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Abstract: Regulatory analysis of the regulatory framework surrounding the figure of independent aggrega-
tors and their possibility of participating in the explicit demand flexibility services of the national peninsular
electricity system. Focus on the development of the product applied to the evaluation of independent ag-
gregation models and their relationship with system agents, to conclude in the proposal of the model that
generates the most value.
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1. Introduction

The European Union (EU) electricity systems need to make their consumers' demand more
flexible to achieve a higher penetration of renewable energies, abandoning fossil generation,
which until now has allowed a simple adaptation of centralized generation to demand, to make
the EU economy sustainable [1]. In the case of the Spanish peninsular electricity system, with high
distributed renewable generation, the current regulation still lacks a defined model of independ-
ent aggregation, despite the urgency of its implementation.

Since the implicit flexibility of demand is not sufficient to provide a solution to all the needs
of the grid, the figure of the independent aggregator (I1A) [2] will be implemented to manage the
demand of those active consumers (prosumers) who are willing to vary their net energy balances
in exchange for financial compensation. Depending on the technical needs of the electricity sys-
tem and the economics of their markets, these prosumers will be able to participate in the Tech-
nical Restriction Services, Balancing Services, Balancing Services and Wholesale Markets.

During the last decades, electric power has traditionally been managed under a centralized
approach, where large generation infrastructures and colossal companies have dominated this
energy market, with a few main roles being shared among the players of this oligopoly. However,
this should not come as a surprise to the reader, as it is important to remember that the Spanish
electricity sector was liberalized only 25 years ago [3].

However, technological evolution, decentralization of generation sources and digitalization
are reshaping the energy landscape, giving rise to the emergence of new players, such as Energy
Service Companies (ESCOs), Energy Communities or Independent Aggregators (lAs), about to en-
ter the scene. These latter actors, capable of coordinating and optimizing demand according to
supply, present a tremendous potential for improving the efficiency of the electricity system [4],
as studied in this project.

The impact capacity of these aggregators becomes more tangible as the decentralization of
electricity generation increases, as is the case in the peninsular, where Distributed Energy Re-
sources (DERs) are proliferating and are expected to continue to increase fiercely, especially dur-
ing the current decade [5]. The following Figure 1, are MITECO's targets for the penetration of
self-consumption in the country [6] (of course, they represent only a part of the expected DERs,
but the estimate is included because of its intrinsic relationship with domestic consumers).
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Figure 1. Roadmap for self-consumption in Spain 48

In fact, the growing adoption of solar PV triggers a worrying phenomenon, cannibalization, 49
where the mismatch between the high energy produced versus the low energy demanded (com- 50
pared to supply) at certain times of the day can depress wholesale electricity prices, negatively 51
impacting the profitability of these installations [7]. Consequently, this lack of profitability of in- 52
vestments in renewables (in this case solar photovoltaic) is a factor that can hold back consumers 53
and other agents from investing in renewable energy sources of these characteristics, delaying 54
the decarbonization objectives. 55

To solve this potential problem, business innovation, public-private collaboration, and the 56
willingness of citizens to adopt bold measures are the tools that will make it possible to transform 57
challenges into opportunities. Hence the need for the market to favor the figure of the aggregator, 58
becoming the system agent that brings consumers together and pushes them to shift their con- 59
sumption from the most expensive hours, generally associated with higher fossil generation, to 60
the cheapest, generally associated with this renewable surplus. 61

Contrary to what some citizens may think, this interest in decarbonizing the electricity sys- 62
tem is not recent, but came along with the liberalization of the electricity system itself, 25 years 63
ago: "The basic purpose of this Law is therefore to establish the regulation of the electricity sector, 64
with the triple and traditional objective of guaranteeing the electricity supply, guaranteeing the 65
quality of said supply and guaranteeing that it is carried out at the lowest possible cost, all this 66
without forgetting the protection of the environment, an aspect that acquires special relevance 67
given the characteristics of this economic sector" [3]. 68

A statement also ratified in the reformulation of said Law, 10 years ago: "[...] this whole 69
process has been framed within the principles of environmental protection of a modern society" 70
[8]. Itis perhaps worth mentioning that, at least according to the 2013 Law itself, [...] Law 54/1997, 71
of November 27, has contributed significantly to the fulfillment of the commitments derived from 72
the Energy and Climate Change package, which establishes as objectives for 2020 the reduction of 73
greenhouse gases by 20 percent in the European Union with respect to 1990 [8]. 74

In line with this, it is shown that regulation plays a crucial role in the successful integration 75
of independent aggregators in the electricity market, thanks to its power to change the rules of 76
the scenario. Therefore, this paper will go into a comparative analysis of the regulations proposed 77
in the European Union (EU) (and other states of interest), for which it will be necessary if it wants 78
to become the first climate-neutral continent by 2050, as promoted by the European Green Deal 79
[1]. 80

To defend these economic benefits of Demand Response (DR), attached below are estimates 81
from the EC (European Commission), who published in July 2016 the Impact Assessment Study of 82
Price Flexibility, Demand Response and Smart Metering [9], in which they published the following 83
Table 1, according to their own calculations (but based on Gils [10] and ENTSO-E [11] calculations): 84

Table 1. Peak Consumption, Theoretical Maximums and Business-As-Usual (GW) - Demand Response 85
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Capacities 2016 2020 2030

Peak load (current and estimated) 486 500 568

Total maximum theoretical DR potential 110 120 160

In % of peak load 22% 24% 28%

BAU 21 23 34

In % of peak load 4.3% 4.6% 6.0% 86
9] 87

This Table 1 illustrates how it is necessary to radically change the current models to allow 88
the electricity system to reduce peak demand, generally with greater penetration of carbon-in- 89
tensive technologies such as natural gas. Although it is logical that this theoretical maximum can- 90
not be reached, it shows how there is great potential for decarbonization and economic savings 91
through demand flexibility. 92

A geographical distribution of the load reduction potential, according to the average density 93
in kW/km? [10], could be as shown in Figure 2 (a), which shows the enormous capacity to relieve 94
the distribution networks in the large Spanish metropolitan areas, such as Madrid and Barcelona. 95
On the other hand, the geographical distribution of the load reduction potential that can activate 96
the DR, according to the average per capita, in kW, can be seen in Figure 2 (b), where a greater 97
potential can be seen in the most depopulated regions of the Spanish region, as well as in the 98

north of the Basque Country. 99
100
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—_ [ 1-4.99 kWikm? P =——___ [ 0.05-0.009 kW
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Figure 2. Geographical Distribution of Load Reduction Potential,: (a) Average Density (kW/m?2); (b) Average per capita (kW/m?2) [10] 101
With this, the present project reflects the need for Europe [12] to design a new internal 102

electricity market, which will allow the increase of electrification and the full integration of dis- 103

tributed renewable energies. In addition, it will have to face the change in the patterns of elec- 104

tric energy use, derived from the adoption of technologies such as the Electric Vehicle (EV), elec- 105

tric air conditioning systems or self-consumption installations in the daily life of domestic con- 106

sumers. 107

2. State of the Art 108

One solution to decouple energy generation from fossil fuels, avoid unnecessary infrastruc- 109
ture costs and in turn allow European citizens to efficiently manage their own energy, is to intro- 110
duce a radical paradigm shift, in which demand adapts to generation, and not vice versa, as has 111
been the case so far. In a society immersed in its mobile devices, of constant connectivity, the 112
potential of these actors to revolutionize the generation, distribution and consumption of energy 113
is not only undeniable, but stands as a focus of hope in the staging of this remastered play thatis 114
the disruptive improvement of a smart, decarbonized, and affordable electricity system for all. 115

Of course, this is not the only definitive solution, because as we have seen previously in Fig- 116
ure 1, the solution to the challenge of the energy transition is not only to correctly implement the 117
figure of the Independent Aggregator (IA), but it is linked to many other tools that must be devel- 118
oped before and during the implementation of the figure of the IA. In line with this, the current 119
state of the question has put many technologies on the table, since the problem generated by the 120
decarbonization and decentralization of generation encompasses many different factors, so the 121
reader should not fall into the utopian phenomenon of Maslow's Hammer [13]. 122
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However, the implementation of aggregation models that favor the flexibility of the Euro- 123
pean electricity system, and in each state, has emerged as a crucial issue in the energy panorama. 124
In the case of Spain, although there is no direct mention in Goal 7 "Affordable and Non-Polluting 125
Energy" of the Action Plan for the Implementation of the 2030 Agenda [14], it is mentioned in 126
many other official documents, such as in consideration 24 of the Law 7/2021 [2] 127

It is expected that, as the energy sector moves forward with the energy transition toa more 128
renewable generation matrix, the role of these emerging actors, the IAs, will gain more strength. 129
However, it is a topic that has been arousing great interest in the academic community and the 130
business sector for years, but the lack of a consolidated regulatory framework that clearly defines 131
their operation is evident. Even though it’s possible contribution in the context of the electricity 132
market has already been sufficiently analyzed from a theoretical perspective, as demonstrated by 133
the large number of scientific research studies that can be found on the subject, which greatly 134

surpass those referenced in this project, the regulations remain unresolved. 135
136
2.1. Flexibility Value Chain 137

Distributed flexibility will be useful for multiple purposes, being able to serve different types 138
of customers in different electricity markets; however, it is an indispensable requirement that it 139
be managed efficiently, and this is where the figure of the demand-side IA appears, to group DERs, 140
managing them jointly to ensure that they generate value for the system. Of course, this demand 141
management will not be altruistic, otherwise there would be no reason for companies to join 142
these new markets, so they must receive fair economic remuneration, while at the same time 143
being subject to certain responsibilities that must be fulfilled if they want to ensure their success. 144

The grouping of these DERs allows aggregators to regulate their portfolios so that, in the 145
event of non-activation of a particular resource that was waiting to be activated, they can use 146
other resources in their portfolios to make up for these deviations. The owners of DERs, generally 147
retail consumers, are unable to access wholesale markets due to their low leverage, which would 148
also be unprofitable for them in the face of the great efforts they would incur, due to the marginal 149

gains that a single one-time activation entail. 150
These flexibility assets (whether loads, controllable local generation units or storage) can 151
provide value to different grid actors, including [15]: 152

1. The prosumer, or active consumer, who can make his energy consumption more flexible to 153
optimize monetary expenditure through grid tariffs (implicit flexibility), by increasing hisown 154
generated energy, or by obtaining remuneration for stopping electricity consumption at crit- 155
ical times (explicit flexibility), either due to generation cost overruns in the markets or for 156
technical reasons; 157

2. The energy supplier, or/and its Balance Responsible Party (BRP), which seek to reduce their 158
supply costs to maximize the profit on their income, for which it is also important to avoid 159
financial penalties for errors in their previous estimates of their customers' consumption; 160
therefore, being able to make their customers' consumption more flexible at specific times 161
would allow them to optimize their energy portfolios; 162

3. Distribution System Operators (DSO), who are responsible for the installation and mainte- 163
nance of such networks, could avoid inefficiencies in their operation by reducing loads at 164
times of congestion; they could also avoid the need for reinforcement of such networks; 165

4.  The Transmission System Operator (TSO), in charge of the installation and maintenance of 166
the transmission network, as well as the System Operator (SO), in charge of system stability, 167
could apply flexibility to increase the efficiency of network operation, ensuring balancing or 168
avoiding congestion. Moreover, it could even avoid the need for the TSO to reinforce these 169
transmission grids. It is important to clarify that, in most European national electricity sys- 170
tems, both tasks are carried out by the same company, as is the case of “Red Eléctrica de 171
Espafia (REE)”, in the Spanish national scenario. 172

One of the indispensable requirements of the Energy Transition lies in placing the citizenat 173
the center of the electricity system, evolving from a passive consumption attitude towards a much 174
more active role. In this sense, there are already many consumers who alter their consumption 175
patterns depending on the price of electricity (implicit flexibility), especially those prosumers with 176
solar photovoltaic generation installations who want to make the most of the generation from 177
their panels (as the remuneration for the sale of energy during these peak production hoursis 178
usually considerably lower than the purchase price at other times of the day). 179
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On the other hand, the prosumer aggregator would grant financial compensation to the ac- 180
tive consumer for its flexibility, while selling this flexibility to the network agents (DSO or TSO) or 181

to the marketer itself or its BRP in exchange for financial remuneration. 182
The following Figure 3 shows a diagram of the relationship of these aggregators between the 183
prosumer and the rest of the agents in the electricity system. 184

z Flex for
&= portfolio
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2 flex Fles
g AI ) . 3 .‘ wammm
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©
- e,
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balance
185
Figure 3. Value Chain for Flexibility 186
2.1.1. Implicit Distributed Flexibility Services 187
With regard to this management of the implicit flexibility of the prosumer by the IA, some of 188
the main benefits are listed below, which can already be done by the prosumer [15]: 189

1. Optimization of consumption equipment usage times, depending on the consumer's tar- 190
iff. In the case of domestic consumers, this equipment can be divided into three groups, 191
according to their ability to be flexible: non-flexible (such as household lighting or TV), 192
semi-flexible (such as washing machines and dishwashers) and flexible (such as EVs and 193

heat pumps) [16]; 194

2. Use of self-consumption, if available; 195

3. Management of storage, if available; 196

4. Optimization of contracted power, if necessary; 197

5. Detection of the ideal tariff, according to the user's consumption pattern. 198
2.1.1. Explicit Distributed Flexibility Services 199

On the other hand, explicit distributed flexibility can provide multiple solutions to the elec- 200
tricity grid (increasing grid efficiency and security, avoiding unnecessary investments, etc.) but 201
also to the electricity markets. According to USEF, DERs could add value by providing solutions to 202
the following services [15]: 203

1. Constraint management. Helping grid operators (TSO and DSO) to optimize grid opera- 204
tion by considering physical constraints and market-agreed energy supply needs by 205

managing peak grid flows, to services like: 206

a. Voltage Control; 207

b. Network Capacity Management; 208

c. Congestion Management; 209

d. Controlled Islanding. 210

2. Adequacy. Ensuring sufficient and reliable generation capacity to meet demand, espe- 211
cially at peak times, to services like: 212

a. Payments for Capacity; 213

b. National Capacity Market; 214

c. Strategic Reserves; 215

d. Coverage. 216

3. Wholesale services. Optimizing the purchase and sale of electricity in the wholesale mar- 217
ket (since it’s a marginal market) thru: 218

a. Daily Optimization; 219

b. Intraday Optimization; 220

c. Autonomous/Passive Balancing; 221

d. Generation Optimization. 222
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4. Balancing. Maintaining the stability and reliability of the grid, guaranteeing the balance 223
between electricity supply and demand, ensuring the frequency of the system by means 224

of: 225

a. Frequency Containment Reserves (FCR); 226

b. Automatic Frequency Restoration Reserves (aFRR); 227

¢. Manual Frequency Restoration Reserve (mFRR); 228

d. Replacement Reserves (RR). 229

As for the joint potential to reduce the different peak loads (GW), as well as to shift the 230

annual demand (TWh) of different demand sources surrounding the prosumer, either implicitly 231
or explicitly, it will depend greatly on the type of prosumer (domestic, industrial, commercial, or 232
institutional). Also, its geographical location and many other variables, such as the aggregation 233
model it implements; however, it is interesting to analyze the case estimated for the UK (a coun- 234
try where explicit flexibility is already being implemented), for 2050. As can be seen in Figure 4, 235
EVs and heat pumps represent, by far, most of the potential for EVs and heat pumps. 236

80
® Annual Demand Shifted (TWh)

70 m Peak Reduction (GW)

Annual Demand Shifted (TWh) /Peak Reduction

Electric Vehicles - Electric Vehicles - Heat Pump with Heat Pump with Heat Pump with Domestic and Non-

High Flex Central Flex Heat Storage - Heat Storage - Preheating domestic - High
High Flex Central Flex Flex 237
Figure 4. Reduction Potential of Different Peak Loads (GW) and Annual Demand (TWh) of Different De- 238
mand Equipment [17] 239
3. Objectives 240

Now that the opportunities for demand-side flexibility in distributed electricity systems with 241
high penetration of renewable energy have been captured, we can proceed to analyze the regu- 242
lations related to the implementation of the independent aggregator (IA). 243

Consolidated Spanish legislation is far from reaching the definition of a regulatory framework 244
that really allows for a system in which the flexibility of end consumers can be activated, as can 245
be seen in bulletins such as Royal Decree-Law 17/2022, of 20 September, which adopts urgent 246
measures in the field of energy, in the application of the remuneration system to cogeneration 247
facilities and temporarily reduces the rate of Value Added Tax applicable to deliveries, imports and 248
intra-Community acquisitions of certain fuels [18] . 249

The clearest example of this in this document is the restriction of the Active Demand Re- 250
sponse Service Providers to demand-side installations (identified by their CUPS) that make up the 251
scheduling unit providing the service must individually accredit a supply capacity greater than or 252
equal to 1 MW in the periods in which the service is provided. This, by definition, leaves out most 253
of the national CUPS (Universal Supply Point Code), i.e., it rejects domestic, most commercial and 254
a small part of the industrial ones; even more so, when only those consumptions that really make 255
sense to be the object of these explicit flexibility services are considered. 256

