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Abstract— Giving the small resources more information about
the transactions in the market will have a great influence on the
balance and increase the uncertainty. Business models that are
prepared to deal with small consumers and/or with small
Distributed Generation units need to emerge to deal with this
problem. The authors present a methodology able to minimize
the operation costs for the Aggregator of these small resources
but also find a fair remuneration according to their
participation in the management of the local grid. The
methodology could be explored by two approaches depending on
time horizon: planning or operation. In the present paper, the
two will be compared showing the viability of the path selected
by the authors for the real-time approach - assign a
remuneration group to a consumer considering the actual
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NOMENCLATURE

c Number of consumers (¢ = 1,2, ..., C)

C Maximum number of consumers ¢

Coe (p) Distributed generation unit p cost

Cipr(c) Incentive based Demand Response cost for
consumer ¢

Cnsp Non-supplied power cost

Csupa (sa) Regular sa supplier cost

Csupr (s7) Additional sr supplier cost

p Each generator (p =1,2, ..., P)

P Number of producers p

P ¥ g pttier (sa) Power schedule for additional supplier

paddMax g i (sa)  Maximum power of additional supplier

paddTotal g i (sa) ~ Maximum  total power of all additional
suppliers

Po: (p) Scheduled power for Distributed Generation
unit p

Ppr(c) Scheduled  power reduction Demand
Response program for consumer ¢

Phitial;, 4(c) Initial consumption of the consumers
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The policies and strategies for the management of Energy
Market should attend the trends of the revolution brought by
the concept of Smart Grids, namely with the inclusion
consumers through Demand Response (DR) [1], [2].
Considering the importance of environmental objectives, that
should be achieved, renewable energies are starting to be a
very clear option to replace fossil fuels in the context of
energy generation. Thus, the organization of the sector
rethought. The physical balance between production and
consumption in real time is a key problem for network
operators due to the economic impossibility of large-scale
storage. The existing Distributed Generation (DG) panoply,
namely renewable based energy, and DR may be a valuable
aid in the so-called "Money energy" problem. This problem is
defined by the "energy only" markets where a deficit of
investment in peaking units exists caused by lack of
revenue [3].

The flexibility provided by DR to system operators, e.g.
through shifting consumption across the day or changing the
consumption level per period, can be useful when applied, for
example, to small consumers. This can have impact in an
Aggregator, namely, Virtual Power Players (VPP) [4]. With
VPP, small resources will be able to have a more direct impact
in the energy market. Small consumers (domestic and
tertiary), DG units, prosumers and systems stores can be
associated with this entity. The goal is to find the balance on a
local level avoiding several problems namely transport losses.



As mention, the Energy market needs to follow the trends
and, consequently, the actual Business Models should be
updated [5]. Introducing these small resources must exist a
way to compensate for the discomfort caused by their
participation in the management of the local market. In fact,
the VPP, in addition, to focus on minimization of the
operation costs should also find a solution with a fair
remuneration — according to the actual participation. The
authors developed an approach for VPP considering all the
referred points. The methodology proposed in the present
paper has five different phases:

e Profiling — filter and select important data from
resources;

e Scheduling — optimization method applied to find the
minimization of the operation costs;

e Aggregation — group the resources according to their
participation in the management of the local market;

e Remuneration — compensate considering the groups
and incentivize to continuous participation;

e (lassification — creating rules for a real-time approach.

Being considered the development of previous works in
the same area by the authors [6], in the present paper, the
Classification phase will be performed to prove the viability.
For a real-time approach, the authors considered only two
phases, since the time horizon smaller: Scheduling and
Classification. For a training phase, all the five phases should
be completed (planning approach), and the output shows the
remuneration groups and a decision tree. Having this, a
reschedule is done and the rules provided will attribute a
remuneration group for each resource. The study in this paper
will consider the possibility of including new resources in the
operation approach.

After this section, Section 2 includes the the proposed
methodology. In Section 3 and 4, the case study and the
results are presented, respectively. Section 5 summarizes the
findings.

