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Local Aggregator Enhanced Possibilities Coupling 
Energy Savings and Demand Response Activations

L. Luttenberger Marić, D. Borić, H. Keko, J. Aranda, M. Kirinčić

Summary — This paper explores the role of energy communities 
and local flexibility aggregators in decentralized and decarbonized 
energy systems. Challenges in the technical and regulatory frame-
works of aggregators, with an emphasis on data collection issues, are 
identified. This work focuses on the essential considerations of cou-
pling long-term energy savings and short-term flexibility activations 
within a unified program. The paper highlights potential conflicts in 
optimization goals and emphasizes the necessity for a clear and user-
friendly communication between aggregators or energy communi-
ties and consumers in order to maintain consumer engagement. The 
importance of accessible applications for consumer engagement is 
stressed, with a prioritization of semantic data integration over in-
creased sampling frequency. Sustainable business models are argued 
for, centred on consistent monitoring of energy savings. Not all con-
sumers are comfortable with in-depth data analysis. The paper sug-
gests the adoption of user-friendly applications for straightforward 
program monitoring. Emphasis is placed on meaningful data inter-
pretation through semantic integration, rather than a mere increase 
in data sampling frequency. The argument supports sustainable busi-
ness models that prioritize consistent monitoring of energy savings 
and flexibility over reliance on large datasets with limited analytical 
value. In conclusion, the paper contributes insights into user-centric 
approaches for sustainable energy communities, emphasizing the in-
tegration of long-term energy savings and short-term flexibility with-
in a coherent program.

Keywords — aggregator, demand side flexibility, energy savings, 
monitoring and verification, data collection

I. Introduction

The energy system is undergoing continuous changes in the 
paradigms of energy trading from various heterogeneous 
sources. At the same time, distributed energy sources (DER) 

provide diverse aggregation opportunities for the newly emerg-
ing energy communities and local flexibility aggregators [1]. By 
aggregating the granular contributions of individual sources, flex-
ibility aggregators appear as innovative and respectable at system 

scale flexibility sources at the local level [2]. The amalgamation of 
various DER, properly selected, categorized, aggregated, and opti-
mized, is opening the path for local flexibility aggregators and en-
ergy communities to explore new revenue opportunities on the en-
ergy market. Additionally, flexibility aggregators overcome socio-
logical and technological obstacles and activate final consumers in 
the demand response flexibility programs, where consumers adjust 
their energy usage based on power grid conditions or price signals.

The limiting factors to unleash their market potential are nu-
merous: challenging  assessment of the actual flexibility potential 
in households due to scarcity or absence of historical data with 
the desired granularity, overall lack of information of the installed 
loads in households [3], the inconsistency between quality and 
quantity of collected data, low level of interoperability between the 
installed equipment [4], response of consumers to external stimuli, 
varying socio-economic conditions of consumers [5] and invest-
ment possibilities in home equipment, availability of the energy 
infrastructure (i.e. district heating networks), different building 
energy performances [6] and climatological conditions, etc. The 
creation of a sustainable business model for a local flexibility ag-
gregator is a demanding task, especially while considering invest-
ment costs which are essential to provide an adequate information 
and communication framework for data collection, processing, 
and direct load control for home equipment. In addition, flexibil-
ity aggregator should establish a fair compensation for the activa-
tion of flexibility of their users (consumers), therefore creating a 
programme which is adapted to the needs of users, based on their 
specific characteristics, needs and requirements [7].

The fragmented and very often diverse household market rep-
resents both a challenge and an opportunity for the introduction 
of new business models [8]. The synergetic approach that com-
bines long-term energy savings achieved through energy efficiency 
measures and short-term energy savings achieved through flexibil-
ity activations opens an opportunity for flexibility aggregators to 
participate in both energy and energy savings markets. In the paper, 
the principal challenges of participating in both of these markets 
are assembled and the most indicative approach given the current 
technical and regulatory situation is discussed. 