The latter may make sense in the initial stages of the implementation of the figure of the IA 257
in the sector; however, according to Law 7/2021 of 20 May on climate change and energy transi- 258
tion [2], within twelve months of the entry into force of this law, the Government and the National 259
Commission for Markets and Competition, in the exercise of their respective powers, will present 260
a proposal to reform the regulatory framework in the field of energy to promote [...] the partici- 261
pation of consumers in energy markets, including demand response through independent aggre- 262
gation, which has not been achieved. This lack of legislation is partly due to the complexity of the 263
challenge faced, as it would first have to be decided which model of independent aggregation is 264
to be implemented in the national electricity system. 265
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On the other hand, in February 2023 the MITECO opened the Preliminary Public Consultation 266
on the drafting of the Royal Decree regulating the conditions for the supply and contracting of 267
electricity and establishing regulatory principles for the independent aggregator [19], in which the 268
need is expressed to address a regulatory development that includes, among other aspects, the 269
regulatory framework of the new subjects of the electricity system, and in particular the inde- 270
pendent aggregator, so it is understood that the intention is to continue advancing in the matter, 271
despite there being no new developments in this respect. 272

On 19 April 2021, the Draft Order creating a capacity market in the Spanish electricity system 273
[20] was published, as there is still no capacity market in Spain; however, after having been sub- 274
mitted for public consultation, no significant progress has been made. In this document, the ca- 275
pacity market is proposed as a centralized system through which the System Operator (SO), REE, 276
can contract the firm's power needs (in MW), after having detected the need in the demand cov- 277
erage analysis. 278

On 28 July 2021 the CNMC approved this Draft Order [21]; however, it included several rec- 279
ommendations, among which is the one regarding the duty of the Draft Order to allow the partic- 280
ipation of the independent aggregator in such capacity markets. Since then, there have been 281
hardly any developments on this issue by the national bodies in charge of moving forward with 282
the definitions of the regulatory frameworks (except for the mentioned Prior Public Consultation 283
on the drafting of the Royal Decree regulating the conditions for the supply and contracting of 284
electricity and establishing regulatory principles for the independent aggregator, opened by the 285
MITECO [19], which it’s only a Prior Public Consultation). 286

If the interest of the electricity system is to achieve the Energy Transition, and for this itis 287
necessary to make demand more flexible, then the regulations that are defined must be in line 288
with these interests. Therefore, the consumer must be placed at the center, activating them, and 289
turning them into prosumers. 290

Furthermore, in addition to looking after the interests of prosumers, the aim is to increase 291
the efficiency of the decarbonized electricity system, making the grid resilient while avoiding the 292
economic costs related to increased investment in infrastructure. Meeting these requirements, in 293
addition to allowing private companies operating in the sector to continue generating economic 294
value for society, will be the definition of the pursuit of the common good. 295

Moreover, when reference is made to a common good, reference must also be made toa 296
time, since to achieve the solution that is best for all parties as a whole in the medium and long 297
term, sacrifices may have to be made in the short term. In this sense, of course, one can say that 298
the solution should not be immutable over time, but that it must evolve during its implementa- 299
tion, and indeed. 300

With this long-term horizon, the product to be addressed (demand flexibility) should be de- 301
veloped based on simple pilots, including the proposal of new solutions as problems are detected, 302
but not as definitive until they are properly validated by the system. Therefore, and to avoid so- 303
lutions to problems that are not real, the following premises are formulated, the whole of which 304

will be named "the product sphere" 1. 305
306

3.1. The Product Sphere 307
1. Whyis demand flexibility being sought? 308
Because it will result in a common good for all stakeholders in the electricity system. 309

310

2.  How do you intend to make the demand side of the electricity system more flexible? 311
Through technological products that allow stakeholders to interact explicitly in the electricity 312
market. 313

314

3. What s going to develop in the electricity market? 315

A business model in which independent aggregators make it easier for consumers to offer 316
their electricity flexibility in the markets, in exchange for financial compensation. 317

While these are the three basic questions that a company must ask itself when developinga 318
product, according to this logical order, around which it must gravitate at (almost) all times, a 319
fourth one is proposed, which would be the company's reason for being. 320

4.  For what should independent aggregators participate in this market? 321

1 Inspired by Simon Sinek's theory "The Golden Circle". https://simonsinek.com/golden-circle/
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To generate wealth by adding value to the stakeholders of the electricity system. 322

While these premises may seem overly logical, it is important to make them clear to always 323
maintain the objective of the flexibility of the task, which is to impact on a common good for the 324
entire electricity system. By this, reference is made to saving the total cost for consumers, devel- 325
oping a decarbonized energy model that allows perpetuating the use of energy by the people that 326
make up society, as well as by the companies that oversee producing goods and providing services 327
to society. 328

3.1.1. Why? 329

With the goal of demand flexibility in mind, which is to create value for the electricity system 330
and its users (consumers), the optimization of the electricity system will be sought to meet this 331
objective, leaving behind less efficient generation technologies. Although these generation plants 332
based on burning fossil fuels made it easier for the system to generate the electricity always 333
needed to meet society's demand, they had a negative impact on society by releasing greenhouse 334
gases that would ultimately have a devastating negative effect on society. 335

To avoid this negative effect, other generation methods are chosen which, although they 336
also have the positive characteristic of being more economically efficient, have the technical re- 337
striction of generating energy that is less adaptable to demand. However, if the purpose of elec- 338
tricity consumption is to provide a solution to a need, this need can be displaced over time without 339
harming the well-being of those who consume it. 340

There is an objection to this last premise, and that is that this temporary displacement of = 341
consumption implies an effort and a reduction in comfort for consumers, who expect to receive 342
something in return for this sacrifice. Up to now, it has been common for certain consumers to 343
plan their consumption according to the price of energy, known as implicit demand flexibility, 344
producing an economic saving that compensates for the inconvenience, otherwise they would not 345
do so. 346

In line with this consumer rationale of getting a reward for their effort, it has been shown 347
that these price signals are not always sufficient to change the national consumption pattern to 348
always match generation and must be taken further. However, this type of behavior is not new, 349
as the electricity system already contemplated the case of non-delivered energy [22], in which 350
large consumers are rewarded for not consuming during the most expensive hours of generation. 351

In This economic sacrifice faced by the system, paying for not consuming, represents a total 352
saving for the system by avoiding an increase in the price of energy (since this is a marginalist 353
price system in which the last offer sets the final price of the energy unit sold). In a similar way to 354
the one described above, the aim is now to shift this energy away from consumers, resulting in 355
much greater savings for the system. 356

In line with this, since not all consumers are willing to change their consumption patternsin 357
exchange for savings on their energy bills (implicit flexibility), it is necessary that they receive suf- 358
ficient economic income to give up this consumption during this time period (explicit flexibility). 359
To provide a solution to this problem, the figure of this new actor, the demand-side Al, comesinto 360
play, in charge of bringing together those consumers willing to sell their energy flexibility at the 361
times required, at the lowest possible price. 362

To show more visually how explicit demand flexibility can significantly improve price reduc- 363
tion in wholesale markets, a graphical representation of this reduction is shown in Figure 5. This 364
demonstrates how all consumers will benefit from the reduction in the cost of energy resulting 365
from the explicit activation of demand flexibility, and not only those who directly sell their flexi- 366
bility in the markets [23]. 367
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Figure 5. Explicit Demand Response Reduces Wholesale Electricity Prices [23] 369

In this Figure 5, it can also be seen how the price reduction will be more notable the steeper 370
the slope of the marginal energy supply curve in the markets, as well as the greater the reduction 371
in demand for that period. Furthermore, it can be seen qualitatively how the total amount of 372
energy traded in the flexibility markets does not necessarily represent a very representative 373
amount compared to the total amount of energy dispatched in that period of time. 374

Having demonstrated the rationale for explicit demand-side flexibility, further thought 375
needs to be given to how independent aggregators will be able to mobilize these consumers to 376
bid their flexibility in these markets. 377

3.1.2. How? 378

Any major paradigm shift involves a technological disruption, as was the case with the intro- 379
duction of smart meters in the Spanish electricity system, where, by the end of 2019, 99.22% of 380
domestic consumers (less than 15 kW of contracted power) already had one [24]. Today, with this 381
milestone already reached, the electricity system can go further, with the help of the technology 382
industry, if it manages to convert this energy data into useful information for consumers. 383

It is true that consumers can access their smart meter data through the portals of their cor- 384
responding distribution company, as well as through some retailers and other ESCOs, but few 385
companies are trying to go beyond the merely informative process and convert the data into per- 386
sonalized recommendations for the user. Moreover, today's society already has what is probably 387
the most disruptively affordable technological tool at its fingertips, the mobile phone. We can 388
increasingly see how this tool continues to replace other technological devices, such as the credit 389
card or the computer, to become the ideal digital medium to drive the business model of compa- 390
nies 2. 391

This tool, so ubiquitous in the lives of today's modern citizenry, has surpassed the reach ex- 392
pected a decade ago, when it was not believed that older people would not be as fluent as they 393
are today. However, it will be important for these companies to promote the education of society 394
in these aspects of energy, which are generally unknown to a large majority of the population. In 395
this sense, it is perceived that certain very old generations may suffer exclusion because of the 39
existing digital divide in our society, which will have to be solved in one way (business altruism) 397
or another (public services). 398

Thanks to this, the electricity sector will have the possibility to interact with consumersina 399
much more dynamic way than it has done so far, creating a niche market particularly welcoming 400
to IAs, as other ESCOs are already doing. Moreover, as artificial intelligences and other algorithms 401
in the energy and technology industry expand, the opportunity arises to learn to predict, inform 402
and recommend behavioral patterns to align consumers with their energy efficiency and cost- 403
saving goals. 404

2 Inspired by the book "What is your digital business model? Six questions to help you build the next generation com-

pany" by Peter Weill and Stephanie Woerner.
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Therefore, having the right tool to solve the problem demonstrated, it only remains to ex- 405
plain what can be done to increase the efficiency of the electricity system through the mobile 406
device. 407

3.1.3. What? 408

Now that it is clear why the objective of making the electricity system's demand more flexible 409
will be good for the stakeholders that participate in one way or another in the electricity system 410
and its markets, and knowing the tools that will be available to achieve it, "only" what is needed 411
is to define what is going to be done to achieve it. As previously mentioned, consumers will be 412
encouraged to become more flexible in their consumption if they receive some reward in return, 413
and the more reward for consumers, the more they will want to participate and the greater their 414

efforts will be. 415
The first thing to be clear about the product to be marketed is that it has two very different 416
approaches, depending on who the customer is in each case: 417

Explicit Flexibility for the Electricity System and its Markets. From the point of view of the 418

electricity system, the objective of purchasing this flexibility is to reduce the total cost of 419
the energy supplied to national consumers, while at the same time decarbonizing genera- 420
tion sources, increasing the security of the system, etc. Therefore, while the system is will- 421

ing to offer a financial reward for flexibility that brings them value, to achieve this increase 422
in efficiency and resilience of the system, its mission will be to achieve it at the lowest pos- 423

sible cost. 424
Explicit flexibility for consumers. From the opposite point of view, consumers will be will- 425
ing to offer their flexibility in markets if the economic reward they perceive for it is high 426
enough to be worth the effort. Therefore, consumers will aim to change their consumption 427
patterns only when the economic remuneration seems sufficient. 428

This is the fundamental value that the 1As will bring to both parties, the economic meeting 429
of this point of equilibrium, as shown in Figure 6, and the assurance that the flexibility that they 430
have committed to provide to the system will be realized. Once again, this figure in charge of 431
aggregation must have a monetary remuneration associated with his or her professional perfor- 432
mance, otherwise there would be no incentive other than altruism (which is insufficient) to take 433
responsibility for this commitment. 434

Cantidad de Ud. E.
Flexibles

ar Il Prosumidor

Q,
R, Remuneracién por la
Ud. E. Flexible 435
Figure 6. System-Prosumer Balance Point 3 436

The method of sharing the revenues generated in the market from the sale of the flexibility 437
of their associated consumers that the IMs will realize will depend directly on the methodology 438
to be defined in the regulatory frameworks. Within the proposed models for this sharing, the one 439
chosen will be crucial for this, as the relationship they will create with their associated consumers 440
and with the BRPs in charge of supplying consumers will depend on it. 441

3 Own elaboration - As can be seen in the curve offered by the prosumer, there is a very small number of them who will

offer some flexibility without expecting economic remuneration in return (ecological altruism).



Regulatory Analysis and Independent Aggregators Models in the Peninsular Electricity System 2023 11 of 23

Likewise, the model chosen will have to take into account the avoidance, as far as possible 442
and recommended, of economic conflicts arising from the activation of this flexibility, respecting 443
the business models of suppliers (at least for the time they need to adapt to the new reality), but 444
at the same time ensuring that the remuneration to consumers is sufficient to generate the at- 445
traction of participating in such events. Of course, this split will have to be divided into a third 446
part, corresponding to the IAs for taking on the risk associated with balance sheet liability, which 447
gives rise to the most superficial layer of the product sphere. 448

3.1.3. For What? 449

Most of these new players on the electricity scene have not yet decided to venture into the 450
new business of managing the explicit flexibility of consumers in the system, as this is a new busi- 451
ness model for the energy transition whose legislative framework has not yet been defined. The 452
number of participants willing to enter the game will depend on the estimated profit potential of 453
this new sector, so the market should ensure that, in the long run, it is as close to perfect compe- 454
tition as possible. 455

It would make no sense to establish the figure of the aggregator as independent of the en- 456
ergy suppliers to encourage good practices in the sector (or rather, to avoid bad ones) if it ends 457
up resulting in a sector that is more oligopolistic than the former. 458

In short, the main motive that drives companies to compete is the generation of wealth for 459
themselves, which they must achieve through the generation of value for others. In this case, the 460
more value IAs contribute to the electricity system and, therefore, to consumers, the more eco- 461

nomic benefit they should consequently reap. 462

However, it is worth noting a change in industry trends, with more and more companies 463
developing sustainable business models through: 464
e  The definition of a decarbonized strategy; 465
e whose core business is based on sustainability; 466
e  through digital transformation. 467

Although these attitudes can be approached from a utilitarian philosophy, as suggested by 468
Larry Fink (CEO of BlackRock) in his letter "A Structural Change in Finance" [25], they are valid for 469
generating value for society, despite not having a purely deontological motivation. In other words, 470
more and more companies know that they must generate value for their stakeholders if they want 471

to make sustained profits over time, which is, of course, acceptable. 472
4. Methodology and Models 473
Next, the characteristics of the possible independent aggregation models that may come 474
into force in the peninsular electricity system are defined: 475
e Afirst ratification of the independence of the aggregator will be made, 476
e  The need or unnecessary need to compensate the supplying BRP for this flexibilised energy 477
will be discussed, 478
e And the convenience or inconvenience of correcting the deviations derived from the imbal- 479
ance. 480
4.1 Aggregator Independence 481

The European Parliament and the Council of the European Union, through the previously 482
mentioned Directive (EU) 944/2019 [26], which deals with common rules for the internal electricity 483
market and amends Directive 2012/27/EU, explicitly refers in Recital 39 to the fact that Member 484
States should be free to choose the appropriate implementation model and governance approach 485
forindependent aggregation [18] . This already protects the independent figure of the aggregator, 486
separating it from the figure of the energy supplier, a position that has been defended throughout 487
this project. 488

4.2 Financial compensation 489

The independent aggregator, by activating the prosumers' explicit flexibility, has modified 490
the energy consumption that was supposedly foreseen by the supplier, who has (or has not) pur- 491
chased this energy prior to the activation. In this sense, the term compensation refers to the need 492
for the IA to cover the full cost of the activated energy to the supplier, a case which has been 493
applied in Switzerland [27]. 494

According to Article 17.4 of the same Directive, Member States may require participating 495
electricity undertakings or final customers to pay financial compensation to other market partici- 496
pants or their balancing settlement agents if these market participants or their balancing settle- 497
ment agents are directly affected by the activation of demand response [26]. According to this 498
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wording, it will be left to the drafting legislation to decide whether or not to include this need for 499
compensation from the IMs to the affected BRPs. 500

A clear example is given in cases where the IA is given the signal to reduce the consumption 501
of its customers, which could have been foreseen and purchased by the supplier, so that it would 502
now have a quantity of energy that it has not been able to place on the markets, generating eco- 503
nomic losses. Generally, this energy is bought the day before by the trader (or his representative) 504
on the markets and, in this case, in which he has not been able to sell it on the intraday markets, 505
the trader's perimeter would be modified. 506

In line with this potential problem, Recital 39 of the Directive analyzed here also addresses 507
it with the following wording: such a model or approach could include the choice of regulatory or 508
market-based principles that offer solutions to comply with the provisions of this Directive, includ- 509
ing models in which [...] perimeter corrections have been introduced [26]. 510