II. APPROACH

As mention in the Introduction, the proposed methodology
has the main goal to introduce small consumers into the
transactions of the energy market in an optimal way,
managing all the resources from the Aggregator. Fig.l
presents the four main steps proposed by the authors. Fig.1 is
divided into two different situations: planning (black path) or
operation (red path). The authors were able to give enough
flexibility to the methodology to function in different time
horizons: a couple of minutes (operation) to weeks or even
months (planning). The approach proposed can also be applied
in cases where the VPP aggregate different type or number of
consumers, DG units and prosumers. Aggregators with only
one type of resource will also be able to use the methodology.
In the profiling, all the information regarding the resources is
considered. All the information from each resource is used as
input for the second step, Scheduling, based on a deterministic
approach where the objective function, from the point of view
of the VPP, is to minimize the operation costs.
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Figure 1 Proposed Methodology

It is important to highlight that through the present paper
the first phase may be referred as Scheduling or Optimization
phase. As already mentioned, consumers and DG units are
considered for the optimization, however, for the case where
the production from DG units is not enough to suppress the
demand, suppliers were applied. Two types were considered:
regular and additional. Let p, sr, sa and c be the number of DG
units, regular suppliers, additional suppliers and consumers,
respectively. The objective function is given by:
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Power balance is modeled as in Equation (2).
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The sum of the reduction of each IDR consumer to its
initial load is equal the sum of all DG units and suppliers. The
goal of an optimum network flows it to kept Pxsp null, proving
that the grid is being well managed.

Passing to the constraints associated with the consumers
belonging to DR programs. In Equation (3), the restriction for
the maximum value of reduction for all the consumers is
presented.

P <py

IDR(c) = IDR(c)’ Vee {1, =C}

©)]
DG units are limited by Equations (4), (5) and (6).

Considering Equation (4) and (5), the low and high bounds are

applied to all the units. Also, it is considered a total maximum



value of production for these technologies giving the
Aggregation some control.
Max
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The limits for external suppliers are as in Equations (7) -
(10). In addition to the upper limit, it is also limited the total
amount of external suppliers, both regular (Equation 7 and
Equation 8) or additional (Eq. 9 and Eq. 10).
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Giving the output from the optimization, in case of
consumers the amount of reduction required, the Aggregation
and Remuneration phases are introduced. The authors consider
an approach where the remuneration for resources who
cooperate with the VPP is fair. In this way, the idea of
grouping the resources according to the participation is
performed through clustering methods. The author selected k-
means to perform the stated task. The aim is to find the
centroid value that represents each group. Several functions
can be applied, for example, the Euclidean distance.

The resources with higher participation belong to the same
group and, consequently, will be remunerated at the same
tariff being this approach used as motivation the continuous
participation. Another important feature of the proposed
methodology is, for the input for Aggregation, the optimum
number of clusters — koy for the given database. Several
methods can be used to perform the mentioned task [7]. The
authors considered, for the present paper, Elbow Method.
Starting at k=2, with a step 1, the total within-cluster sum of
square is calculated for each k and then the kopt is found. An
"elbow" is considered as an indicator of the suitable number of
clusters. The comparison between the ideal number of clusters
and the optimal was already studied in previous works [6].

Classification phase is introduced with the operation
approach. Giving the data from previous planning results it is
possible to have training data to design a model to be applied
near real-time. The goal is, with the results from the
scheduling attribute a remuneration group and tariff to a
resource without going through all the phases. The authors
consider, for the present paper, Decision Trees as a
classification method to perform this task. As the name

suggests, a tree structure to class objects is created by dividing
the dataset into smaller subsets with several rules.

III. CASE STUDY

The case-study includes a 30 kV Real Portuguese
distribution network, 30kV, 90 MVA. The database containing
consumer and DG units’ profiles. This case study has a total of
548 DG units, with seven different types of technologies as
showed in Table 1. This table presents some characteristics of
these units, namely the value of tariffs and the total number of
each type.

