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The electric power suppliers are interested in identifying and categorising their con-
sumers’ profiles into different categories according to their energy consumption habits.
The profiling of users can help with understanding how the users consume the energy and
how the energy usage may affect the electricity distribution grid. However, the privacy of
the electricity users is well protected by the current law. This study focuses on data mining
methods to extract the relevant knowledge based on anonymous data obtained from smart
meters. The K-means clustering algorithm was used in grouping the energy consumption
data. To improve the quality of the clusters formed via the K-means clustering and to
tackle the common problem of local optimum, the genetic algorithm (GA) was adopted
in refining the clusters. The use of two validity indices to compare the methods showed

that combining K-means and GA did indeed improve the clustering quality.
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1 INTRODUCTION

1.1 Background

With the emergence of smart meters, more information about a user’s electricity consump-
tion can be collected easily. Prior knowledge about the group a particular user belongs
to is known by the energy company to some extent. This is achieved through knowledge
about the type of appliances in use or type of heating system used in the buildings. This
information is stored and used in customer grouping. One shortcoming of this method is
that the recorded information is seldom updated. With time, the energy consumption of
the user, for example, the type of heating or electrical appliance usage might change re-
markably from the known behaviours. In this regard, this single-shot method of consumer

categorization is inefficient.

The traditional energy user grouping is performed using three user categories: industrial,
residential and commercial users. An example of the industrial users are factories, com-
mercial users are the shops, restaurants and supermarkets, and residential users refer to
homes and apartment buildings. The consumption pattern of the energy users is much
more complex than these mentioned groups [1]. The energy users should be categorized

based on the pattern of electricity behaviour they exhibit.

The general application of electricity user profiling is that the knowledge of how the
customers use the electricity can help the energy companies to create important policies
ranging from network planning, demand response, and load forecasting [1]. A more

detailed application of load profiling is described as follows [2]:

Distribution network operation

e Real-time recognition of network loadings and voltages.
e It ensures that the network is kept within its operating limits.

e [t can manage post-fault supply restoration.

Short-term operation planning

e Very useful in congestion forecasting.



e Load profiles have immense application in network reconfiguration, for instance, to

minimize network lost.

e Planned outages preparation.

Distribution network planning

e New base profile for probabilistic network planning.

e Ensuring the network can cost-efficiently host all foreseeable loads and generators.

Other applications of load profiling are the design of tariffs, target sales based on cus-
tomers load profiles, the load profile can also be used in the adjustment of the electricity

retail forecasts when new customers are contracted or old ones lost [2].

By virtue of this important demand, finding and understanding clusters using data min-
ing techniques (scientific methods) is worthwhile [3]. Since the user identity is protected
under the European Union privacy laws [4], the specific locations and identities of the
participants will remain anonymous. This research applies data mining methods (cluster-
ing) to the provided data set to show users with similar energy consumption patterns and

group these users together.

1.2 Objectives and delimitations

This master’s thesis aims at achieving the following objectives:

e To study and use the K-means clustering algorithm for the purpose of load profiling.

e To choose and verify the appropriate number of clusters to use in the categorization

of the energy users.

e To use the GA to improve the quality of the clusters formed.

This study is limited in that the results that will be obtained cannot be verified because of

the anonymity of the participants.



1.3 Structure of the thesis

The outline of this master’s thesis is as follows. Chapter 2 describes related work on
power use profiling, Chapter 3 contains the proposed methods for power user profiling
and the algorithms for these methods are presented. In Chapter 4, the application of these
specific methods to electricity load data and the results derived from the experiment are
analysed. Chapter 5 contains the discussions and the challenges faced during the study.

Finally, the concluding remarks are presented in Chapter 6.
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2 ELECTRICITY CONSUMER PROFILING

The tendency to precisely classify a user into the appropriate cluster is the principal chal-
lenge facing electricity user profiling. Some clustering methods (K-means clustering)
require knowledge about the number of clusters prior to clustering, but this information is
not always known beforehand. As a consequence of this, different clustering techniques
need to be studied and the method that suits the specific purpose applied. Many studies
exist already for profiling electricity users [5—7] and load profiling has proven to be one of
the most suitable methods [6]. In this section, a brief summary of load profiling is given

and some previous data mining approaches used in user load profiling are considered.

2.1 Power user profiling

The idea of load profiling has been around for decades already [8]. In simple terms, load
profiles refer to the variation of electricity usage with time, that is how the consumers used
electricity at different times during the day. In more advanced terms, a load profile is the
pattern of electricity consumption displayed by a consumer or even a group of consumers
over a certain period of time [9]. This period can range from half-hourly recordings,
hourly recording or consumption rates across the whole year [8]. Figure 1 represents a

single user load profile and multiple user load profiles respectively.
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Figure 1. