. Hourly upward bids (chart above) and downward bids (chart below) of four individual UVAMs during one
representative week.

While some units like UVAM 1 (green colored in figure) and UVAM 2 (yellow-colored
in figure) offer a constant quantity of upward services, other UVAMs such as UVAMs 3
and 4 (blue and red-colored respectively in figure) offer their nominative quantity only
during obligatory hours and an insignificant quantity during other hours. Additionally,
while all UVAMs offer the compulsory upward services, just a few UVAMs, such as UVAM
3, offer the optional downward services (usually then during the non-obligatory hours for
upward offers).

Also concerning the offered price, different strategies are noticeable. While UVAMs 2
and 3 offer their upward services at somewhat competitive prices close to the weighted
average market price, the other two offer far beyond that. UVAM 1 offers even at the general
market price cap of 3000 €/MWHh (i.e., the Italian value of lost load, VOLL) and only during
the obligatory hours at the respective UVAM price cap of 400 €/MWh. Based on what
has been observed for the exemplary UVAMs in Figure 7, it is possible to define a set of
representative strategies that allows to categorize UVAMs according to their individual
behavior. Moreover, this analysis highlights the evolution of the market agents” behavior
over the project duration, representing a fundamental basis for a future simulation model.
The four identified representative strategies are:
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e  Strategy I: UVAM bids significant quantity only during obligatory hours (from 2 pm to
8 pm) and insignificant quantities otherwise (see UVAM 3 & 4);

e  Strategy II: UVAM bids (when bidding) a constant quantity of upward services through-
out the year (see UVAM 1 & 2)

e  Strategy I1I: UVAM bids (when bidding) their service at constant price throughout the
year (see UVAM 2, 3 & 4)

e  Strategy IV: during some time interval, UVAMs offer their service at VOLL price
(see UVAM 1)

In this analysis, we cover only upward services since downward offers represent only
a fraction of the overall offered quantity. Specifically, only 16 out of 208 UVAMs offered
both upward and downward services in 2020 and no UVAM at all offered exclusively
downward services. Moreover, the UVAM incentive scheme does not include any obliga-
tions concerning downward services and, in fact, no clear strategies are detectable in our
data set. The results of the upward service analysis show multiple combinations of the
aforementioned strategies, as can be seen below in Table 2.

Table 2. Combination of strategies adopted by UVAMs in 2018, 2019 and 2020.

Strategies Year
2018 2019 2020
! I m V Tow - o [ W | % | MW | (R
o O O O 0.0 | 23.9% 742 | 69%
§ o o O O 0.0 | 13.8% 728 | 6.8%
% o O o O 28 1 2.7% 874 1 84% 1218 1 11.4%
|
£ O | @ | @ | O | w9 !
5 O | @ O] O | o
2 O o o O 49
O o O o 0.0 70 L 07%
O ® o [ 50
O O ® O 183 |, 180% | 285 | 27% 258 | 2.4%
O O O o 0.0 | 2.9% 81 1 0.8%
—
O O O O 2357 | 22.7% 812 | 7.6%
N 2018 | 134% | 204% | 41.2% 103999 1 100% | 107177 ' 100%
3 2019 36.1%
~ 2020

The upper left side of the table shows all the possible strategy combinations made
by UVAMs over the course of the 18 months in the period from November 2018 to June
2020. The bottom left side shows the relative share of UVAMs that (non-exclusively)
perform every single strategy during the respective years. The right side shows the relative
percentage of UVAMs with the associated absolute capacity that follow (exclusively) a
specific combination of strategies. At the bottom of the right side, the total maximum
capacity offered by UVAMs for each year is shown, i.e., 101.72 MW in 2018, 1039.99 MW
in 2019 and 1071.77 MW in 2020. Looking at the right side, it can be noted that no
strategy patterns were yet pronounced in 2018 and 58.8% of UVAMs did not follow a
specific combination of strategies. Among others, this was probably due to the fact that no
incentive scheme with any obligations was in force, yet.

In 2019, UVAMs started adapting to the newly launched incentive scheme and built up
contracted capacity throughout the year. Along with this, UVAMs tended to adopt different
combinations of strategy. Most prominent are the two combinations of offering only during
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obligatory hours with constant price and quantity (24.8%) as well as the strategy of offering
only during obligatory hours with varying quantity and price (23.9%). Overall, 70.9% of
all UVAMs’ bidding strategies contain the identified strategy element I to virtually offer
exclusively during the obligatory timeframe of max four hours. Out of the remaining
39.1% of UVAMSs, around 3.6%, or 37 MW in absolute numbers, did offer more significant
shares of their quantity also outside of the obligatory hours, but at prices close to the
Italian VOLL, i.e., 3000 €/MWh. While no UVAMs offered constant quantity alone (sole
strategy II) and with only 0.2%, nearly no UVAM offered constant quantity at constant
prices (the combination of strategies II and III), 2.7% of UVAMs offered at constant prices
(different from VOLL) with varying quantity (sole strategy III). Together with the 22.7% of
UVAMs that did not follow any of the identified strategies in 2019, only around 25.6% of
UVAMs participated in the ASM with a genuine bidding behavior that can be described as
unaffected from the incentive scheme.

In 2020, UVAM operators were even more used to the incentive scheme and the first
annual auction depleted almost all the available capacity (see Section 5.1). Because of
this, the contracted capacity of UVAMSs was nearly constant throughout the six months of
investigation and resulting strategy patterns were more exact. In fact, the percentage of
UVAMs that did not follow a predetermined strategy as identified by this study fell to 7.6%
and a majority of offers were only placed during the obligatory hours with constant price
and quantity (63.2%). The share of UVAMs that only offered during the obligatory hours,
independent of the then offered price or quantity, totals 88.3%. In contrast, the sum of
UVAMs with a bidding behavior potentially unaffected by the incentive schemes decreased
even more in 2020 and sums to only 11.0%.

5.4. Analysis Part 4: UVAM Project’s ASM Participation

Based on the individual analysis of market behavior of UVAMs, a global analysis of the
performance of the entire project is feasible. Referring to the UVAM offerings on a system
perspective, the two heatmaps of Figure 8 report the overall quantity and the weighted
average price of upward bids (so-called sell offers) from all UVAM units together over
the course from November 2018 to June 2020, calculated from raw market data through
Equations (3) and (4). As in the previous section, the analysis focuses mainly on upward
offers. This particular kind of product is central to the pilot project’s design and by far the
dominant service offering from UVAMSs. Nonetheless, for the sake of completeness, results
for the downward bids are reported in Appendix A. To benchmark prices and quantities
with accepted offers of other (non-UVAM) operators, comparable heatmaps for the overall
Italian ASM are elaborated in Appendix C.

The first and probably most striking observation is the jump in both quantity and price
of upward offers starting from January 2019. Offered quantities in 2018 were negligible
compared to those starting from January 2019. In particular, a distinct pattern in the new
entrants’ quantity and price in the ASM can be recognized by referring to the incentive
scheme. Clearly visible is how offered quantity is concentrated during the mandatory
period (situated around black dashed line in the figure, for four consecutive hours in the
period 2-8 pm) and kept growing since January 2019, perfectly reflecting the increasing
contracted capacity discussed in Section 5.1. The average offered price, on the other hand,
is significantly higher outside the mandatory period with peaks above 1000 €/MWh, while
during the compulsory period it tends to reflect the price cap imposed by the incentive
scheme. The overall weighted average price of UVAM offers on a weekday varies, for
example, from 570 €/MWh at 4 am to 361 €/MWh at 4 pm (i.e., during the obligatory
period) in 2019. The drop of the average offered price is clearly visible from 2019 to
2020, mainly driven by the reduction of extremely high biddings close to the VOLL (see
strategy IV from Section 5.3). Another, more short-term but reoccurring drop in price can
be observed during weekends for the usually obligatory set of four hours, which, however,
are only regulated for working days. On weekends the price tends to be significantly
more competitive, i.e., with a weighted average price of 214 €/MWh for offerings at 4 pm,
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whereas the effective quantity offered is substantially lower than during working days.
This is due to the fact that those UVAMs who offer only during the obligatory hours, but
then at a constant price (see strategies I and II from Section 5.3), are not present here. In
general, despite the overall increase of participating capacity over time, the offered capacity
outside the obligatory hours increases only subtly.
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Figure 8. Heatmap of upward bids by UVAMs in terms of weighted average offered price (chart above) and summed

offered quantity (chart below) with hourly resolution in the timeframe November 2018 to February 2020.

To benchmark the competitiveness of UVAM offers against other ASM offers, Figure 9
illustrates the price distribution of upward and downward offers by UVAMs (first diagram),
of respectively accepted offers by UVAMSs (second diagram) as well as of overall accepted
upward and downward quantity within the ASM (third diagram) from 2018 to 2019 (from
lighter to darker tones in the three diagrams). Offers are grouped in price intervals of
10 €/MWh and, as previously, only those balancing products are considered that UVAMs
are eligible for. For the sake of simplicity, diagrams illustrate results up to the interval
containing offers of 400 €/MWh. Although there are few offers with prices above this
threshold (placed outside the for UVAMs obligatory timeframe), the chosen range contains
96% of all presented UVAM offers and 100% of all accepted UVAM offers.

As indicated by the blue-toned bars in Figure 9a, upward bids of UVAM offers are
not evenly spread above all price ranges but highly concentrated among few clusters.
The vast majority falls in the interval of 390-400 € /MWh, with a second although much
smaller cluster around 140-150 € /MWh. A third smaller accumulation of offers is identified
around the broader price range of 70-100 €/MWh. A shift of clusters during the three
different years in which the UVAM project is analyzed can also be identified. While for
2018 the lowest cluster was the most dominant, for 2019 and especially 2020 the offer
preference shifted towards the two higher clusters. More detailed statistics on UVAM bids,
in order to potentially rebuild their bidding behavior in combination with the previously
identified bidding strategies, can be found in Table A1l in the Appendix B. Comparing
offered with actually accepted UVAM quantities (Figure 9b), it is apparent that the vast
majority of accepted upward bids falls instead in the range of the third (low) price cluster
from 60-90 €/MWh and only minimal quantities have been accepted outside of that. This
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Offered price (€/MWh)
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is in line with the distribution of overall accepted offers on the Italian ASM (Figure 9c),
showing a distribution centered around 70-80 € /MWh for upward bids, slightly skewing
towards higher prices. For the sake of completeness, it should also be noted that the
period of major UVAM offerings coincides neither with the period of the highest amount
of accepted upward services nor with the period in which offers are on average accepted
at the highest prices on the ASM. While the bulk of UVAM offers falls in the obligatory
period from 2 p.m. to 8 p.m. as shown before, the highest amount of accepted ASM offers is
usually in the early morning or evening hours. The highest prices are recorded during night
hours. More detailed numerical characteristics of accepted offers on the Italian ASM, also
for a potential rebuild and modeling of market interaction, can be found in Appendix C and
Table A2 specifically. Taking together all UVAM upward bids, only around 0.05% of offered
quantity has been accepted by the TSO. This adds up to 985 MWh of upward services from
UVAMs during the first 18 months since their introduction and, solely considering those
products that UVAMs are eligible to deliver, their market share on the ASM in terms of
accepted quantity aggregates to 0.003%.
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Figure 9. Comparison of offered and warded UVAM bids for ancillary services compared to overall market quantities by
price range. (a) Offered UVAM bids; (b) awarded UVAM bids; (c) overall market quantities.

Downward bids of UVAMSs, as represented by the yellow-toned bars, are much less
frequent, show a smaller price spread, and are present only in the low-price ranges with
a peak at 20-30 €/MWHh. The latter is the case for both offered and accepted UVAM bids
with no significant shift over the projects’ time. Moreover, this price cluster is very well
in line with the overall accepted offers on the ASM and can, therefore, be considered
comparably competitive. More numeric details on average downward offers from UVAMs
as well as average accepted offers on the Italian ASM can be found in the appendix in
Tables Al and A2, respectively. Combining all UVAM downward bids, around 0.3% of
offered quantity has been accepted by the TSO. This adds up to 530 MWh of downward
services from UVAMs during the first 18 months since the project start and, considering
only products they are eligible to deliver, the ASM share in terms of accepted quantity
aggregates to 0.002%.

5.5. Special Focus: Coronavirus Disease 2019 (COVID-19) Impact

An exceptional 2020 also left its mark on the Italian energy mix with an outstanding
relative share of renewable resources that challenged the Italian network. This is related
to the COVID-19 crisis in 2020, resulting in less demand but constant RES contribution,
eventually driving an increased amount of thermal plants out of the market. Starting
with the first nationwide lockdown in mid-March, especially the month of April noted a
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measurable impact. While electricity demand went down by —17.2% compared to April
2019, the generation from renewable energy resources went up by +7.5% compared to April
2019, covering now 47.2% of the overall electricity demand. In detail, this RES share split
into 17.0% hydro, 14.0% photovoltaic (PV), 7.4% biomass, 6.3% wind and 2.4% geothermal.
Thermoelectric generation dropped at the same time by 21.4% and foreign exchange even
by —67.8% [65].

With higher RES share, the system’s volatility increased and led to an increased need
of BMs, driving the accepted upward quantity on the Italian ASM up by 56% in April 2020
compared to April 2019 as well as the downward quantity up by 29% compared to April
2019. The average prices reflected the higher competition of the remaining thermal plants
to remain online and went down to a weighted average of 158 €/ MWh (—14% compared
to April 2019) for upward services and down to 6 €/MWh (—80% compared to April 2019)
for downward services. Another remarkable observation is the flattening of the price level
over the course of the day, expressed by a strongly decreased spread between on-peak
and off-peak prices. While in April 2019 the price difference between accepted offers at
4 am and 4 pm was 108 €/MWh on average, the same spread reduced to 23 €/MWh on
average in April 2020. This reduction of the spread is not only reflected in the convergence
of the weighted average price but also in a significant decrease of the variance of individual
accepted offers. For more details, please see Table A2 in the Appendix C.

The reduced presence of traditional balancing resources in combination with an
increase of balancing need led to a market shift, whereas UVAM units did not only increase
their offered quantity along with the contracted capacity but also maintained their offer
constant or even slightly improved outside the obligatory timeframe. As visible in Figure 8,
the offered upward quantity by UVAMs increased from April 2019 to April 2020 by 59% and
even from January 2020 (the last completely unaffected month pre-COVID) to April 2020
slightly by 5%, although basically no new capacity had been contracted in the meantime.
Whereas prices during the obligatory period remained comparably constant at a high level
between 350-370 €/MWh, the respective price outside of that dropped from an average of
541 €/MWHh in April 2019 to 387 € /MWh in April 2020. Nonetheless, this proved still to be
too high compared to other market participants and resulted in no accepted upward offers
for UVAMs.

For downward services, the picture is somewhat different. Although UVAM operators
maintained a relatively constant quantity of offers (albeit at a low level), they had been
already competitive before in terms of prices for these services and hence could benefit
from the increased demand. In fact, 85% of all accepted downward offers from UVAMs are
situated within the five months from February to June 2020. Further details on average
UVAM offers as well as the overall market performance for the observed period are again
reported in Appendices B and C, respectively.

Allin all, considering the distribution over time, no significant uptake in quantity of
accepted upward balancing services from UVAMs can be observed, but the named surge
of accepted downward balancing services starting from February 2020 are as depicted in
Figure 10. Overall, 985 MWh of accepted upward bids are joined by 530 MWh of accepted
downward bids. This is especially noteworthy against the background of the significant
increase in contracted quantity over time, which has been specifically procured to deliver
upward services.

In terms of operator shares from accepted offers, it should also be noted that one
operator, being a subsidiary of the old Italian incumbent, accounts for 85% of the accepted
upward quantity and 100% of downward quantity delivered by UVAMs. Furthermore, the
fact that only 11 out of the 27 UVAM operators placed at least one or more successful bids
underscores how ambivalent different operators’ participation is.
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Figure 10. Awarded UVAM bids for upward and downward balancing by months.

6. Discussion

While the UVAM project just completed its second full year of operation, this paper
aims at presenting an analysis methodology for the capacity auctioning and market perfor-
mances of the aggregators in the Italian ASM. Through the proposed methodology, which
only relies on publicly available raw market data, it is possible to obtain some essential
insights into the actual operation of aggregators on the ASM, fulfilling the double objective
of surveying overall market outcomes concerning UVAM offers and, most notably, mon-
itoring their individual performance in the market. Although detailed characterization
of the UVAM bidding strategies would require information about the actual composition
of the resources associated to each UVAM (e.g., source types, technical constraints, load
composition and its requirements), the methodology presented in this paper allows the
UVAM operation to be assessed on a statistical basis. The outcomes could represent a
fundamental building block for a generalized aggregator model, supporting future market
analysis from both the operator’s and aggregator’s point of view.

Regarding the global analysis of the project, results can be used to support the dis-
cussion of the current policy design and its revision. First of all, the project was able to
integrate around 1 GW of new capacity from DERs in the ASM. This entire capacity was
previously not entitled to participate in balancing mechanisms, hence not contributing to
any BSs and being only active on EMs. It appears that the fixed payment from the auctions
was able to fulfill its purpose and cover potential investment costs for a sufficiently large
number of operators. Along with that, it can be evaluated positively that prices within
the auction scheme started to decrease slightly in the last months of 2019 and then notably
with the beginning of 2020.

Another positive finding is the continued availability of these new balancing resources
during periods when the regular balancing providers were less present. During the
months of the highest COVID-19 impact, a reduced overall load and high presence of RES
drove multiple conventional generators out of the market, whereas the new aggregates of
DERs continued their offerings unaffectedly. For reasons further discussed below, this led
admittedly to at least no increase in accepted upward services.

Beyond the positive aspects that the pilot project produced, we can conclude that
the incentive scheme (consisting of the capacity auction with associated obligations) has
strongly biased individual UVAM performance in the ASM. The price cap of 400 €/MWh
turns out to be interpreted rather as a strike price than an actual cap, motivating a significant
share of upward offers to this price. Similar to that, the obligatory hours for upward offers
turn out to be interpreted from a notable share of the operators not as the minimum possible
period but rather as the exclusive period for bidding. This is unfavorable since the resulting
major offering hours of the aggregated units do not match major BS demand hours.

Taking into account that most of the participating capacity offers only upward capacity,
only on five days of the week, only during the minimum required hours, and nearly always
far above market price or strikingly frequent even at the price cap, there is a suspicion as to
whether the majority of UVAM operators eventually really aim to actively participate in the
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ASM, or only to cash in on the availability of payments from the auction. Comparing the
accepted UVAM quantity of November and December in 2018 (where only non-contracted
UVAMs operated) with the same two months in 2019 (where almost exclusively contracted
UVAMs operated) substantiates the hypothesis that UVAMSs actually performed better
without the fixed payment from the auction scheme. In that sense, one could argue that
the scheme is actually only looking good on paper in terms of contracted quantity but not
delivering its actual purpose of piloting BSs provision from decentralized resources.

While the price cap seems too high to guide aggregators towards a competitive
interaction with the market, the system analysis has shown not only how the bid quantities
are increasing but also that prices are (yet slowly) converging towards market prices.
Furthermore, we found that a minor number of UVAMs offer in price clusters close to the
market price of around 150 €/MWHh. This might be interpreted as a first sign for picking up
competition among UVAM participants on the one hand and among UVAM offers with
other ASM participants on the other hand.

This is also supported by an additional finding from the individual units” analysis
around the turn of the year 2019-2020. With the saturation of tendered capacity, UVAMs
behavior crystallizes and two bidding strategy trends emerge: on the one hand, the number
of participants that solely operate during the obligatory hours increases significantly (see
strategy I in Table 2, respectively). On the other hand, the weighted average price of those
offers that are made outside of the obligatory hours decreases considerably (see Figure 8).
This might highlight once more the potentially misleading effect of the incentive scheme
with its daily period of obliged bidding, whereas on the other hand a comparably small
but growing number of UVAMs that operate in a competitive manner also outside the
incentive framework become more visible.

While the pilot project’s incentive scheme strongly fostering the provision of upward
services, a reasonably unexpected finding of this analysis is the visible presence of down-
ward services. Even though the project’s framework does not specifically incentivize their
presence, and with less than 8% relatively few units offer these services, about one-third of
all accepted UVAM offers are downward services. This development was driven on the
one hand by the generally much more competitive offerings from aggregators for these
services compared to their average upward offers. On the other hand, market conditions,
especially during the COVID pandemic, favored this unexpected success, with conven-
tional units unwilling to further reduce their output and decrease downward balancing
market prices. In doing so, aggregated DER units thereby demonstrated their added value
also particularly for this service, an open contradiction to the pilot project’s design with
its obligation to offer specifically upward services. Against the backdrop in particular of
the latest market dynamics with high RES shares, a revised project conception with a more
pronounced focus on downward balancing services might, therefore, be worth considering.

7. Conclusions

This paper presents a detailed analysis of the Italian pilot project UVAM, which is
one of the biggest in terms of integrated distributed flexibility from new market entrants.
After introducing the evolution of ancillary services markets in Europe, both in terms of
directives and the implementation of recent pilot projects, obtained findings are reflected
onto the Italian case. A methodology is first outlined and then applied for the project’s
analysis and its critical review based on the projects’ capacity auction results and market
performances from raw public data.

Reflecting on the unique characteristics of the project implementation, their impact
on individual aggregator behavior is discussed. The most essential outcomes concern
the positive effect on the involvement of decentralized flexibility, particularly in terms
of overall contracted capacity (around 1 GW), as well as the rather disputable market
participation, mostly driven by specific incentive scheme rules. Four major conclusions can
be drawn:
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1.  Animpressive potential of new flexibility resources is activated by allowing smaller
bid sizes and the virtual aggregation of diverse generation and or consumption units
of even smaller sizes.

2. It proves beneficial to allow separate submissions of bids for upward and downward
services. This is because most participants in this project chose to provide either one
or the other, thus ensuring a high degree of flexibility.

3.  Capacity auction incentives in combination with offer obligations and high price caps
seem to be misleading and not sufficiently triggering active market participation.

4. During challenging periods for the electricity system with high RES shares, such as
those triggered by the COVID-19 crisis, downward balancing offers from distributed
energy resources proved especially valuable.

Additionally, to the review of the UVAM project results, one of the main contributions
of this paper is the classification of aggregator behaviors in several categories, character-
ized by specific features. Findings could be a fundamental building block for modeling
aggregator offerings based on statistical data. As such, results are highly relevant for future
research on the design of ancillary service markets, both from the perspective of policy-
makers and the individual aggregators. The analysis focusing on the first months of the
COVID-19 crisis, in particular, provides valuable insights about modeling ancillary service
markets with a high penetration by renewable energy sources for future energy systems.
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aFRR automatic Frequency Restoration Reserve

ARERA Autorita di Regolazione per Energia Reti e Ambiente, i.e., the Italian
regulatory authority

AS Ancillary Service

ASM Ancillary Service Market
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BRP Balancing Responsible Party

BS Balancing Service
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CEP
CR
DER
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DR
DSO
ENTSO-E
EM
FCR
GME
HHI
MB

mFRR
MSD
MSD ex-ante
RES
RR
Terna
TSO
UVAC
UVAM
UVAP
VOLL

Appendix A.

Balancing Service Provider

Clean Energy Package

Concentration Ratio

Distributed Energy Resource

Distributed Generation

Demand Response

Distribution System Operator

European Network of Transmission System Operators for Electricity
Electricity Market

Frequency Containment Reserve

Gestore dei Mercati Energetici, i.e., the Italian energy market operator
Herfindahl-Hirschman Index

Mercato del Bilanciamento, i.e., submarket of Italian ASM for
near-real-time balancing

manual Frequency Restoration Reserve

Mercato dei Servizi di Dispacciamento, i.e., the Italian ASM
submarket of Italian ASM for programming purpose
Renewable Energy Source

Replacement Reserve

the Italian TSO

Transmission System Operator

Unita Virtuali Abilitate di Consumo, i.e., Virtually Aggregated Consumption Unit

Unita Virtuali Abilitate Miste, i.e., Virtually Aggregated Mixed Unit

Unita Virtuali Abilitate di Produzione, i.e., Virtually Aggregated Production Unit

Value Of Lost Load

UVAM Downward Bids

Downward bids from UVAM units are not a focus point of the pilot projects design
and, therefore, also not treated in the central part of our analysis; however, they turn
out to be the most competitive product offered by these aggregated units and prove
eventually especially valuable during the specific period of the COVID-19 impact (see
Section 5.5). Figure A1 outlines therefore, through respective heatmaps, the development
of the facultative downward offers from UVAMs in terms of offered price (upper chart)
and offered quantity (lower chart) during the course of the pilot project.
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Figure A1. Heatmap of downward bids by UVAMs in terms of weighted average offered price (chart above) and summed
offered quantity (chart below) with hourly resolution in the timeframe November 2018 to February 2020.
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Appendix B. Additional Statistics on UVAM Bids

To complete the set of necessary elements for the future modeling of aggregated units
as analyzed in this empirical study of the Italian pilot project, Table A1 provides additional
statistics on average hourly bids of aggregated UVAM units. For selected months, offered
average quantities per hour (Q,, ) from all units with the associated weighted average
prices (P, ;) and the respective variance of the prices (Var (P, )) are provided for both
upward and downward balancing services. To reflect the substantial differences resulting
from the project’s incentive scheme, different values are provided always for a typical hour
outside and inside the obligatory timeframe (04:00 am and 04:00 pm) as well as the full
24-h timeframe for both weekdays and holidays.

Table A1l. Additional statistics on hourly upward and downward bids of aggregated units for selected months.

Dec-18 Jan-19 Apr-19 Aug-19 Dec-19 Jan-20 Apr-20
_ weekday 76.17 153.29 541.15 523.93 788.28 421.04 386.86
Pup 04 [€/MWh]
/ holiday 77.11 221.19 492.60 506.71 746.16 382.73 381.39
§ - weekday 23 453,467 1,333,541 1313533 1,650,353 452,858 431,431
= Var (Pupos) [€2/MWh2}
g / holiday 23 643,140 1,233,600 1303557 1,626,556 410,613 436,492
weekday 23 38 54 71 49 63 75
Qup,m [MWh]
holiday 24 40 63 74 52 66 77
v
g - f€/MWh] weekday 113.16 361.47 354.08 341.80 369.33 371.26 369.54
S “ holiday 109.93 218.29 192.62 202.07 312.10 344,53 332.52
§ z - weekday 7164 25,881 12,241 11,436 52,254 82,971 48,544
S S Var(Pupse)  [€2/MWH?]
; S ' holiday 9663 21,529 11,179 13,261 244,531 169,202 168,855
< weekday 19 359 577 729 847 968 956
g Qup,lé [MWh]
holiday 26 83 91 100 76 260 207
_ weekday 85.36 303.56 417.87 405.65 46221 392.10 379.63
Pupi [€/MWh]
’ holiday 86.63 219.67 42231 43376 663.50 381.65 372.09
>
3 _ weekday 1794 218,718 554,378 605,244 719,350 238,420 191,447
o Var (Pyyp) [ez /Mth}
s . holiday 2298 432,560 887,763 1,006,607 1,325,483 361,467 366,926
weekday 18 88 138 186 182 210 218
Qupn [MWh]
holiday 22 47 66 77 53 97 96
_ weekday 15.00 13.52 7.13 13.80 11.58 9.95 11.10
Pdﬂwn 04 [€/MWh]
g holiday 15.00 13.46 8.9 13.52 11.33 9.30 10.19
E -~ ' , weekday 0 23 39 32 54 55 49
Var (P, € /MWh
g (Paoun o) [ } holiday 0 31 33 36 54 54 52
weekday 14 4 10 4 18 11 8
) MWh
; Qs [MWh] holiday 20 3 12 3 15 10 7
& - weekday 30.00 18.27 26.06 25.70 17.16 8.73 16.53
° Pdown 16 [€/MWh]
ks ' holiday 30.00 23.65 23.49 28.01 23.36 17.44 22.83
i
2 z -~ weekday 0 217 66 149 218 222 210
g S Ver(Pawne)  [€/MWH] :
k3 S holiday 0 207 78 % 210 215 190
= weekday 13 5 6 3 16 8 9
§ Qduwn,lﬁ [MWh]
g holiday 13 3 14 3 17 9 11
- weekday 25.84 26.00 19.81 2543 19.18 18.81 2231
Pdown h [€/MWh]
. holiday 25.54 25.10 18.32 24.24 20.59 17.19 20.39
>
3 -~ weekday 40 107 130 133 187 188 170
o Var (Pagons) €2/ MWR]
£ ’ holiday 43 125 125 124 183 184 174
weekday 12 9 14 6 20 14 14

Qdown, MWh
down,h ( ] holiday 14 4 15 3 17 11 10
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Appendix C. Accepted Upward and Downward Bids on the Italian ASM

Finally, to set the analysis of upward and downward bids of UVAMs in the right
context, this section outlines the structure of average accepted bids on the Italian ASM
(MSD ex-ante + MB). Table A2 provides, therefore, the necessary statistics with regard
to those products of the market that UVAM units are eligible for (i.e., Italian balancing
products AS, GR1, GR2, GR3 and GR4, see Section 3) at the same timely granularity as in
the previous section on UVAM bids.

Table A2. Additional statistics on accepted hourly upward and downward bids on the Italian ASM for selected months.

