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ABSTRACT
The present paper focuses on presenting representative
daily electricity generation and load demand profiles and
price diagrams by means of cluster analysis. The objective
result consists of obtaining usable datasets for researchers
to accurately simulate smart grids and new grid
technologies based on real and local specific scenarios.
This study is justified by the need for reliable data to assess
the true value of new grid technologies so that the required
investments can be justified. It is thus possible to provide
a basis for the study of innovative technologies under the
smart grid paradigm, such as the use of energy
management systems or electrical energy storage systems.
The applied methodology uses two clustering methods to
obtain and validate both grid prototypes and price
diagrams, as a convenient tool for identifying homogenous
groups of objects or clusters according to their similarity,
while keeping a significant difference between groups.
The present article intends to present the previously
developed methodological approach applied to
Portuguese historical data sets of hourly consumption,
wind generation and gross market prices of a complete
year. The used data was obtained from the DSO, the TSO
and from the Iberian Energy Derivatives Market Exchange
or MIBEL website, respectively. The methodological
approach provides characteristic profiles for electricity
prices, load demand and renewable wind generation that
can be used to simulate typical and representative days of
a whole year.

INTRODUCTION
The need to assess the true value of new grid technologies
so that the required investments can be justified motivate
the development of simulation tools, which should be as
authentic as possible to the conditions of the electric grid.
The applied methodology uses clustering methods and was
published in [1].
Although the development of reference profiles is not new,
and has been used for characterizing consumers and losses
[2], [3], this work focused the automatic development of
typical profiles for other uses, such as market prices, wind
generation and aggregated load, based on available time-

CIRED 2019

Luís Neves
Polytechnic Institute of Leiria - Portugal
luis.neves@ipleiria.pt

series, producing representative profiles/prototype.

CLUSTERING METHODS
Cluster analysis is a convenient method for identifying
homogenous groups of objects called clusters [4], aiming
to group objects by similarity, but keeping a significant
difference between them. The cluster analysis presented in
the current paper makes use of the hierarchical clustering
method(HM) and the artificial neural networks(ANN)
method available as a toolbox of the Matlab software.
The ANN method is based on the Kohonen SOM [5]. This
algorithm is able to capture eventual nonlinear statistical
relationships between elements of data into a simple
geometric relationship (neural network) on a low
dimensional display, based on similarity and topology, a
feature that is one of the most important advantages of the
method.
The HM investigates possible groupings of data, by
creating a structure similar to a hierarchical tree [6]. Such
tree is comprised with a multiple level clusters hierarchy,
where clusters at one level are grouped in clusters of a
higher level. The adopted procedure to create the cluster
profile prototypes is has a detailed description in [6].

CASE STUDY
Two load datasets were used, one resulting from a
measurement at the Pinheiros substation (SS) located in
the city of Leiria, representing an industrial area, and the
other as the aggregation of low voltage (LV) household
(HH) diagrams, as 365x24x4 periods of 15 min, but
representing two different years (2008 and 2013,
respectively). Wind generation and market prices data
were obtained respectively from the TSO and from the
Iberian Energy Derivatives Market Exchange or MIBEL
website, for the same time periods of load data [7].
Further details of the methodology are described in [1], [8].

DATA RESULTS
The definition of the appropriate number of clusters
depends on the analysis of the dendogram or tree of
clusters that resulted from the application of an HM
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clustering process. Figure 1 and Figure 2 illustrate an
example of a tree dendogram and the representation of the
relationship between the obtained number of clusters and
the distances between the centers of clusters. Using both
figures the selection of the number of clusters can be more
accurately justified as the single use of any of them results
in a degree of uncertainty, the threshold in the case of the
dendogram, as depicted in Figure 1, and the location of the
inflexion point of the curve, shown in Figure 2. This
technique was applied to select a set of plausible
scenarios(i.e number of prototypes), and a total of 5
clusters were selected in all cases.

in Figure 4 for year 2008 when applying the ANN and the
HM methods. Since both methods present similar types of
price prototypes and the approximate same number of
hits(number of allocated profiles). Figure 3 presents an
example in which five of the six available clusters get
almost all the hits.

