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Rating and Remunerating the Load Shifting by
Consumers Participating in Demand
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Abstract—Effective and active consumers providing flexibility
through Demand Response (DR) programs have three important
aspects: rating each consumer according to previous participation,
remuneration of that participation, and determining the rebound
effect of consumption after the event. In this article, the authors
design a rate to classify and select the proper participants for a
DR event considering the context in which the event is triggered.
The aggregator estimated the shifting of consumption to periods
after the event is modeled, and the respective remuneration is
estimated under different scenarios. This shifting can be done in
several time frames in the future. The scenarios are developed to
test the acceptable time range in which the load should be allocated
according to the rebound effect. The results show that a higher time
range can avoid huge peak consumption, optimizing the system
operation with benefits for consumers, DSO, and the aggregator.

Index Terms—Demand response, load shifting, rebound effect,
remuneration, trustworthiness.

I. INTRODUCTION

THE present paper follows the work done in [1]. Consumers’
role in the power and energy market is empowered with

the introduction of the Smart Grids concept [2]. Resorting to
bidirectional communication, Aggregators may send signals
to the consumers to adapt their load consumption, assisting
and contributing to achieving the network balance [3]. Yet the
uncertain human behavior and the voluntary option regarding
DR events increase the management complexity [4].

Predicting, encouraging, and properly selecting the partici-
pants according to the event’s context is triggered still needs
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to be solved in the energy sector [5]. Although the future
promises smarter tools, smart buildings, sustainable transport
systems, smart appliances, and smart metering, it will take
time, education, and good use of the resources for consumers
to make profitable market transactions [6]. Nevertheless, the
implementation of DR programs has been mainly applied to
consumers with higher levels of predictability, such as industrial
consumers [7]. However, these consumers are interested in their
profits, unlike small players, such as the residential type, that
focus on their comfort [8]. It will then be easier to maintain their
continuous participation if proper compensation is applied to
reward for the discomfort caused [9]. Still, there is a problem
that should be discussed when requesting flexibility from small
consumers.

A traditional DR approach, such as load shifting, may incur
challenges for the community manager thanks to the expected
rebound effect [10]. Considering participation in the event peri-
ods, the consumers will still need to activate this load, and the
shifting to another time frame may amplify the problem intended
to be solved with this approach – mitigate the peak loads’ effect
on the system.

The main motivation and contribution of the authors for this
study is to understand how the period range for load shifting
affects the community management results. In this way, the au-
thors want to give more interval options in the current paper and
understand the economic effect from the aggregator perspective.

Four different scenarios will be compared to evaluate the
proper option, namely between three hours after the DR event,
fifteen, twenty-four, and forty-eight, and twenty-four and forty-
eight after the event.

The paper is organized into six sections. First, an introduction
to the topic. After, related work and contributions are in Sec-
tion II, followed by an explanation of the proposed methodology
in Section III. The case study is defined in Section IV. The
authors will analyze and discuss the results in Section V. Finally,
the conclusions from the study and future works will be exposed
in the last section.

II. RELATED WORK AND CONTRIBUTIONS

The work presented by Hanne Saele and Idar Petersen [11]
mentions a critical aspect regarding the use of emerging electric
vehicles in the Norway distribution grid. These authors highlight
the consequences of introducing new load peaks by applying DR
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to these new resources. Several authors have already tried to find
strategies to avoid this effect in the literature. Zhenyuan Zhang et
al. [12] considered the rebound effect on their work for the load
profile reshaping process to avoid additional costs, resorting to
a recurring cost minimization algorithm. It was considered that
this effect occurred uniformly in the period after DR but never
after 11 p.m. With this, the proper business model to consider
the power and energy sector’s DR should contemplate all these
complex and uncertain problems [13].

Considering related works and comparing with the present
study, the authors from [14] defined a model to assist the
distribution system planer, considering both uncertainties from
photovoltaic-based generation as well as from demand response.
There was a previous assumption that a predefined mutual
agreement was done between the DSO and the end-users to make
available a percentage of manageable demand for the community
manager to comply with technical constraints under normal and
emergency conditions.