In this respect, the author of the project believes that the opposite situation should also be 511
considered, where thanks to the activation of prosumer flexibility, the supplier has been correct 512
in its consumption forecasts. Returning to the previous example, in which the 1A is given the signal 513
to reduce the consumption of its customers, for example due to an unexpected increase in the 514
total demand of the network, it could be the case that the supplier had not predicted such a con- 515
sumption peak by its customers, so that thanks to the activation of the demand by the IA, it would 516
avoid the imbalance of its portfolio. 517

On the other hand, if the supplier had correctly estimated the consumption of its customers, 518
and had this surplus energy, it could try to sell it as tertiary reserves or to other suppliers thathad 519
failed in their forecasts. However, this would require a system of aggregated information that 520
would allow the IM to inform the BRP of the flexibility foreseen for its customers, without, on the 521
other hand, revealing confidential information. 522

This reporting requirement should not be imposed but should emanate from a close collab- 523
oration between the two actors, with the BRP being in charge of opening the discussions with the 524
different IAs participating in the system, as it would be the beneficiary of the information ex- 525
changed. On the other hand, the IM may have a certain interest in opening the talks, since, having 526
detected the latent need on the part of the BRPs, he will be aware that he can ask for financial 527
remuneration for such collaboration. It is preferable not to pursue this collaboration further, 528
since, depending on the business model of the traders, they could also become direct competitors 529
of the IM, in terms of implicit flexibility or in terms of vertical extension of the business models of 530
the business group to which the trader belongs. In fact, due to the powerful financial muscle that 531
these utilities may have, it is not surprising that acquisitions may take place at the corporate level, 532
especially in the earlier scenarios (the business strategy that the IA may pursue in the long run 533
will be mentioned at the end of the project). 534

That said, the trade-off, to be fair (the fruit of reason), should consider both situations, both 535
positive for the suppliers and negative. In any case, if this compensation were to be implemented, 536
it would be going against the efficiency of the system in the long term, as it must be the task of 537
energy suppliers to learn to foresee these changes in the consumption patterns of their custom- 538
ers. 539

This task of learning to foresee the new consumption curves of prosumers is fundamental, 540
because although compensation for the explicit activation of their customers' flexibility is still be- 541
ing considered, at no time will compensation be considered for the mismatches linked to implicit 542
flexibility. This implicit flexibility, which will become increasingly significant as fossil generationis 543
economically locked in at peak times and renewables are cannibalised at peak times, will also pose 544
a challenge for these BRPs charged with forecasting the new load curves of end-consumers. There- 545
fore, a framework must be created that pushes suppliers to innovate in their business models, 546
and not one in which it is indifferent whether they improve their tasks or become obsolete. 547

In line with this, if suppliers were to be compensated for the mismatch in their portfolios 548
following the explicit activation of demand flexibility, they would have no incentive to innovate in 549
their forecasting methods, thus slowing down the technological development of the electricity 550
system. This goes against the core of this project, in which the guiding maxim of this disruptionin 551
the energy sector is the search for overall system efficiency. On the other hand, a compensated 552
model would be much more costly to implement, with administrative and economic obstacles for 553
the new independent aggregation figures, with many more tasks for the regulatory body and for 554
the rest of the system's agents. 555

Furthermore, if the IA had to compensate the supplier for this energy not supplied to its end 556
customers, the resulting economic amount to be shared among prosumers who have made their 557
consumption more flexible would be much lower, which would slow down prosumers' 558
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participation in these events of explicit activation of their flexibility. Likewise, the remuneration 559
that 1As could receive for their energy management would be greatly reduced, which would bea 560
barrier to the entry of new market players competing in this new business modality, slowing down 561
the overall efficiency of the system. Ultimately, a model with compensation would curb the inter- 562
est of private companies and citizens to actively take part in the energy transition, delaying and 563
even preventing it. 564

Legislation is therefore urged to design policies that focus on a model of implementation 565
without compensation, that encourages companies to disrupt by creating new technological busi- 566
ness models for the energy transition and that places consumers at the center of the electricity 567
system; leaving the politics to drive innovation, rather than to perpetuate the unproductive prac- 568
tices. 569

4.2.3 Net Benefit Principle 570

This principle refers to the assumption of part of the responsibility for the ToE (Tranfer of 571
Energy) on behalf of the IA, which is responsible for assuming the cost of compensation up toan 572
economic figure per energy unit activated; beyond that figure, the cost would be socialized. Again, 573
this is a system of compensation to the retailer, but with the exception that it would avoid that, 574
in cases with very high energy prices, this would not have to be completely assumed by the IM;a 575
case which has been put into practice in the United States [27]. 576

Following the previous reasoning, this would not make much sense in the author's opinion 577
either, as the 1A would be paying for energy that has not been consumed, and which it does not 578
have the capacity to sell in any market. It is important to remember that the aggregator's task is 579
to adjust DERs on the demand side to match supply, whether for technical or market reasons, but 580
at all times providing value to the system and the electricity market. 581

What this principle makes clear is that, as in most cases where demand is activated, it will 582
be downward and mainly driven by high electricity prices, the activity may not be profitable. In 583
these compensation cases, the price of the ToE would be excessively high, either for market or 584
technical reasons, which could make the IA unwilling to participate in the auctions. 585

It is important to remember that the IM does have several responsibilities, in that it has 586
committed to provide the system (or the BRP) with flexibility, and in the event of non-compliance 587
it will have to pay the cost of its own deviations. These deviations should be the sum of the cost 588
of the energy that has been necessary to supply this uncontrolled demand, plus a surcharge inthe 589
form of a penalty for the mismatches caused. This, and no other, is the responsibility of the IM. 590

4.3 Correction of Deviations 591

Furthermore, in this Recital 39, it is included that such a model or approach could include the 592
choice of regulatory or market-based principles that offer solutions to comply with the provisions 593
of this Directive, including models in which the deviations have been resolved [26]. This refers to 594
the possible correction of deviations resulting from the imbalance of the BRP, which means that 595
within the proposed models, there may or may not be a need to compensate the energy supplying 59
BRP for deviations that the explicit activation of demand flexibility of its customers may have 597
caused it. 598

In this sense, the author wishes to emphasize the double direction that this correction should 599
take, as there is also the possibility that the supplier has not incurred deviations thanks to this 600
activation of demand. This approach is little or not at all mentioned by the groups of marketers 601
who refer to the need to correct the deviation to these BRPs in charge of buying energy in the 602
markets, but who do not refer to those cases in which they do not incur in such deviation thanks 603
to the activation of flexibility by the aggregator. Of course, without taking into account the possi- 604
ble sale of energy in the markets closest to the time of consumption, there should always be a 605
responsible party, either for the balance achieved (thanks to the activation of the IA), or for the 606
imbalance caused (derived from the activation of the IA). 607

This means that, in the case of applying a corrected model in which possible penalties for 608
imbalance are avoided for the BRP of prosumers activated by the IM, it makes sense to the author 609
that the opposite case should also be weighed in some way. This would vary depending on which 610
figure would be responsible for correcting such deviations, as one could opt for a contractual 611
model, in which the IM itself would be responsible for the deviation; or for a central settlement 612
model, in which the TSO would be the one to modify the marketer's programmed for the purposes 613
of the deviation caused. 614

4.3.1 Deviation Correction by the TSO 615
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In the case where a corrected model is chosen by REE, it would be this agent who would 616
oversee modifying the marketer's programmed, being able to assume responsibility in the event 617
that it would be necessary to pay the economic amount derived from the mismatch, as is the case 618
in Ireland [27]. The author believes that this would have little effect in a competitive market be- 619
cause, as explained above, it is possible that other suppliers would be able to place this surplus 620
energy (in case of DR to fall) in the tertiary markets, so only those who have not been able to 621
manage the mismatch correctly would be remunerated. 622

This methodology of rewarding those BRPs that are less efficient would result in a reduction 623
of efforts by the rest of the BRPs that have complied, as there would not be sufficient motivation 624
to solve the mismatch. This inefficiency of the system goes against the core of what has motivated 625
the electricity system to promote demand flexibility in search of an increase in efficiency, so that 626
the net benefit for the grid would be almost non-existent. 627

In the case of seeking to assist BRPs in the most initial scenarios of implementing a demand 628
flexibility system, one could envisage a model in which they are compensated for their customers' 629
participation in flexibility events, as a correction for deviations, but regardless of whether these 630
deviations have occurred. This approach would be fairer to those BRPs that have been able to 631
hedge their portfolios efficiently, placing excess energy bundles more boldly than their competi- 632
tors, while subsidizing the inefficiency of those BRPs that have not been able to adapt to regula- 633
tory change. 634