II. Approach
The paper analyses the requirements for establishing a busi-

ness model which blends the opportunities for obtaining energy 
savings on one side and to activate the available demand flexibi-
lity and make it available to network operators on the other. The 
two services are independent and complementary, enabling buil-
ding residents to enjoy energy savings derived from behavioural 
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change recommendations based on advanced data analytics, and 
direct remuneration from demand side flexibility aggregated by 
demand response aggregators and traded in open markets operated 
by network operators for grid management and balancing. Both 
services can be delivered simultaneously using the same real-ti-
me building data and are not contradictory. Savings come from 
direct choices made by resident users as a result of behavioural re-
commendations while aggregated demand flexibility is requested 
and remunerated by network operators benefiting from short-term 
flexibility for congestion management and grid balancing. De-
mand response can be triggered via short term activations delive-
red by households’ consumers, paying specific attention to robust 
approach in terms of low availability of the data. The introduction 
of energy efficiency measured in households and the implementa-
tion of demand response flexibility programmes are occurrences 
that could be monitored synergistically for the purpose of achie-
ving common goals in the energy transition. The values of both 
energy efficiency and demand response directly depend on daily, 
seasonal, and annual factors which are influencing energy con-
sumption patterns.

A.	The	Aspects	for	Establishing	a	Business	
Model	of	A	Local	Flexibility	Aggregator	for	
Residential	Consumers

The results of the in-depth analysis for establishing a business 
model of a local flexibility aggregator for households’ consumers 
are summarized in table 1 and divided in different phases (Phase 
0 – Feasibility analysis; Phase 1 – Implementation; Phase 2 – Eva-
luation and continuous monitoring). 

Aspects Phase 0 (Feasibility 
analysis)

Phase 1 
(Implementation)

Phase 2 (Evalua-
tion and continu-
ous monitoring)

Regulatory 
framework

Existing regulatory 
framework enabling the 
activation of final consumers 
by flexibility aggregators and 
market access

Continuous Continuous

Input data and 
processing

Data collection and applica-
tion of proper estimation 
methods for initial program 
feasibility assessment

Load profile 
data and key 
parameters 
measurements 
collection

Application of 
load baseline 
estimation 
methods

Continuous 
evaluation and 
calibration

Information, 
communication, 
and technologi-
cal framework

Assessment of existing ICT 
framework and preliminary 
cost analysis for the instal-
lation of new hardware, 
software and its mutual 
deployment and calibration

Feasibility analysis for 
setting up a functional 
standardizes and interoper-
able framework for data 
collection and assets control

Establishment 
and imple-
mentation of 
a functional 
ICT framework 
enabling direct 
load control, with 
specific accent 
on scaling and 
per-user costs

Correct semantic 
dana interpreta-
tion enabling 
continuous pro-
gram evaluation 
and monitoring

Socio-economic Identification of the main 
motivational drivers for the 
consumers involvement 
and establishing adequate 
strategies  

Application of 
tailor-made 
strategies for the 
program users

Continuous cus-
tomers support

Long-term benefit 
identification for 
final consumers

Business and 
financial

Finding optimal trading mo-
dalities for the aggregated 
flexibility on the energy 
market markets

Settlement 
program for the 
final consumers, 
trading and

Continuous re-
programming of 
the flexibility set-
tlement methods

The regulatory framework for establishing relationships 
among different stakeholders must be taken into consideration in 
the feasibility assessment, implementation, and evaluation phases. 
Additionally, clear roles and responsibilities among different sta-
keholders (aggregator, consumers, and flexibility user i.e., DSO) 
should be regulated and monitored.

In Phase 0, available flexibility should be assessed based on 
existing input data, and estimation methods should be developed 
to evaluate the practicability of a demand response flexibility 
program on the scrutinized portfolio. The development of proper 
extrapolation methods is particularly important in cases where the-
re is a consistent gap between data quality and quantity.

In Phase 1, the aggregator should collect energy consumption 
data as well as data linked to parameters affecting consumption in 
the desired granularity. Usually, such key parameters affect both 
users’ comfort and energy savings, which is something to consider 
in monitoring and verification processes for both flexibility calcu-
lations and energy savings assessments.