Clear communication and an effective remuneration system
can be a step forward to successfully implementing DR in the
real market. In the study from [15], the authors introduced
the possibility of using blockchain technology for resource
aggregation – both load and generation. Customer Baseline
Load (CBL) was widely referred to and defined as a typical
consumer’s consumption profile [16]. With this, the commu-
nity manager will be able to evaluate if changes occur in
response to a DR program. The case study from [15] con-
sidered only an hourly perspective for a consumer where the
availability profile was composed of difficulty and compliance.
In the present study, the DR participant’s performance, eval-
uated with a rate, also considers the environment in which
the DR event is triggered, adding the contextual approach –
event period and weather. Different types of consumers have
different price sensitivity and strategies for participating in
DR events, as the authors from [17] remember by implement-
ing an incentive-compatible bidding mechanism for the DR
integration.

The proposed solution intends to complement the literature
works by aggregating all these different problems: selecting the
active consumer considering the DR event context, remunerating
with a fair tariff, and providing a solution to deal with the
rebound effect for all the time frames. In this way, the following
features listed are considered as the innovative aspects of the
proposed methodology when considering the previous works
[18], [19] and the related literature:
� Deal with the rebound effect when using DR programs,

such as load shifting.
� Sensitivity test regarding the period range where the load

should be shifted.
� Select the proper participants for a DR event considering

a Trustworthy Rate (TR), dividing the consumers into
different levels [17].

� TR provides contextual information to the community
manager to increase its performance by using the most
trustworthy consumers.

� Use contextual features to predict the participation through
TR, resorting to the period and the weather.

� Remuneration according to three different schedules to
encourage participation.

� Use DR events to achieve DR targets for the active com-
munity.

� Collaboration between community members regarding lo-
cal balance highlights the importance of the active con-
sumer, and the prosumer and the influence of prioritizing
the local generation to suppress the demand.

� Agreement between both community manager and partic-
ipants. Contrary to [14], contextual aspects are referred to
considering the consumers’ availability. The contract might
consider that all the days of the week are the same but can
have high discrepancies.

� Comparison between the expected and the actual consump-
tion to evaluate the performance of each DR participant.
Confronting with [15], [16], in this case, was used to
attribute a rate further and remunerate accordingly.

� Instead of considering the CBL as an average and typical
consumption profile like [15], here, only information from
similar contexts is gathered and averaged to provide data
closer to the actual.

This paper’s main contribution is understanding how the pe-
riod range for load shifting affects the community management
results under four scenarios. In this way, the authors explore
more interval options and understand the economic effect from
the aggregator perspective.

III. PROPOSED DR TRUSTWORTHY RATE METHODOLOGY

To successfully implement the Smart Grids concept in the real
market, and since the small consumers will play a crucial role,
the business models must consider their uncertain behavior and
ways to mitigate the impact on the system. Like the Aggregators,
the entities controlling active communities will need the right
tools for DR events to deal with the new and uninformed players
regarding the market transactions. However, can the aggregator
define an acceptable period range to shift the load from the
local community without causing major discomfort? So, as an
innovation from the previous works, the authors want to evaluate
different time ranges for the load shifting and how the actual
economic impact throughout the week.

The small consumer’s behavior changes according to the
context in which the DR event is triggered, so guaranteeing the
response from the whole community is very difficult.

A. Trustworthy Rate

The authors designed a Trustworthy Rate (TR) to understand
which active consumers, in the event context, are more willing
to participate, according to their performance in previous events.
Two different perspectives are considered: preliminary when
the rate is used to select the participants, and then updated
when the current event must be taken into consideration current
event’s performance must be considered. Fig. 2 represents the
dependencies between the independent and dependent rates –
Preliminary Trustworthy Rate (PTR) and Updated Trustworthy
Rate (UTR).
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Fig. 1. DR trustworthy rate: Independent rates used for formulation.

Fig. 2. The proposed DR trustworthy rate methodology is adapted from [1]
but focuses on the load shifting step.