However, while this expense would be borne by the OS/TSO, it would end up being indirectly 635
passed on to the entire electricity system, i.e., to all consumers, who ultimately make the power 636
purchase payments. In one way or another, wherever the economic losses of any of the agentsin 637
the electricity sector are compensated, an economic debt will be generated that will not have 638
been directed towards the generation of added value, but rather towards the subsistence of those 639
fewer dynamic actors. 640

Therefore, the TSO should not be responsible for assuming this cost derived from the lack of 641
adaptation of energy suppliers, as it is not responsible for the fact that the BRPs have not been 642
able to correctly balance their energy portfolios. If anything, the implementation of the independ- 643
ent aggregation model should be staggered and spread out over time, so that all actors in the 644
system could adapt to the changes introduced and can iterate their strategies until they can vali- 645
date them. If anything, it is to carry out the implementation of the independent aggregation 646
model in a staggered and relaxed manner over time, so that all actors in the system could adapt 647
to the changes introduced, being able to iterate their strategies until they manage to validate 648
them. 649

4.3.2  Deviation Correction by the IA 650

In the same way that has just been analyzed for the TSO, the correction of the BRP deviations 651
supplied by the IM would be totally inefficient, even more so than the correction by the TSO. In 652
this case, it does not make sense to the author that the same agent in charge of adjusting demand 653
to the conditions of the electricity system should be responsible for bearing the economic cost of 654
the BRP portfolio mismatch. 655

Again, if the idea is to encourage the prosumer to offer its flexibility in the energy markets 656
(which it is), measures cannot be taken that reduce its potential profits, just as neither should the 657
profits of the agents directly responsible for increasing the system's performance be reduced. This 658
line of thinking is closer to the search for culprits for the potential economic loss of the supplier, 659
than to focusing the network strategy on an efficient system that makes all agents responsible for 660
their activities. 661

Therefore, it should not be the IA that is responsible for assuming the penalties for the im- 662
balance of the BRP, as it is not responsible for the fact that they have not been able to adapt to 663
be able to correctly balance their energy portfolios. The maximum commitment that this new 664
figure can acquire is to be implemented gradually in the electricity markets, so that the impact of 665
its initial activations is negligible due to its negligible size compared to the volume of energy dis- 666
placed by the BRPs. In this sense, it would be positive to continue creating pilot projects in con- 667
trolled environments, so that the positive impact of their actions can be validated, and energy 668
marketers are given a temporary margin to adapt to the change in the electricity scenario. 669

5. Results 670

Now that the approach to dealing with regulation has been defined, it is possible to proceed 671
to analyze the different models of independent aggregation. 672
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The maxim pursued by this project is the search for the common good for all stakeholdersin 673
the electricity system; furthermore, it must be emphasized that the achievement of these objec- 674
tives should not be short term, but that a correct implementation that is sustainable over time 675
should be pursued. This nuance is considered very relevant, because although some measures 676
may be positive ipso facto from the moment of their implementation, they may prove to be a 677
long-term obstacle to achieving what is intended. 678

A myriad of examples could be given below, most of them being policy measures taken to 679
intercede in the electricity sector in a way that directly had a positive effect, but whose second 680
and third consequences of the action taken point to a setback in the indicator that was intended 681
to be improved. However, as this is not the objective of the project, it will be avoided; while brush- 682
ing up policies may be the objective, politics will be avoided. 683

Having clarified this long-term approach to the goals to be pursued in the analysis of the 684
different IA models, based on the concept of innovation as the ability to generate value in the 685
future, it is also necessary to delve deeper into the relationship between the IA and the energy 686
supplier. The analysis of this relationship will occupy much of the analysis, as well as the analysis 687
of the responsibility of the balance, as other variables have been studied, which will allow the 688
framework of the different possible relationships between the aggregator and other agents inthe 689
system to be delimited. 690

At the outset, it is necessary to point out that there is no specific methodology suggested or 691
established at the global level that would lead to a model suitable for all electricity systems. Asa 692
result of this lack of global consensus, and as the best possible case to support the validity of all 693
of them, each national electricity system is opting for a different approach to the same problem. 694

Although each electricity system is different in terms of generation technologies, the degree 695
of distribution of generation and consumption points, level of interconnection, and a long etcet- 696
era, it is believed that each of them brings a series of advantages and disadvantages which, de- 697

pending on how they are evaluated, may weigh more heavily on one or the other. 698
699
5.1. Models 700

Returning to the Impact Assessment Study on Price Flexibility, Demand Response and Smart 701
Metering [9], from which Table 1 has been extracted previously, the forecasts are attached in this 702

document, and shown in Table 5, according to these three options: 703
1. Option 1: DR is promoted through legislation giving all EU consumers the right to de- 704
mand access to smart meters and dynamic pricing; 705
2. Option 2: DR is promoted through legislation as in Option 1 and EU standardized market 706
rules for DR providers are established; 707
3. Option 3: As Option 2, but where the DR service provider has the right to offer its ser- 708
vices without compensation to the supplier/BRP; 709
Table 2. Estimated DR Under Policy Alternatives (GW) 710
Capacities 2016 2020 2030
Price based 5.8 6.4 154
Incentive based 15.6 16.3 19.0
BAU 214 22.7 34.4
Price based 5.8 6.9 17.9
Incentive based 15.6 16.3 19.0
Option 1 214 233 36.8
Price based 5.8 6.9 17.9
Incentive based 15.6 20.3 34.6
Option 2 214 27.2 52.4
Price based 5.8 6.9 17.9
Incentive based 15.6 214 393
Option 3 214 284 571
711
9] 712

As can be seen in Table 2, for any of the options, the achievable potential remains well below 713
the theoretical maximum for 2030, but exceeds the estimate that Europe was aiming for at the 714
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time of the EC document (2016). It also shows that Option 1 only improves the previous existing
model by 7 %, while Options 2 and 3 improve it by 52 % and 66 % respectively.

As for the environmental part associated with these energy forecasts, for the estimation of
the total reduction of CO2 emissions possible by 2030, according to this same document, refer-
ence is made to a reduction of around 3.4% of total emissions for the three models, giving a min-
imal advantage to the 2nd over the 3rd, and to the 1st over the 2nd. However, these calculations
may be quite outdated, as current generation models have become much more sustainable; for
example, in the case of Spain, renewable production in the electricity system has been 46.7% and

42.2% in the years 2022 and 2023, respectively [28].
As for the economic estimation, this EC document provides estimates of the costs and ben-
efits up to 2030 of the different policy options described above, which are attached in Table 3.

Table 3. Quantitative Estimation of the Costs and Benefits of each of the Policy Options

MEUR/y Costs Benefits Net benefit
Network Generation Total
BAU 82 980 3,517 4,497 4,415
Option 1 303 1,068 3,772 4,840 4,537
Option 2 322 1,383 4,588 5,971 5,649
Option 3 328 1,444 4,736 6,180 5,852
L9l

A priori, the choice of option 3 may seem obvious due to the net benefit of its implementa-
tion; however, in Table 4, an overall comparison of the policy options can be qualitatively ob-
served, showing that inconsistencies may exist, according to the following assessment criteria

[10]:

. Effectiveness: how much additional RD is achieved;
. Efficiency: cost-benefit analysis;
e  Coherence: how the options fit with EU policies, with EU objectives.

Table 4. Qualitative Estimation of the Costs and Benefits of Policy Options

Effectiveness Efficiency Coherence
Option 1 + + ++
Option 2 ++ +++ +++
Option 3 +++ +

Note: + means positive effect of increasing magnitude

1[9]

According to this Table 4, Option 3 succeeds in triggering higher DR, but may lead to ineffi-
ciencies in the system, due to the risk it allegedly introduces in balancing markets. Therefore,
Option 2 is more attractive for this EC analysis, in that it triggers DR (both through price signals
and incentives) and respects the EU's internal market and fair competition policy objectives.

To better understand this phenomenon of fair competition in existing markets, Table 5 is

attached below, wherein:

e  Generators (with special reference to fossil fuel-based generators) lose profits in marginal
markets during DR hours;

. Network operators (OS/TSO) reduce CAPEX expenditure, but their profits should not be al-
tered;

e  Suppliers reduce risk the more consumption is reduced at peak hours, as the prices at which
they buy are higher than the prices at which they usually sell to their customers;

e  The supplier's BRP tends to generate losses and increase financial risk when it has to re-
balance its positions after DR activations;

. IAs will make more money the less they have to compensate BRPs;
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e  Consumers will always make money, the more profit the more total profit is generated for
the electricity system.