In Phase 2 – the evaluation and continuous monitoring pha-
se, the collection of verified load profiles (usually provided by 
the DSO) and demand response activation data is imperative. The 
existence of a technological and communication infrastructure for 
data collection and storage, as well as the establishment of a stan-
dardized architecture for demand response activation, is manda-
tory in the implementation phase (Phase 1). The ability to monitor 
information through its semantic interpretation is one of the key 
features to enable continuous evaluation of flexibility programs 
(Phase 2).

The correct identification of motivational aspects for triggering 
customers’ interest to participate in demand response flexibility 
programs should be performed in Phase 0, and appropriate strate-
gies to raise customer awareness should be set up and applied in 
Phase 1. Moreover, in the implementation phase, such programs 
require the setting of adequate technical and customer support. 
Consumers must recognize the long-term benefits of participating 
in flexibility programs (Phase 2). Finally, for the creation of a fi-
nancially sustainable business model implementable in the long 
term, program settlement goals need to be continuously updated 
and verified (Phases 0 to 2).

While this paper does not explicitly focus on the socio-econo-
mic aspects of such programs, it identifies key considerations for 
their implementation. These include factors such as income levels, 
cost sensitivity, technological access and literacy, housing conditi-
ons, work flexibility, education levels, cultural considerations, and 
perceived value. The study reveals that, even when analysing a use 
case with consumers having similar income levels, there can be 
significant variations in the perceived value among individuals.

B.	Load	Baselining	Approach	for	Assessing	the	
Engaged	Flexibility

In the electricity market environment, transactions are hap-
pening continuously between various participants. Consumers 
can participate in those transactions by offering their flexibility 
via intermediaries, in exchange of financial compensations [8]. 
To include a meaningful number of consumers on the electric-
ity market, incentive fees need to be attractive to the consumers 
and profitable to aggregators. Ultimately, this should result in 
stable market confidence. Fairness in setting the price is desta-
bilised by the fact that the reduction in consumption cannot be 
exactly calculated but only estimated. Various load baselining 
methods simulate the estimated »no event« load, i.e., in absence 
of a demand response (DR) event [9]. Estimates are primarily ba-
sed on historical consumption data thus it is necessary to determine 
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the grid user’s consumption curve. Ideally, at least one year moni-
toring of energy consumption data should be considered before en-
tering the electricity market [10]. With their specific consumption 
curve, grid users are classified into categories that are valued diffe-
rently. The different categories primarily imply their commercial 
or non-commercial purpose (whether they are in the private or pu-
blic sector) and how much flexibility they can offer on the market. 
The volume of energy necessary to enrol on the market is usually 
set by the difference between consumer’s historic peak load and a 
demand level that he commits not to exceed during an event. Based 
on customer’s load data it is recommended to determine the we-
ather sensitivity of loads, seasonality (not related to weather condi-
tions) and variability (not related to season or weather conditions) 
due to different types of methods used in these cases.

Once registered on the market, historical performance can be 
used to estimate when forecasting the amount of demand response 
[10]. Based on the theoretical load, the aggregator can calculate the 
reduction, i.e. difference between the theoretical baseline load and 
the observed load. This difference is used for assessing payments 
and penalties for customers. To avoid manipulations by aggrega-
tors, load baselining methods should be realistic and transparent to 
all flexibility providers [9]. Likewise, to avoid manipulations by 
users, rules and calculation methods should be well defined.

Unlike analytic methods, estimation methods can rarely give 
exact solution, ergo measurement errors should be included and 
permitted. However, the error in determining the theoretical base-
line increases proportionally in the estimated flexibility engaged as 
load reduction. In some cases, if load baselining method continu-
ously tends to overstate or understate baseline, it will result in over-
stated or understated load reduction estimate. Therefore, incentive 
payments will also be unfairly increased, or reduced.

Load baselining method can be performed in many ways, de-
pending on consumer’s category, consumption curve and aggrega-
tor’s decision. The approach can be summarized in five main steps, 
visually shown in figure 1. 