The main goal of the proposed approach is to create a suit-
able solution to select trustworthy participants by studying the
behavior of the community members, by attributing them a
level of trust, from the Aggregator perspective. With this, the
confidence levels of achieving the reduction goal will increase.
The Aggregator must not consider the active consumers as
rational and economic players since it can lead to inaccuracies.
In the authors’ opinion, understanding their previous behaviors
and ways to motivate their participation will be crucial for the
success of this approach in the real market, avoiding reliability
and security problems in the grid.

In this way, the formulation of TR depends on several in-
dependent rates: Context Rate (CR), Historic Rate (HR), Last
Event Rate (LER), and Response Rate (RR). In this approach,
the lowest rate is assigned when the consumer does not have
any previous information, and their trust must be earned. The
same assumption is applied to all independent rates in the same
condition. With this, PTR, used for selecting the participants, is

formulated according to (1).

PTR = ωHR.HR + ωLER.LER + ωCR.CR (1)

PTR is then formulated by the sum of the product between
the independent rates and the respective weights, namely HR,
LER, and CR. Depending on the purpose, CR depends on the
active consumer’s availability and willingness to participate,
considering the weather recorded (CRW) and the period (CRP)
when the event moment is triggered. (2) shows the formulation
from CR.

CR = ωCRP CRP + ωCRW CRW (2)

The authors consider this a crucial factor. Both features have a
major influence on consumer response. For instance, the authors
believe that distinguishing working days from weekends or
days with extreme temperatures affects each active consumer’s
behavior and response.

In the HR case, the Aggregator must gather historical infor-
mation from the active consumer in previous events at similar
contexts and perform the average. The number of participants
depends on the amount of data available.

HR = average previous performances (3)

After, the HR value can be obtained by performing an average
from previous performances, excluding the last one since this is
already considered in LER, according to (4). Always within the
same context – weekday, period, and temperature.

LER = UTR last event in the same context (4)

Regarding the weights used, the authors already published
a work where a sensitivity study was done to understand the
impact of each independent rate in both PTR and UTR, and the
conclusions withdrawn were used in the present paper [20].

As soon as each response from the DR event is obtained, the
community manager will be able to update the info from each
player and obtain the UTR according to (5).

UTR = ωHR.HR+ ωLER.LER+ ωCR.CR+ ωRR.RR
(5)

The final independent rate, RR, represents the performance
according to the actual response of the consumer in the current
event. In other words, if selected consumer responded as re-
quested, the performance rate attributed is the highest. The op-
posite will also apply, and the active consumer will be punished
reducing the overall UTR. With this, the availability of each
consumer to participate in the DR event is predicted according
to the previous events since the UTR will be the LER for the next
event triggered at the same context. Should be highlighted that
DR participation is voluntary. The created rate only identifies
the most probable response from each consumer considering
previous experiences at the same context - does not guarantee
the actual response.

B. Proposed Methodology Steps

With this, the authors in the present paper compare different
period ranges for the load-shifting approach using the same
methodology proposed in [1], as seen in Fig. 2. Considering
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the scenario where the Distribution System Operator (DSO),
after a power flow analysis, requests a load reduction to all the
Aggregators managing the communities nearby the bus where a
voltage violation was found.

Here, the authors focused on understanding how the period
range for load shifting affects the community management re-
sults. The results from the power flow applied are only used to
identify the periods where the DR program must be triggered.
Nonetheless, the periods where the loads are shifted to are nor-
mally far from having grid constraint issues. Still, after running
the optimization, if the DSO finds that the obtained solution is
not feasible, corrective actions should be considered. A DR event
is then triggered, and to achieve the reduction goal, the proper
participants must be selected and called using the previously
presented method.

In the previous work [1], the authors defined a TR minimum
for the selection. For instance, in a range between 1 and 5, only
the participants above the rate 3 are selected in the first iteration.
Only in the case where the reduction from these consumers is
not enough to suppress the remaining members will be called
to participate. So, after the proper participants are selected, they
can be included in the Scheduling phase.

The implemented optimization is classified as linear, where
the variables are set to optimally manage the community. The
objective function minimizes operational costs from the Aggre-
gator perspective, as seen in (6), subjected to several constraints
later presented in (7) to (13). The aggregator may also aggregate
other resources, such as electric vehicles or energy storage
means, which are not in the scope of the present paper.