Table 1 Distributed Generation units’ characterization

Tariff .
Type [m.u./KWh] # Units
Biomass 0.1206 25
Co-generation 0.0975 16
Fuel Cell 0.0945 13
Photovoltaic 0.2889 208
Small Hydro 0.0961 25
Waste-to-energy 0.0900 7
Wind 0.0988 254
Total 548

Consumers, within five different, are presented in Table 2.
The tariffs are divided according to a schedule, and there are
three types of schedules. With this, single is when the tariff is
the same all day; double when the day is divided into off-
valley periods and valley periods; triple when there are peak,
off-peak and valley periods. Tariffs are different depending on
the day of the week and season.

Table 2 Consumers’ characterization

Type of Type of Schedule Period Tariff .
Consumer [m. kW] # Units
Domestic Single 2.3 kKVA - 0.1426 10,168
Small Single 2 2.3 kVA - 0.1652
0828
Commerce
Medium Off-valley 0.1948
Commerce Double Valley 0.1016 52
Large Peak 0.2253 e
Commerce Triple Off-valley 0.1763
Industrial Valley 0.1016 147
Total 20,310

The aggregator is thus responsible for providing all the
above characteristics, for each of the resources, in order to
obtain viable results through this methodology. For
aggregation, remuneration and classification phase, in the
present paper, the focus will be on consumers.

IV. RESULTS

The results presented in this section were obtained by
comparing the proposed path in the present paper for a real-
time approach — Scheduling and Classification and following
all the phases from the proposed methodology. To test the
viability, the introduction of five new consumers was
performed. First, to create the decision tree, all phases of the
proposed methodology were tested. Only one period was
performed — a peak hour, for the real-time approach. Table 3
shows the characteristics from the consumers, namely,



PinLoad which represent the initial load at the period studied
and Pmaxidr the maximum amount that can be reduced
according to the DR program from each consumer.

Table 3 New Consumers’ Characteristics

Consumer
Parameter 1 2 3 4 5
DM SC MC LC 1D
PinLoad 5.1558 | 2.3423 | 17.6754 | 69.8520 | 113.3917
Pmaxidr 24921 | 1.1282 | 8.8377 | 34.9260 | 56.6959

One consumer from each group defined in the previous
section was chosen. The Domestic Consumer (1), for the
period studied, has as initial load of 5.15 kW, having a DR
program which allows the Aggregator to reduce 2.49 kW. In
the case of the Small Commerce Consumer (2), consumption
is lower, and the maximum load reduction is 48% of his initial
load.

Regarding Medium Commerce Consumer (3), Large
Commerce Consumer (4) and Industrial Consumer (4), the
maximum reduction is 50% of the initial load. With this
information, and taking into account the remaining consumers
in the grid as well the DG units and the suppliers, the
optimization phase has been performed and the results for the
selected period are represented in Table 4.

Table 4 Optimization Results

Consumer
1 2 3 4 5
DM SC MC LC 1D
2.4921 | 1.1282 | 8.8377 | 34.9260 | 56.6959

All the consumers were requested to reduce all the
maximum value allowed for the DR program. Following,
Aggregation and Remuneration phase was performed. The
resulting groups were presented in Table 5 and in Table 6 the
remuneration tariffs.

Table 5 Aggregation Groups

Consumer
1 2 3 4 5
DM | SC | MC | LC | ID
3 4 3 5 5

Table 6 Remuneration Tariffs

Consumer
1 2 3 4 5
DM SC MC LC 1D
0.1948 | 0.1652 | 0.1948 | 0.2253 | 0.2253

For the formation of remuneration groups, in Aggregation
phase, a selected clustering method, k-means was used. The
results are present only for the one k cluster chosen earlier. In
the remuneration phase, it was considered the method with
lower costs for the VPP but maintaining the fair remuneration
for the participants. The remuneration tariffs presented in
Table 6 were designated through the maximum value in the
remuneration group of each consumer.