Baseline window usually includes the last 10 non-holiday 
weekdays, 10 most recent non-event days, current season or even 
the whole previous year. Some of these days are not representa-
tive or not similar to the day of the event and should be excluded. 
Exclusion rules usually exclude days with DR events, extreme 
weather, or days with the lowest or highest loads. Once the data 
for creating baseline is selected, calculation type of method needs 
to be specified. Four most used calculation types evaluated on the 
selected dataset are: average value for each hour of the day, regres-
sion, taking the maximum value of the load and rolling average. 
Created baseline can be further adjusted for conditions of a day-of-
event. Most common are additive adjustments which can closely 
match calculated baseline with measured load. Scalar adjustments 
are also used but can give more volatile result. To avoid single 
manipulations, it is recommended that adjustment window relies 
on a few hours before the time of notification. Other approach is 
to use weather characteristics for tuning parameters of adjustment 
method.

Fig. 1.  Five steps for load baselining

C.	Monitoring	energy	efficiency	measures	in	a	
dynamic	environment

Monitoring and verification procedures (M&V) are widely 
used to evaluate the effect of certain energy efficiency measures 
[11] and the achievement of national energy efficiency goals. The 
continuous energy transition trends are leading to a progressive 
digitalization of the energy sector. The integration of automation 
and management systems in buildings will also provide the means 
to ESCO companies for better data collection and analysis oppor-
tunities of their customer’s portfolio [12].

Through an energy performance contracts (EPCs), which is 
based on achieving client’s or consumer’s energy savings, an en-
ergy service company (ESCO) implements a project to improve 
energy efficiency or integrate renewable energy sources, by using 
financial savings obtained from energy savings (as income) to cov-
er investment costs [12]. The ESCOs are responsible for financing 
and implementing energy efficiency measures and guarantee ener-
gy savings. The energy system digitalization and the integration of 
automation and management systems in buildings should provide 
the means for better data collection and analysis opportunities of 
their customer’s portfolio.

Monitoring and verification of energy savings and activated 
flexibility different in approached primarily in terms of data granu-
larity.  For any type of user, it is necessary to develop a dedicated 
load consumption estimate that is directly adapted to user’s charac-
teristics, location, typical consumption patterns, etc. Moreover, it is 
necessary to correctly determine and arrange the main parameters 
that affect consumption and establish their mutual relations. Figure 
2 presents the relation between the typical consumption (with a 
15-minute resolution) of two buildings located in the same locati-
on and the outdoor temperature. As shown in figure 2 there is no 
direct correlation between the total consumption of an individual 
building and the outside temperature, which would mean that re-
gression analysis is not possible.

High data granularity is crucial in the load estimate methods 
(described in chapter A) necessary for assessing the amount of en-
gaged flexibility, while such approach led to wrong conclusions in 
determining energy savings. 

If a business model considers combined effort opportunities 
between flexibility and energy savings in a real-time environment, 
the pay for performance (P4P) models should be considered. Such 
schemes imply the existence of smart (interval) meters, which reg-
ister the energy consumption which is therefore normalized and  
associated with weather conditions [13]. Additionally, with such 
scheme the uncertainties that a specific measure will lead to sav-
ings are minimized, while methods applied for monitoring and 
verification of energy savings should grant continuous calibration 
of the calculated savings, therefore minimize errors in assessments.

The monitoring and verification methodology applicable for 
residential consumers should be based on algorithms that are incor-
porating both long-term and short-term load reductions that take 
into account weather and building parameters, seasonal conditio-

Fig. 2. Outside temperature vs. energy consumption of two different 
buildings
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nal and usual user consumption profiles. 

The baseline estimation methods applicable in a P4P scheme 
could apply regression methods in an environment which is con-
tinuously collecting the data. Algorithms should be continuously 
trained, and load should be estimated, specifically excluding erro-
neous data and rules should be applied to complete data gaps. 

D.	Data	semantics	and	parameters	to	be	
continously	monitored

In the context of data collection, there are several principal as-
pects to be considered. The “more data is better” principle does 
not universally apply – it is highly context dependent. The same is 
valid considering the higher frequency of data sampling. As shown 
above, the lack of historical higher frequency data is not necessar-
ily the primary obstacle for the proliferation of energy savings and 
flexibility schemes. Higher granularity (higher sampling frequen-
cy) of collected data does increase the baseline estimation and veri-
fication precision, but it does so until a certain point of saturation.  