The initial consumption (Pinitial) is assumed as input. It can
be obtained using several methods, most commonly using CBL,
which is the consumption expected in the absence of a DR event.
To achieve a network power balance between consumption and
generation, (7) is defined. By adding the requested reduction to
the initial consumer load (Pinitial), the value should be equal to
the total generation.

Min.OF =

P∑
p=1

[
PDG(p,t)CDG(p,t)

]
+

C∑
c=1

[
PDR(c,t)CDR(c,t)

]

+

S∑
s=1

[
PSupplier(s,t)CSupplier(s,t)

]

+ PNSP (t)CNSP (t)

c, t, p, s ∈ Z : c, t, p, s > 0 (6)

C∑
c=1

[
P initial
(c,t) − PDR(c,t)

]

=
G∑

g=1

[
PDG(g,t)

]
+

S∑
s=1

[
PSupplier(s,t)

]

+ PNSP (t) c, t, g, s ∈ Z : c, t, g, s > 0 (7)

Moving to consumer participation constraints in DR events,
(8) represents the maximum contribution from each active con-
sumer according to the DR contract done between the player and

the Aggregator. Both agree on the quantity, but participation is
always voluntary.

PDR(c,t) ≤ PMax
DR (c,t) c, t,∈ Z : c, t > 0 (8)

Equations (9) to (11) aid the Aggregator on controlling the
upper and lower bounds as well as the total value of generation
provided from each different technology.

PDG(g,t) ≤ PMax
DG (g,t) g, t,∈ Z : g, t > 0 (9)

PDG(g,t) > PMin
DG (g,t) g, t,∈ Z : g, t > 0 (10)

G∑
g = 1

[
PDG(g,t)

] ≤ PTotal
DG (g,t) g, t,∈ Z : g, t > 0 (11)

Finally, (12) and (13) represent the external supplier related
constraints. These equations restrict the maximum capacity and
the total amount of generation provided from this source to
suppress the demand side needs.

PSupplier(s,t) ≤ PMax
Supplier (s,t) s, t,∈ Z : s, t > 0 (12)

S∑
s = 1

[
PSupplier(s,t)

] ≤ PTotal
Supplier (s,t) s, t,∈ Z : s, t > 0

(13)

As soon as Scheduling phase is completed, the reduction
request is sent to the active consumers. This approach shifts the
load to another period according to the consumers’ preferences.
A comparison between the reduction request and the actual re-
duction is performed to update the TR resorting to RR. After the
TR revision, the Aggregator compensates the actual participants
and informs the DSO of the load reduction obtained. The authors
also believe that proper remuneration will increase participation
and the trustworthiness level, So higher TR rates receive higher
rewards to keep the motivation and continuous contribution.

The remuneration for each DR participant is assumed to be a
rebate in the monthly bill. Higher participation frequency results
in higher rebates. Another benefit from the consumer perspective
is associated with load shifting since their consumption can be
moved to a period with lower prices.

IV. CASE STUDY

In the present section, a case study is defined to prove the
viability of the proposed methodology. As a comparison between
the two works, as in [1], the dataset was the same and had a total
of 96 consumers; only 62 have DR contracts with the Aggregator.
The initial load (sum of each consumer baseline) and considering
the maximum DR flexibility for the week in the study can be seen
in Fig. 3.

The days are divided into 15 minutes, and a whole week is
considered, starting on Monday. In this way, a day has 96 periods
and a week 652. In this scenario, the DR events are trigged upon
lower voltage bound limit violation detection. During the week
of the study, a total of thirteen lower bound limit violations were
identified, which can be seen in Fig. 4. The four periods studied
in [1] were also used in the present study, but the remaining were
also included.
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Fig. 3. Prediction of the load consumption before the DR event.

Fig. 4. Limit violation detection throughout the week.

TABLE I
DR PROGRAMS DEFINITION

TABLE II
REMUNERATION SCHEDULING

The software for resource scheduling has been adapted from
[1]: using R language and resorting to the lpsolve package for
linear approaches. The authors created four scenarios for this
case study, as seen in Table I.