Figure 3 – Self-organizing map hits allocation
example[8]
The resemblance between methods ensures that any of the
clustering methods may be used.
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Figure 2 – The relation of the distance between
clusters with their number – substation LD
In order to define the appropriate use of gathered data, an
experimental setup was performed using two methods for
the data clustering techniques, one using the input data
without any treatment and a second one where the input
data were subjected to a normalization procedure such that
the sum of all the elements of each vector equals 1, in order
to cross-check their validity [6].
The normalization process was performed using equation
(1) where
is the value of the ith element of the
vector to be normalized and is the number of elements
(m=96).
(1)
∑
This experiment showed that in the case of the electricity
profiles, the use of the shape of the diagram resulted in data
being differentiated in workdays and weekends. However,
in the case of the market price diagrams, the magnitude
similarity between diagrams resulted in more
discrimination than when using the shape of the diagram.
The resulting clustering price prototypes can be visualized
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Figure 4 – Price prototype clusters for the HM and the
ANN method, for 2008.
The use of 2008 and 2013 data were made, considering the
following assumptions; firstly, the data provided by the
DSO and TSO, and secondly, the transition from the
regulated market to the liberalized market, in Portugal,
respectively.
The resulting cluster price prototypes, can be visualized in
Figure 5 and Figure 6, for the years 2008 and 2013,
respectively. The reader must note that the numbering of
prototypes is specific to each clustering process.
Therefore, a direct comparison of clusters identified with
the same number is not possible.
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Figure 5 - Gross market prices prototypes for 2008,
using the ANN method
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weekends, in the electricity demand profiles. The
differences between methods were essentially related to
the total number of allocated days. For different
distributions, another clustering measurement method may
be used (e.g. complete linkage). The holidays were not
represented in any particular cluster, perhaps because these
days normally represent patterns similar to weekends.
The resulting wind energy prototypes, can be visualized in
Figure 9.
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In order to compare the data allocation and verify the
similarity of results with both methods and to understand
the meaning of the clusters, the obtained outputs were
analyzed in terms of total number of allocated days (hits),
on weekdays, weekends and holidays.
The resulting clusters for the electricity prices did not show
a particular correspondence to the type of day, no cluster
being formed more with a type than other, with the
electricity prices being decoupled from the type of day.
Although the current market situation creates conditions
for this to happen, it suggests also that the natural
consumption variation between workdays and weekends is
not influencing prices.
The resulting load demand prototypes, can be visualized in
Figure 7 and Figure 8.
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Figure 6 – Gross market prices prototypes for 2013,
using the ANN method
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Figure 9 – Wind generation prototypes for 2008, using
the ANN method
The obtained prototypes were dissimilar, due to the
unpredictability of this energy source, as shown in Figure
9.
Potential scenarios can be drawn when combining
prototypes as shown in Figure 10, however their
representativeness will not guarantee the plausibility of
scenarios in real conditions but just a possibility.
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Figure 10 – Prototype#1 for Load demand and wind
energy generation.
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Figure 7 – SS Load demand prototypes, using the ANN
method
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Figure 8 – HH Load demand prototypes, using the
ANN method

Since both generation and load demand diagrams were
subject to a normalization procedure during for the
clustering process, a measure of the renewable wind
generation availability could be attained from the
difference between the average load demand profile and
the wind generation prototype as represented in Figure 10.
Table 1 presents the results for the cluster distributions
when using the ANN method. The distribution was made
according to the number of hits and percentage for all
studied profiles.

Regarding energy consumption, both methods presented
rather segmented clusters, based on weekdays and

CIRED 2019

3/4

25th International Conference on Electricity Distribution

Madrid, 3-6 June 2019
Paper n° 1088

CONCLUSIONS
The present paper present a real case study to deliver
reliable data to assess the deployment of new technologies
in the smart grid, when using historical data made
available by different market players.
The use of the two clustering methods enabled the
comparison of results. This methodology shows that both
methods return similar data, which is useful for prototype
development.
The prototypes obtained from the average annual real
prices clustering reveled a more competitive market
between October, 1st, 2012, and September, 30th, 2013,
than in the entire year of 2008. The average gross energy
prices have been decreasing since 2008, possibly due to
the market liberalization introduced with the Iberian
electricity market settlement (MIBEL) and the
corresponding operational agreements of January, 2008.
A higher similarity between the obtained prototypes and
the average load profile for the household(data for year
2013) sector was also verified, when compared to the
substation’s load diagram(data for year 2008). This may
be explainable, since the substation, serves not only
residential clients, but also industrial customers.
A clear identification of the clusters with the weekday type
(workday, Saturday, Sunday and holiday) was obtained for
the load demand profiles. As for the wind generation, due
to its high unpredictability, neither a weekday type or by
season allocation was possible to attain. Moreover, the
electricity prices did not present a weekday type
correspondence, despite the current market situation
intending to create conditions for this to happen, which
suggests that the natural consumption variation is not
influencing electricity prices.
Table 1 – Prototypes annual representativeness
Type of profile
Prototype
1
Prototype
2
Prototype
3
Prototype
4
Prototype
5

n.
%
n.
%
n.
%
n.
%
n.
%

Load
Wind
demand
gen.
SS
HH
2008 2013 2008
52
88
63
14,2 24,1
17,2
61
57
81
16,7 15,6
22,1
92
87
97
25,1 23,8
26,5
108
80
77
29,5 21,9
21,0
53
53
48
14,5 14,5
13,1

ACKNOWLEDGMENTS
The authors would like to thank EDP Distribuição, for
providing part of the information that enabled this study
going forward. This work has been framed under the
Energy for Sustainability Initiative of the University of
Coimbra and supported by the Energy and Mobility for
Sustainable Regions Project CENTRO-07-0224-FEDER002004 and Fundação para a Ciência e a Tecnologia (FCT)
under grant SFRH/BD/88127/2012, and project grants
MIT/SET/0018/2009 and PEst-OE/EEI/UI308/2014.

REFERENCES
[1]

[2]

[3]

[4]

Elect. Price
2008 2013
36
103
9,8 28,2
101 115
27,6 31,5
108
65
29,5 17,8
69
47
18,9 12,9
52
35
14,2 9,6

Table 1 shows a summary of the distribution of all profiles
under study, that are independent of each other, including
the representativeness(%) of each profile (cluster) in one
year, listing the number of days allocated to each cluster
(n.), when using the ANN clustering method.
The proposed methodology can be used for developing
conceivable scenarios, using real and up-to-date data, thus
enabling the development of prototypes for simulating the

CIRED 2019

smart grid environment with local specific behaviours for
a particular geography. The classification process enabled
the perception of how market prices, consumption and
wind generation profiles may be grouped, in one year time.

[5]
[6]

[7]

[8]

P. Miguel, J. Gonçalves, L. Neves, and A. G.
Martins, “Using clustering techniques to provide
simulation scenarios for the smart grid,” Sustain.
Cities Soc., vol. 26, 2016.
REN, “REN: SIMEE - Perfis Consumo.” [Online].
Available:
http://www.mercado.ren.pt/PT/Electr/InfoMercad
o/Consumo/Paginas/PerfisConsumo.aspx.
[Accessed: 11-Jan-2019].
ERSE, “Portal ERSE - Perfis de perdas e perfis de
consumo em MT, BTE, BTN e IP,” 2013.
[Online].
Available:
http://www.erse.pt/pt/electricidade/regulamentos/
acessoasredesaasinterligacoes/Paginas/Perfishora
riosdeperdasedeconsumoemBTEBTNeIP.aspx?m
aster=ErsePrint.master. [Accessed: 02-Mar-2013].
E. Mooi and M. Sarstedt, “Cluster Analysis,” in A
Concise Guide to Market Research, Berlin,
Heidelberg: Springer Berlin Heidelberg, 2010, pp.
237–284.
T. Kohonen, “The self-organizing map,”
Neurocomputing, vol. 21, no. 1–3, pp. 1–6, Nov.
1998.
J. M. C. Sousa, “Methodology for determination
of Low Voltage consumer profiles, Master Thesis
on Electrical and Computer Engineering (Title in
portuguese: Metodologia para determinação de
perfis de consumidores de Baixa Tensão,
Dissertação de Mestrado em Engenharia Elect,”
University of Coimbra, Coimbra, portugal, 2006.
REN, “Centro de informação REN,” 2013.
[Online].
Available:
http://www.centrodeinformacao.ren.pt/EN/Inform
acaoExploracao/Pages/EstatisticaDiariaDiagrama
.aspx. [Accessed: 23-Nov-2013].
J. A. Ribeiro Gonçalves, “Methodology for real
impact assessment of the best location of
distributed electric energy storage systems,”
University of Coimbra, Portugal, 2015.

4/4