This is highly dependent on the context: for instance, implicit 
short-term flexibility schemes typically need lesser sampling fre-
quency for baselining and verification than the explicit ones. This 
is entirely expected as implicit ones require behavioural changes 
and user engagement. However, prematurely restricting the data 
collection infrastructure could effectively reduce the potential of 
both energy savings and demand response. Although higher data 
volume does not always imply higher information content, it is not 
a good idea to prematurely assume the optimal sampling frequen-
cy: too low sampling frequency could leave the end users out of 
potentially attractive flexibility aggregation schemes. Also, lower 
frequency data can always be derived from higher sampled ones 
via resampling.

Moreover, it is not enough to simply gather the data – the 
collected data must be interpreted correctly and semantically en-
riched. Though in different households there may be sources of 
semantically similar data, with no semantic interoperability or 
with data tied into manufacturer’s impenetrable walled gardens, 
these data are effectively unusable. There have been recent efforts 
in order to standardize the semantic interoperability across the de-
mand response value chain  [14] to remove this problem.  The pro-
posed semantic interoperability schemes depart from the existing 
and established standards (such as SAREF, OpenADR and IEC 
61850). In a recent work by the BRIDGE Data Management Work-
ing Group [15], a reference architecture for energy data exchange 
has been proposed, with a layered approach to interoperability. For 
full semantic interoperability and the data value chain to work, se-
mantic interoperability must function on all technical and semantic 
layers. For the purposes of monitoring and verifying the effect of a 
flexibility programme providing energy savings, additional seman-
tic information tied to the data collected from devices and sensors 
is critical. With no semantic information tied to the data, ex-post 
analysis of the programme’s impact may even be misleading.

As increasing the data collection frequency might require si-
gnificant increases in the cost of data management (e.g. cellular 
network provider fees in place of using power line carrier commu-
nication easily saturated with higher meter readout frequency), 
when considering the optimal level of data collection, careful 
analysis should be performed. As indicated here, consistent, and 
unambiguous interpretation of data is essential and significantly 
more important than simple increases in data collection frequency. 

Moreover, for aggregators installing their own measuring de-
vices for participants could indeed offer several benefits for the 
aggregator such as: 

• Data Accuracy and Control: Aggregators can enhance the 
accuracy and reliability of the data collected by installing 
their own measuring devices. This ensures a more pre-
cise understanding of participants’ energy consumption 
patterns, allowing for better-informed decision-making.

• Granularity and Detailed Insights: Aggregator-installed 
devices can provide more granular and detailed insights 
into participants’ energy usage. This granularity is valua-
ble for optimizing demand response strategies, identifying 
specific areas for improvement, and tailoring programs to 
individual needs.

• Independence from DSO Schedules: Aggregators, by 
having their own measuring devices, can access real-ti-
me data and respond promptly to changes in participants’ 
energy consumption, maximizing the effectiveness of de-
mand response initiatives.

• Enhanced Program Flexibility: Aggregator-controlled 
measurements offer greater flexibility in designing and 
adjusting demand response programs. The ability to cap-
ture and analyse data independently allows for quicker 
adaptation to changing circumstances and ensures a more 
responsive and agile program.

• Value-Added Services: Aggregators may leverage their 
own measuring devices to offer additional value-added 
services, such as energy efficiency recommendations, 
tailored insights, or even smart home integration. These 
services can enhance the overall value proposition for 
participants.