As already mentioned, the selected DR program is load shift-
ing and can be identified as DRX throughout the text, where X
represents each one.

The active consumers and the aggregator have these differ-
ent options; however, the incentive is different according to a
schedule defined in Table II. Three distinct zones were created
throughout the day and are applied all week: peak, valley,
and off-valley. The zones have different remuneration values,
according to Table III. The aggregator’s goal is to avoid peak
hours, so the compensation value is lower in this schedule. If

TABLE III
INCENTIVE TARIFFS

the active consumer has the flexibility to move the load to valley
zones will have the highest compensation.

V. RESULTS

The current section presents a discussion and analysis of the
proposed methodology’s results, comparing the four different
DR programs with different time ranges. Fig. 4 compares the
Scheduling results and respective load allocation from each DR
program. With this, the authors try to fill research gaps with three
different goals:
� First goal: Increase community trustworthiness by select-

ing only the ones with higher performance levels for the
context in which the DR event is triggered.

� Second goal: Deal with the rebound effect by doing a
sensitivity to allocate the load shifted.

� Third goal: Improve the incentives for DR participation
with additional remuneration according to the time of the
day.

To achieve the first goal, the authors will compare the actual
and the requested reduction, comparing the initial and after DR
load diagram in Fig. 5. The second goal is implicit throughout
this section since each figure and table compare the four different
DR programs created according to Table I.

After, Fig. 6 and Table II compare the results regarding the
remuneration per period, fulfilling the third goal. The identifi-
cation speed of the DR participants depends on the amount of
previous data gathered from each participant and the number of
previous contexts. For the present study, the optimal scheduling
was the step that took more time, and the overall running was
below the 30s, which is compatible with a low latency real-time
scenario.

It must be highlighted that Scheduling results regarding the
requested and the actual participation from the active consumers
are the same for all the scenarios. Their availability at the time
of the DR event must be preserved. The range in which the load
is allocated differs for each scenario. This will impact the final
load curve, including the actual reduction and load allocation
values. The actual reduction curve – represented with an orange
color, shows how active consumers can have volatile behavior.
The TR was applied, aggrouping the community members ac-
cording to their participation chances, considering their historic
performance on DR events in the same context.

According to the charts in Fig. 5, there is a variation between
the requested reduction (blue) and their actual reduction (orange)
or, in other words, their CBL and the actual consumption –
community perspective (DR1 with green, DR2 with blue, DR3
with purple and DR4 with yellow). As mentioned earlier, the
players have a DR contract to provide flexibility, and a fault
can result in penalties. However, participation is still voluntary.
Furthermore, another assumption that should be emphasized is
that aggregator has information regarding the voltage-bound

Authorized licensed use limited to: UNIVERSIDAD DE SALAMANCA. Downloaded on April 26,2024 at 08:18:16 UTC from IEEE Xplore.  Restrictions apply. 



SILVA et al.: RATING AND REMUNERATING THE LOAD SHIFTING BY CONSUMERS PARTICIPATING 2293

Fig. 5. Scheduling results and load allocation from (a) DR1, (b) DR2, (c) DR3,
and (d) DR4 perspective.

limit violation throughout the week. So, no load is allocated
in the known periods. Still, new violations may be detected, but
it is not the focus of the current study and will be considered as
future works.

Analyzing Fig. 5(a), the results from the DR1 program. Ac-
cording to consumer availability, this scenario gives the aggrega-
tor the opportunity to make a load allocation between 3 hours and
15 hours after the DR event. Giving a more detailed perspective,
a total of 888.89 kW was requested for DR participants through-
out the week. From the thirteen DR events triggered, only 503.63

Fig. 6. Remuneration per period for (a) DR1, (b) DR2, (c) DR3, and (d) DR4
perspective.

kW was reduced. Since no goal reduction value was considered,
it can be enough to trigger another voltage-bound limit violation
if the load is allocated in a small range of time.

Moving on to Fig. 5(b), the results from DR2 are represented.
The wider range allowed a decrease in the load attributed to each
period. In this case, the highest value attributed to a period after
the DR event was 10.68 kW, and in DR1 was 13.62 kW which
still are high values.