Table 5. Distributional Effects of Policy Options for Electricity System Actors

Actor Option 1 Option 2 Option 3
Generators Will lose profit on intra Will lose profit on intra Will lose profit on intra
marginal generation at marginal generation at marginal generation at
peak load peak load peak load
Network Reduced need for Reduced need for Reduced need for
operators investment —no change in investment — no change in investment — no change in
profits profits profits
Suppliers Potentially, reduced risks as As Option 1 plus effect As Option 2 though
consumers reduce peak from more even wholesale possible larger effects on
load demand where prices. Both gains and wholesale prices.
wholesale prices are high losses.
and exceeding the retail
prices.
BRP No change No change Will lose on extra balancing
costs (increased financial
risk)
Aggregators No change Increased business Increased business
opportunities opportunities (more than in
option 2)
Consumers Reduced electricity bill Reduced electricity bill Reduced electricity bill
(more than in option 1)
1[9]
6. Discussion

As can be seen in the European Commission's results, none of the three options refers to the
correction of deviations, neither by the System Operator nor by the Independent Aggregators,
nor jointly. This is an issue that would also have to be addressed, as it implies an economic amount
that will have to be assumed by one of the agents, as the energy suppliers would bear this cost.

On the other hand, Option 3 should generate more benefits than those shown in Table 3 in
the case that suppliers/BRPs would not have to be compensated for the energy they have not
been able to sell in the markets, due to the reduction in energy demand expected from the acti-
vation of demand by independent aggregators.

Since the author believes that these are not the only variables that should be considered,
but that the qualitative analysis should be broken down, a proposal of his own elaboration is at-
tached in Table 6.

Table 6. Model Weighted Points

WEIGHTING

Easy to Implement

2

Increasing Competition among IA

OPTION 3

No Cost to the System
Encourages Consumer Involvement
Secures Existing Business
Promotes Innovation

RESULT

N(RPWIN|P

1 Own elaboration

As can be seen in Table 6, the most highly valued feature is consumer participation, as this
is the most relevant characteristic for the electricity system, which needs to make demand more
flexible to be able to accommodate increasingly renewable generation. In this aspect, a higher
score was given to those models that pass on a higher remuneration to the consumer for explicitly
activating their flexibility.
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After this primary characteristic, the aim was to make it easy for the electricity system to 780
implement, at the lowest possible economic cost. In this respect, Option 3 requires less technical 781
requirements for cross-checking information related to the responsibility of payments between 782
agents for the energy compensated. 783

The author is aware that Option 3 would be a major challenge for marketers, many of which 784
will not be able to adapt to the technological challenge. Although this may seem a negative aspect 785
for the marketing sector, it is only negative in the short term, and it is more positive for the system 786
that those that can adapt to the new changes that the technological era and the energy transition 787
represent remain in business. For this reason, it has been valued that innovation in the sector 788
should be favored over ensuring that all the companies currently operating in this market will 789
perpetuate their activity without contributing value to their customers or to any other agent in 790
the system. 791

Finally, if one were to include in this assessment which actor should be responsible for the 792
diversion, one would conclude that it should be the suppliers/BRP, following the same model as 793
for balancing. In this case, it would not be the independent aggregators who would directly (and 794
consumers indirectly) bear this cost in the case of the TSO; however, this economic cost would 795
ultimately be passed on to consumers, so it would not be advisable to follow this logic. 796

However, with this economic amount, money could be allocated to these same suppli- 797
ers/BRPs to invest in innovation, to improve their capacity to anticipate incidents, or even by using 798
other sustainable technologies to store the possible surplus caused by the diversion between en- 799
ergy purchased in the markets and energy finally sold to their customers. 800

7. Conclusions 801

This project has been motivated by the need for the peninsular electricity system to imple- 802
ment demand flexibility, increasing the technical efficiency of the grid and its electricity markets, 803
with the resulting benefit for all consumers. Furthermore, this activation of demand would end 804
up generating added value for all agents linked to the electricity system, from the transmission 805
and distribution grid managers themselves, to the suppliers, their BRPs and the new companies 806
in charge of carrying out independent aggregation of demand, with the consumer benefiting from 807
all these improvements. 808

This activation of consumers, turning them into prosumers, places them at the centre of the 809
electricity system, taking them out of their current comfort zone, in which they passively consume 810
energy without getting involved in the system, thus allowing them to be the protagonist of the 811
energy transition towards a decarbonized model. This transition will make the electricity system 812
sustainable, reinforcing the environmental level, avoiding the emission of greenhouse gases; the 813
social pillar, by favoring a reduction in energy prices for all citizens; and the economic base, by 814
making the electricity system and its markets more efficient. 815

This active consumer, who will become the prosumer, will be rewarded for his efforts 816
through implicit flexibility, in which he will reduce his energy expenditure by shifting his consump- 817
tion to cheaper (and less carbon-intensive) time slots; as well as through explicit flexibility, in 818
which he will receive a monetary income for sacrificing his consumption interests to signals from 819
other agents in the system. Moreover, this active behavior will also allow other passive consumers 820
to reduce their electricity bills, as energy prices are reduced for all buyers in the market (being 821
marginalist). 822

To achieve these objectives, the figure of the independent aggregator will have to be cor- 823
rectly defined in the national regulatory framework, allowing it to deploy its full potential to gen- 824
erate value for consumers and for the rest of the electricity system agents. Among the activities 825
that it will undoubtedly be able to carry out are these explicit services of distributed flexibility in 826
which, through the representation of its customers in an aggregated manner, it will be able to 827
make them participants in balancing services, adequacy and management of other technical re- 828
strictions of the system; it will also be able to do so in the wholesale markets. 829

As expected, defining the regulatory model through which the independent aggregator will 830
be able to interact with the system operator and transmission system operator, with the distribu- 831
tion system operators, and with the suppliers and their RTOs is crucial to build the path that will 832
link the consumer to the electricity markets. Therefore, the student has decided to rethink the 833
questions that were being formulated in the state of the art, and to face the needs of the regula- 834
tory model as he would do in his working life, defining the problem with a product approach. 835

Thus, the problem has been understood from the core, focusing the solution on the sustain- 836
ability of the electricity system, impacting on a common good for all stakeholders, defining the 837
optimal way to make prosumers' demand more flexible through the market and allowing themto 838
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be the main actors in this transition, for which independent aggregators will be their representa- 839
tives. 840

With this, and after an analysis of the models of independent aggregators proposed by the 841
experts, the methodology to be followed has been defined in order to achieve the objective of 842
increasing decarbonized energy and making it more affordable for all those who consume it, 843
whether in their homes, businesses, industries or institutions. In addition, the operational com- 844
plexities that may arise during the implementation of this new electricity system of active con- 845
sumers have been detected and are necessary to conclude in the proposal of a solution. 846

As a result, a model has been chosen which, with its pros and cons, has been positioned as 847
the optimal one to maximize the efficiency of the electricity system and generate the greatest 848
common good for all agents in the medium and long term. This model, without compensationand 849
uncorrected, results in one that is easy to implement, that drives innovation in the sector, and 850
that positions the prosumer as a key cog in the operation of this quasiperfect machine that will 851
be the decarbonized and smart electricity system of 2050. 852

While there is no definition of a possible regulatory framework that is beneficial to all stake- 853
holders, it is necessary to start early to learn from mistakes and iterate the standard so thatitcan 854
be improved over time. In short, this great challenge requires legislation that is alive and can be 855
adapted in a cycle of continuous improvement to increase the value generated for the electricity 856
system and all its stakeholders, especially for prosumers who strive to embrace renewable ener- 857

gies and the challenges of adapting demand to the generation that this entails. 858
859
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Appendix A - DEFINITIONS OF INTEREST 863
It is considered appropriate to include a small number of definitions: 864

e  Demand Side Flexibility (DSF): is the ability to modify the production or consumption of dif- 865
ferent distributed energy resources in response to different signals: the price of electricity 866
determined by the market; an established schedule; commitments made such as participa- 867
tion in a capacity auction; or decisions made by a third party performing aggregation func- 868
tions in order to manage efficient energy consumption [29]. 869

In short, it could be said that DSF is the ability of the electricity consumer (or his representa- 870
tive) to change (raise, lower, bring forward or postpone) his net consumption. 871