In this way, for Consumer 1 the remuneration tariff was
0.1948 m.u./kW. This tariff is higher than the 0.1426 m.u./kW
accorded in the optimization phase because this Consumer is
in the same group as Consumer 3, Group 3. Being the
maximum per group, Consumer 1 is incentivized to
continuously participate in DR programs with this higher
compensation tariff. Regarding Consumer 2, the clustering
method opts to attribute to Group 4 where the remuneration
tariff is 0.1652 m.u./kW. Consumer 4 and Consumer 5 belong
to the same Group and have a higher tariff, 0.2253 m.u./kW.
Since the effort is higher (amount of reduction from DR
programs) it is fair to remunerate this Consumer with higher
values.

For Classification phase, in this planning path, a decision
tree was created considering the results from the optimization
and the remuneration groups (Figure 2).
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Figure 2 Resulting Decision Tree from Classification phase (planning path).

Following the second path, a real-time approach, a new
optimization phase was performed and taking into account
the output from it, the decision tree in Figure 2 was applied to
the consumers. Proving the viability of the methodology and
this new phase, the consumers should find a remuneration
group with a fair remuneration considering their participation
without going to all the phases. In the re-scheduling, the
results for the selected consumers were the same as presented
in Table 4.

Figure 3, Figure 4 and Figure 5 show the results from
applying the decision tree in Figure 2 to the selected



consumers. Each consumer’s path has the colour of the
assigned group: Group 1 is red, Group 2 is orange, Group 3 is
pink, Group 4 is grey, Group 5 is blue, and Group 6 is green.
It is essential to recall that each group has associated one
remuneration tariff, being the maximum tariff in the group.

Starting with Figure 3, where it is represented the path
for Consumer 1 and 3, where the results from the
optimization phase were 2.4921kW and 8.8377kW,
respectively. The first division splits the Database in higher
or equal to 0.43 and lower than 0.43. Being obviously higher,
follow to the second division where the Database is tested for
higher or equal to 0.74 and lower than 0.74. Following the
higher path, the fourth division compares being higher or
lower than 26. Now, these two consumers are between 1.6
and 26, is assigned to Group 3.
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Figure 3 Decision tree results for Consumers 1 and 3

In Figure 4, the resulting path for consumer 2 is
presented with grey. The optimization result for this
Consumer was 1.1282 kW. For the first test in the Decision
Tree — higher or equal to 0.43 and lower, this Consumer has a
higher value. In the second test, higher or equal to 0.74 and
lower, remains higher than the test value. Following the
second test — higher or equal to 1.6 or lower, the bounds were
found. The result is higher than 0.74 but lower than 1.6,
staying in the remuneration Group 4.
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Figure 4 Decision tree results for Consumers 2

Figure 5 shows the remaining consumers.
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Figure 5 Decision tree results for Consumers 4 and 5
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These are Consumer 4 and Consumer 5 where the
results from the scheduling were 34.9260 kW and 56.6959
kW. In this way, these values are higher than 0.43 (first test),
higher than 0.74 (second test), higher than 1.6 (third test) and
higher than 26 (fourth test). The upper bound is found with
the fifth test, where is compared if the value is higher or equal
to 126 or lower. The results for Consumer 4 and 5 are lower,
and, with this, they belong to remuneration group 35,
represented with a blue path.

V. CONCLUSIONS

Considering the lack of business models with small
resources, namely small consumers belonging to DR
programs and small DG units, the authors proposed a
methodology that will help the Aggregator minimize the
operation costs and still remunerate fairly all the participants
in the management of the local community. In the present
paper, a study was done comparing two approaches: planning
and real-time. These two have different paths through the
phases of the proposed methodology.

The main goal was to understand and prove the viability
of the operation approach. Studying 5 different consumers
and comparing the results for the two approaches, it is proved
that, with the decision tree created, the consumers ended in
the same group as planning approach (with more historical
data). With this, following the alternative path, when lacks
time for the Aggregator to perform all the methodology
phases, this can be a good substitute. It is highlighted the
importance of having a good training database to form the
rules in the Decision Tree, is crucial to obtain good results.
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