When comparing the results from DR3 (Fig. 5(c)) with the
first one, the difference in this scenario can easily be seen with
the highest period range – between 3h and 48h after the event.
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TABLE IV
REMUNERATION FOR EACH SCHEDULE

The load was allocated over time, reducing even more than DR2,
the value attributed to each period. It must be emphasized that
the highest load value shifted to a period was 6.27 kW – less
than half of the quantity achieved in DR1.

Still, the authors are aware of the discomfort that can be caused
in this scenario since it can be too high from the active consumer
perspective – mainly for small consumers, such as the domestic
type. For them delaying, for instance, a washing machine or the
dishwasher for 48h may not be ideal or even practical, decreasing
their trust in fulfilling the agreement.

Nevertheless, there are plenty of options to be applied in this
range. Giving the option to community members, those with
this type of availability may consider different schedules and be
profitable for both sides, like in DR4 (Fig. 5(d)). This scenario
shifts the load from 24h to 48h after the DR event. The time
range size is slightly superior to the one in scenario DR2 (total
of 3h). This interval changed the maximum load attributed in
one period – going from 10.68 kW in DR2 to 8.25 kW in DR4.
The distinction can be seen in Fig. 5(d) when comparing with
the results from scenario DR2. The curve is flatter in the first.

The Remuneration Step results are presented in Fig. 6, consid-
ering the incentives presented in Table III and according to the
Schedule and different zones from Table II. The load allocation
curves, and the schedule zones are clearer, easing the analysis.
To complement Fig. 6, Table IV presents the total remuneration
values from each scenario throughout the study week.

Fig. 6(a), which represents the results from the DR1 scenario,
shows that the maximum value was achieved in period 285 with
a total incentive of 2.45 m.u. for the reduction. This period is in
the valley zone.

Regarding the results from the DR2 scenario, the total value
from the period where the total incentive achieved the maximum
was 0.23 m.u. lower than the previous one in period 113. The
maximum period was in a valley zone. DR3 achieved the lowest
value from the scenario comparison on this matter – in period
406, the real incentive was 1.12 m.u. – once again in a valley
zone. Finally, in the last scenario, the maximum incentive value
was noticed in period 198, with a value of 1.83 m.u. For the week
overall, the minimum value was achieved on the DR1 scenario
because most of the periods’ allocated load was on a peak or
off-valley zone.

Since the load was more accumulated in these periods, the ag-
gregator could allocate the same amount and save on incentives.
However, this approach can be dangerous since it can trigger
other voltage-bound limit violations.

From the authors’ perspective, to keep the network secure and
reliable, giving the option of a lower range to allocate the load

could be the proper solution. A higher benefit can be withdrawn
if both parties can achieve an agreement.

VI. CONCLUSION

The volatile behavior from DG requires flexibility from the
consumers. The authors created a Trustworthy Rate (TR) to un-
derstand the more reliable consumers in each context. Consider
several aspects influencing the participants’ behavior to gather
accurate knowledge about the community.

Following the study performed in [1], the current paper eval-
uates different ranges for load allocation using the DR program
load shifting. As mentioned in referred work, compensating the
participants for renouncing their comfort to aid in the network
transactions is an important step. It acts as motivation for contin-
uous participation in the future. However, the periods in which
this load is allocated are important and can be critical to avoid
other limit load violations.

The authors compared four different time ranges for the load
allocation. Although the one with the lower time range available
resulted in savings regarding the incentives from the Aggregator
perspective, higher amounts of load were added to a new period.
For instance, if this period is at a peak moment, the reliability
and security of the network can be jeopardized. From the results,
the authors consider that giving more time range for the load
allocation can be beneficial despite spending more on incentives.

In future works, since the aggregator must be capable of
dealing with DG and other resources, the authors intend to evolve
the method to include storage units and electric vehicles. Also,
since new violations may be detected, it was not the focus of the
current study and will be considered.