Depending on the form of this economic benefit, either through the reduction of the eco- 872
nomic expenditure associated with direct energy consumption, or by obtaining income from 873
the direct sale of its flexibility, it is divided into these two types: 874
o Implicit Flexibility: the consumer responds voluntarily to price variations, either 875
because of his hourly tariff in the free market, or because his tariff is linked to 876

the regulated one. 877
o Explicit Flexibility: The consumer, usually through an aggregator (either inde- 878
pendent, or the marketer itself), offers its flexibility in the market; 879

e  Aggregation: According to EU Directive 2019/944, "aggregation" is defined as a function per- 880
formed by a natural or legal person that combines multiple customer consumptions or gen- 881

erated electricity for sale, purchase or auction on any electricity market [26]; 882

e  Aggregator: The company in charge of carrying out the aggregation. This company may be 883
the marketer itself, or it may be independent of the marketer; 884

. Independent Aggregator: Market participant that provides aggregation services and is not 885
related to the customer's supplier [26]. 886

887

Appendix B - 888

The Sustainable Development Goals (SDGs) stand as a global roadmap, an urgent call to 889
transform the world and the way people relate to each other in it. Thus, on 25 September 2015, 890
the world's top leaders pledged to strive for 17 global goals to eradicate poverty, protect the 891
planet and ensure prosperity for all as part of a new sustainable development agenda [30] [31]. 892

Among these Goals, SDG. 7 Affordable and Clean Energy or SDG. 13 Climate Action occupy 893
more central positions of focus in more developed societies, which are closer to meeting other 894



Regulatory Analysis and Independent Aggregators Models in the Peninsular Electricity System 2023 20 of 23

Goals even more essential to human life, such as SDG 2 Zero Hunger or SDG 16 Peace, Justice, and 895
Strong Institutions. However, in the knowledge that these Goals are global, the scope of this pro- 896
ject has not been able to address the latter, as they are beyond the student's reach at the present 897
time. 898

However, this project does try to shed a little light on the definition of a decarbonized elec- 899
tricity system, which favors SDG 11. Sustainable Cities and Communities or SDG 9. Industry, Inno- 900
vation, and Infrastructure. In addition, demand flexibility opens a window of opportunity for col- 901
laboration with the most disadvantaged sectors of national society suffering from Fuel Poverty. 902

This is defined in the National Strategy Against Fuel Poverty 2019 - 2024 as the situation in 903
which a household finds itself in which its basic energy supply needs cannot be met, because of an 904
insufficient level of income and which, where appropriate, may be aggravated by having an energy 905
inefficient dwelling [31]. Thus, this Strategy fulfils the mandate established in Article 1 of Royal 906
Decree-Law 15/2018, of 5 October, on urgent measures for energy transition and consumer pro- 907
tection [18]. 908

However, there’s a long way to go, because while this document shared the figure that 8.0% 909
of the population could not keep their homes at an adequate temperature in 2017, and the target 910
for 2025 was to reduce this indicator to 4.0-6.0%, as can be seen in Table 7, the figure that can be 911

extracted in Eurostat for 2022 is 17.1%, as can be seen in Table 8. 912
Table 7. Energy Poverty Reduction Targets in the Framework of the National Energy Poverty Strategy 913
(2019-2024) 914

INDICADOR (%) OBJETIVO | OBJETIVO
MiNIMO
PARA 2025 | PARA 2025

GASTO DESPROPORCIONADO (2M) 17,3 12,9 8,6
POBREZA ENERGETICA ESCONDIDA (HEP) 11,5 8,6 Spl

TEMPERATURA INADECUADA DE LA 8,0 6 4,0
VIVIENDA
RETRASO EN EL PAGO DE LAS FACTURAS 74 5,5 3,7
915

1[31] 916
Table 8. Inability to Keep Home Adequately Warm - EU-SILC Survey 917
It X TIME 2019% 20208 20218 2022\,
GEO$

Bulgaria 38.1 27.5 23.7 22.5

Cyprus 21.0 20.9 19.4 19.2

Greece 17.9 17. 17.5 18.7

Lithuania 26.7 23.1 22.5 17.5

Portugal 18.9 17.5 16.4 (b 17.5

Spain 7.5 18.9 14.2 17.1

Romania 9.3 19.9 18.1 15.2

France 6.2 6.7 (b 6.9 18.9 (p

European Union - 27 countries (from 2020) 6.9 (o) 7.5 6.9 9.3 918
1[32] 919

On this issue, it is pertinent to stress the importance of addressing fuel poverty in an inte- 920
grated way [33], so that the problem is tackled from the point of view of policies and not only 921
politics. 922

By linking the value that explicit demand flexibility triggers can bring in their fight against 923
fuel poverty, especially on the air conditioning front in Spanish households, a direct relationship 924
can be created between explicit demand-boosting trigger events and the electric radiators of the 925
most vulnerable households. Of course, many other opportunities could arise from optimizingthe 926
implicit flexibility of these consumers, as well as their participation in explicit demand-side trigger 927



Regulatory Analysis and Independent Aggregators Models in the Peninsular Electricity System 2023 21 of 23

events to generate an additional source of income to reduce the total cost of electricity bills at 928
the end of the month. 929

From the good energy behavior that these people can adopt, many other policies can be 930
linked to reinforce the efforts made by these families, but, unfortunately for the learner, it is be- 931
yond the scope of this project to go into this matter. It will be the responsibility of people working 932
in sectors related to this energy issue to ensure that the companies in which they work on a day- 933
to-day basis direct part of their efforts to developing solutions in this field, whether on ethical or 934
utilitarian grounds. 935

To go beyond the national level and relate the subject to other countries much less devel- 936
oped than Spain, it has been demonstrated in the student's field of work (at least in his opinion) 937
that there is an opportunity to export the demand flexibility technologies developed in the pen- 938
insular economy to other electricity systems that are much less technologically advanced. How- 939
ever, it is certainly too early to consider this task firmly, but it is certain that the business models 940
validated here can be implemented (with the necessary adaptations) in regions on other conti- 941

nents. 942

In this sense, the Goal to which the project is most related is SDG 7, but also indirectly to 943
others such as: 944
e  SDG 1. End Poverty 945

Although this social Goal is a long way from being achieved, it will make it possible to fightit 946
reliably, at least as far as Energy Poverty is concerned. 947
e  SDG 8. Decent Work and Economic Growth 948

The energy transition will bring with it the creation of specialized jobs, the training of which 949
will have to be supported so that all people can have access to these jobs after a quality education. 950
However, this technological transition brings with it a specialization of work that may have ara- 951
ther negative counterpart if it is not well managed at the level of education, as the labor economy 952
is heading towards a new paradigm in which many jobs may be automated, which will destroy 953
many jobs located in the middle class of the most developed societies. Fortunately, it will also 954
create many others, but access to them will generally require a high level of education, as is cur- 955
rently the case, which cannot be afforded in all households. In this sense, great efforts will have 956
to be made from the public and private spheres to make a just transition that favors the fulfilment 957
of this economic Goal. 958
. SDG 9. Industry, Innovation, and Infrastructure 959

Demand-side flexibility will create a new and innovative industry in the technology and en- 960
ergy sector that will strengthen the resilience of electricity systems. Once the IA is successfully 961
implemented, it will bring great value to consumers, both domestic and industrial, reinforcing the 962
fulfilment of this economic Goal. 963
e  SDG 11. Sustainable Cities and Communities 964

Anincrease in the electrification of cities, derived from the advantages of a flexible electricity 965
system, allows for a higher quality of life in cities by facilitating the removal of combustion vehicles 966
from the roads. Furthermore, the figure of the IA will favor much greater integration of DERs in 967
distribution networks, favoring sustainable communities and helping in the fulfilment of this social 968
Goal. 969
e  SDG 13. Climate Action 970

The full integration of renewables into electricity systems is a challenge that must be metif 971
society is to make further progress in the decarbonization of energy, which is key to reducing 972
greenhouse gas emissions. Therefore, in a direct way, the figure of the IAs will favor the achieve- 973
ment of this crucial Goal for the conservation of the biosphere. 974
e  SDG 17. Partnerships to Achieve the Goals 975

As has been seen in this project, the different EU countries are collaborating with each other 976
to make a much stronger joint electricity system. This collaboration is both public and private and 977
is an example of how different institutions need to work together to achieve much larger goals 978
that, in isolation, could not be achieved [34]. 979

In this economic challenge of energy transition, which will be accompanied by technological 980
transition, it will be essential to redefine current business models, for which entrepreneurship 981
and social innovation will have a meeting point to address energy poverty to accelerate and en- 982
sure a just energy transition [35]. This project will encourage all economic actors in society (the 983
state, businesses, and consumers) to join freely to assume the responsibility of all people to pre- 984
serve the biosphere and improve society by driving the economy towards a more prosperous and 985
fairer one. 986
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