A careful evaluation of the approach is crucial, though: en-
suring the accuracy and calibration of the measuring devices, 
addressing privacy concerns, and coordinating with regulatory 
requirements are all required. Additionally, open communication 
with participants about the purpose and benefits of installing such 
devices can foster trust and transparency. The Implementing Regu-
lation 2023/1162 [16] is especially an implementing act obliging the 
metering service operators to provide transparent and accessible 
user access to near real-time metering data. The users are also sup-
posed to be able to delegate the access to their data to third par-
ties authorized by them. This Regulation applies to metering and 
consumption data, in the form of validated historical metering and 
consumption data and non-validated near-real time metering and 
consumption data. As in most EU countries the DSOs are tasked 
with metering, this regulation effectively obliges the DSO to open 
the access to the data discussed in this paper. While there may be 
notable benefits to aggregators installing their own measuring de-
vices, a strategic and well-thought-out approach is crucial to maxi-
mize these advantages and ensure a positive impact on the overall 
effectiveness of demand response programs, especially in light of 
European policy on the data access to near real time data, acquired 
by the metering service operators from the official, calibrated and 
time-synchronized metering devices. 

III. Discussion and Conclusions
This article represents a pivotal exploration of a conceptual fra-

mework designed to address a significant issue. While the current 
narrative may give the impression of being centred around existing 
literature, it functions as the foundational basis for an innovative 
proof of concept. Moreover, it is imperative to highlight the ongo-
ing efforts within the frESCO project, where similar topics have 
been rigorously examined. The integration of savings with demand 
response activations in the framework of the frESCO project has 
provided valuable insights and practical experiences, establishing 
a real-world context for the proposed method.
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The first barrier to overcome in an explicit flexibility pro-
gramme deployed in residential buildings is the natural rejection 
of building occupants to grant control of their HVAC equipment to 
third party companies, thus losing the decision power about their 
own comfort choices. A human-centric system should be able to 
forecast users’ comfort preferences and assess whether an automa-
ted activation may have an effect on the preservation of the users’ 
thermal comfort, either because of a large power shift or a long 
event duration. In case the comfort boundary conditions are esti-
mated not to be met, the automatic event should not be triggered, 
and the smart contract rejected prior to the event scheduling.  As 
it stems out of the real tests carried out in the frESCO project de-
monstration buildings, it is important to avoid user dissatisfaction, 
or the penalties associated with a failure to deliver the committed 
flexibility agreed in a market participation smart contract. This is 
particularly relevant given the fact that short revenues per event 
are expected considering the low volume of flexibility potential in 
households. 

On the other hand, coupling long-term energy savings and 
short-term flexibility activations in a same program could lead to 
conflicted optimization goals. The lack of clarity may result in con-
sumers disorientation and less motivation to enter in such program. 
This is particularly important within monitoring and verification 
procedures utilized in transparent ex-post analysis of the program 
effects. For a user-engaged program to be successful, clarity of its 
goals as well as consistent and non-ambiguous data interpretation 
are essential. 

It is also not reasonable that an average customer will delve 
in deep data analysis. Consumers entering the program should 
be equipped with adequate applications, enabling pragmatic mo-
nitoring of current conditions, achieved savings, and activated 
flexibility. In other words - success of user engagement pay-for-
performance program hinges on the palatable presentation of the 
program benefits. This is valid both in the user engagement and in 
the operational phase. 

For a sustainable business model to be built upon such pro-
grams, consistent monitoring of energy savings and activated flexi-
bility is an absolute priority. This is, however, not reachable just by 
increasing the metering data sampling frequency. Semantic data 
integration that ensures correct data interpretation across the data 
value chain is of higher priority than the volume of data. A large-
scale dataset that can’t be assigned or interpreted has a very low 
analytic value. Even though higher data granularity certainly incre-
ases analysis capabilities, a quite significant part of energy savings 
benefits can be based upon a quite limited dataset, e.g., monthly or 
even yearly energy consumption. 

Finally, if the short-term flexibility and longer-term energy 
savings must be opposed, then the implementation of energy sa-
vings measures should be prioritized. This means building enve-
lope refurbishment, purchase of energy efficient equipment. Even 
in medium term horizon, this avoids placing specific focus on the 
revenue obtained from the market-offered flexibility obtained from 
short-term activations of engaged loads. In other words, short-term 
market signals could easily conflict with the total energy savings 
goals and with generally lower data granularity more significant 
total effects can be achieved in longer term energy savings domain 
than in short-term flexibility provisioning. 
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