REFERENCES

[1] C. Silva, P. Faria, and Z. Vale, “Finding the trustworthy consumers for
demand response events by dealing with uncertainty,” in Proc. IEEE Int.
Conf. Environ. Elect. Eng. IEEE Ind. Commercial Power Syst. Eur., 2021,
pp. 1–6, doi: 10.1109/EEEIC/ICPSEurope51590.2021.9584667.

[2] P. Faria, J. Spínola, and Z. Vale, “Aggregation and remuneration of elec-
tricity consumers and producers for the definition of demand-response pro-
grams,” IEEE Trans. Ind. Inform., vol. 12, no. 3, pp. 952–961, Jun. 2016,
doi: 10.1109/TII.2016.2541542.

[3] G. Wen, X. Yu, Z.-W. Liu, and W. Yu, “Adaptive consensus-based robust
strategy for economic dispatch of smart grids subject to communication
uncertainties,” IEEE Trans. Ind. Inform., vol. 14, no. 6, pp. 2484–2496,
Jun. 2018, doi: 10.1109/TII.2017.2772088.

[4] C. Silva, P. Faria, Z. Vale, and J. M. Corchado, “Demand response perfor-
mance and uncertainty: A systematic literature review,” Energy Strategy
Rev., vol. 41, May 2022, Art. no. 100857, doi: 10.1016/j.esr.2022.100857.

[5] S. V. Oprea, A. Bâra, B. G. Tudorică, M. I. Călinoiu, and M. A. Botezatu,
“Insights into demand-side management with big data analytics in elec-
tricity consumers’ behavior,” Comput. Elect. Eng., vol. 89, Jan. 2021,
Art. no. 106902, doi: 10.1016/j.compeleceng.2020.106902.

[6] N. Good, “Using behavioral economic theory in modelling of de-
mand response,” Appl. Energy, vol. 239, pp. 107–116, Apr. 2019,
doi: 10.1016/j.apenergy.2019.01.158.

[7] D. Ramos, P. Faria, Z. Vale, and R. Correia, “Short time electricity con-
sumption forecast in an industry facility,” IEEE Trans. Ind. Appl., vol. 58,
no. 1, pp. 123–130, Jan./Feb. 2022, doi: 10.1109/TIA.2021.3123103.

[8] S. Zhai, Z. Wang, X. Yan, and G. He, “Appliance flexibility analysis
considering user behavior in home energy management system using
smart plugs,” IEEE Trans. Ind. Electron., vol. 66, no. 2, pp. 1391–1401,
Feb. 2019, doi: 10.1109/TIE.2018.2815949.

Authorized licensed use limited to: UNIVERSIDAD DE SALAMANCA. Downloaded on April 26,2024 at 08:18:16 UTC from IEEE Xplore.  Restrictions apply. 

https://dx.doi.org/10.1109/EEEIC/ICPSEurope51590.2021.9584667
https://dx.doi.org/10.1109/TII.2016.2541542
https://dx.doi.org/10.1109/TII.2017.2772088
https://dx.doi.org/10.1016/j.esr.2022.100857
https://dx.doi.org/10.1016/j.compeleceng.2020.106902
https://dx.doi.org/10.1016/j.apenergy.2019.01.158
https://dx.doi.org/10.1109/TIA.2021.3123103
https://dx.doi.org/10.1109/TIE.2018.2815949


SILVA et al.: RATING AND REMUNERATING THE LOAD SHIFTING BY CONSUMERS PARTICIPATING 2295

[9] N. Mahmoudi, E. Heydarian-Forushani, M. Shafie-khah, T. K. Saha, M.
E. H. Golshan, and P. Siano, “A bottom-up approach for demand response
aggregators’ participation in electricity markets,” Electric Power Syst.
Res., vol. 143, pp. 121–129, Feb. 2017, doi: 10.1016/j.epsr.2016.08.038.

[10] P. Lutolf, M. Scherer, O. Megel, M. Geidl, and E. Vrettos, “Rebound
effects of demand-response management for frequency restoration,” in
Proc. IEEE Int. Energy Conf., 2018, pp. 1–6, doi: 10.1109/ENERGY-
CON.2018.8398849.

[11] H. Saele and I. Petersen, “Electric vehicles in Norway and the potential
for demand response,” in Proc. IEEE 53rd Int. Universities Power Eng.
Conf., 2018, pp. 1–6, doi: 10.1109/UPEC.2018.8541926.