Dec-18 Jan-19 Apr-19 Aug-19 Dec-19 Jan-20 Apr-20
_ weekday 199.50 166.67 237.98 129.17 186.80 172.74 170.74
Pupoa [€/MWh] :
holiday 207.75 181.32 229.41 130.90 177.80 174.96 166.92
E _ weekday 6769 3694 13,698 3125 14,588 11,318 7084
z Var(Pupos)  [€2/MWh?] :
2 holiday 7460 12,311 67,993 6935 11,428 8682 7254
E weekday 1302 1837 1714 1521 2127 1903 2928
< Qup,04 [MWh]
£ holiday 1110 2319 2064 1703 2391 2515 3708
E _ weekday 126.08 102.97 129.89 94.72 131.60 97.55 148.08
- Pupe [€/MWh]
° holiday 170.40 138.96 199.25 121.61 182.54 167.73 136.07
w
E E _ weekday 6782 4835 7046 2392 17,755 21,670 13,326
% = Var (Puy16) [€2/MWh2} :
° g holiday 15,115 8076 18,037 5738 21,963 16,988 4081
; weekday 1480 2238 1590 1718 1763 1692 2261
%‘ Qup,l() [MWh] .
o holiday 1204 2080 1889 1648 1920 1466 3277
U
% _ weekday 146.34 124.29 165.09 110.34 154.77 124.10 158.90
8 Pup,h [€/MWh] .
& holiday 181.61 165.43 215.32 119.33 185.78 171.30 157.15
>
5 _ weekday 8431 5593 19,102 5342 15,842 16,974 12,815
o Var (Pup) & /Mwr?| ,
:1 holiday 13,560 14,643 21,180 5630 27,031 16,937 9274
weekday 1443 2093 1646 1803 2064 1813 2439
Qupn [MWh]
holiday 1264 2185 1983 1788 2292 1968 3488
_ weekday 23.44 27.40 26.29 25.44 12.25 20.19 4.72
Pdown 04 [€/MWh]
’ holiday 19.66 21.34 27.15 25.63 12.39 16.59 3.00
E _ ) ) weekday 298 339 166 63 196 81 113
[=} Var (Pdowrz,lM) [€ /MWh } .
s 2 holiday 331 371 120 100 323 80 45
Q weekday 1609 1336 1886 1455 1897 1647 2412
(=} anwn,(]4 [MWh] .
= holiday 1770 1668 2305 1587 1770 2137 2550
<
= _ weekday 41.55 48.14 27.76 28.88 25.06 30.71 6.65
g Pdown 16 [€/MWh]
@ ! holiday 33.53 35.31 25.28 23.02 22.13 22.63 3.12
% E _ ) ) weekday 284 222 238 94 138 121 72
Var (P aouw € /MWh
g g (Pusunse)  [€2/Mwin’] holiday 392 326 221 58 178 117 222
E weekday 1455 1315 1983 2286 2404 2021 2416
E anwn,lﬁ [MWh]
< holiday 1219 1282 2071 1615 2478 2101 2896
b1
i _ weekday 35.76 41.06 31.28 27.99 20.64 2691 7.06
v Pdown/h [€/MWh] .
é holiday 31.53 31.16 27.74 24.69 19.22 20.48 4.01
>
5 _ ) ) weekday 277 263 194 85 192 95 95
) Var (Pdazmz,h) {€ /MWh } .
z holiday 302 360 219 94 198 126 132
weekday 1631 1485 1732 1917 2261 1986 2282
anwn,lx [MWh]
holiday 1534 1433 2138 1603 2204 2193 2707

To visualize the selected numeric market results and to complete the comparison with
UVAM offers over the entire period of observation from November 2018 to June 2020,
Figure A2 reports heatmaps that outline the development of the weighted average price
(upper chart) and the overall quantity (lower chart) of accepted upward bids on the Italian
ASM. Similar to that, Figure A3 reports heatmaps that outline the development of the
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Figure A2. Heatmap of awarded upward bids on the Italian ASM (MSD (Mercato dei Servizi di Dispacciamento) ex-

ante + MB (Mercato del Bilanciamento)) in terms of weighted average price (chart above) and summed quantity (chart
below) with hourly resolution in the timeframe November 2018 to June 2020.
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Figure A3. Heatmap of awarded downward bids on the Italian ASM (MSD ex-ante + MB) in terms of weighted average price
(chart above) and summed quantity (chart below) with hourly resolution in the timeframe November 2018 to June 2020.
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