[12] Z. Zhang, Y. Huang, H. Chen, Q. Huang, and W.-J. Lee, “A novel
hierarchical demand response strategy for residential microgrid,” IEEE
Trans. Ind. Appl., vol. 57, no. 4, pp. 3262–3271, Jul./Aug. 2021,
doi: 10.1109/TIA.2021.3067864.

[13] A. Estebsari, P. R. Mazzarino, L. Bottaccioli, and E. Patti, “IoT-enabled
real-time management of smart grids with demand response aggregators,”
IEEE Trans. Ind. Appl., vol. 58, no. 1, pp. 102–112, Jan./Feb. 2022,
doi: 10.1109/TIA.2021.3121651.

[14] J. M. Home-Ortiz, O. D. Melgar-Dominguez, M. S. Javadi, J. R. S.
Mantovani, and J. P. S. Catalão, “Improvement of the distribution
systems resilience via operational resources and demand response,”
IEEE Trans. Ind. Appl., vol. 58, no. 5, pp. 5966–5976, Sep./Oct. 2022,
doi: 10.1109/TIA.2022.3190241.

[15] M. L. Di Silvestre, P. Gallo, E. R. Sanseverino, G. Sciume, and G. Zizzo,
“Aggregation and remuneration in demand response with a blockchain-
based framework,” IEEE Trans. Ind. Appl., vol. 56, no. 4, pp. 4248–4257,
Jul./Aug. 2020, doi: 10.1109/TIA.2020.2992958.

[16] E. Lee, K. Lee, H. Lee, E. Kim, and W. Rhee, “Defining virtual
control group to improve customer baseline load calculation of resi-
dential demand response,” Appl. Energy, vol. 250, pp. 946–958, 2019,
doi: 10.1016/j.apenergy.2019.05.019.

[17] Z. Zhang, Y. Huang, Z. Chen, and W.-J. Lee, “Integrated de-
mand response for microgrids with incentive compatible bidding
mechanism,” IEEE Trans. Ind. Appl., early access, Sep. 06, 2022,
doi: 10.1109/TIA.2022.3204626.

[18] P. Faria and Z. Vale, “Distributed energy resource scheduling with
focus on demand response complex contracts,” J. Modern Power
Syst. Clean Energy, vol. 9, no. 5, pp. 1172–1182, Sep. 2021,
doi: 10.35833/MPCE.2020.000317.

[19] P. Faria and Z. Vale, “A demand response approach to scheduling con-
strained load shifting,” Energies, vol. 12, no. 9, May 2019, Art. no. 1752,
doi: 10.3390/en12091752.

[20] C. Silva, P. Faria, Z. Vale, J. M. Terras, and S. Albuquerque, “Rating
the participation in demand response events with a contextual approach
to improving accuracy of aggregated schedule,” Energy Rep., vol. 8,
pp. 8282–8300, Nov. 2022, doi: 10.1016/j.egyr.2022.06.060.

Authorized licensed use limited to: UNIVERSIDAD DE SALAMANCA. Downloaded on April 26,2024 at 08:18:16 UTC from IEEE Xplore.  Restrictions apply. 

https://dx.doi.org/10.1016/j.epsr.2016.08.038
https://dx.doi.org/10.1109/ENERGYCON.2018.8398849
https://dx.doi.org/10.1109/ENERGYCON.2018.8398849
https://dx.doi.org/10.1109/UPEC.2018.8541926
https://dx.doi.org/10.1109/TIA.2021.3067864
https://dx.doi.org/10.1109/TIA.2021.3121651
https://dx.doi.org/10.1109/TIA.2022.3190241
https://dx.doi.org/10.1109/TIA.2020.2992958
https://dx.doi.org/10.1016/j.apenergy.2019.05.019
https://dx.doi.org/10.1109/TIA.2022.3204626
https://dx.doi.org/10.35833/MPCE.2020.000317
https://dx.doi.org/10.3390/en12091752
https://dx.doi.org/10.1016/j.egyr.2022.06.060


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


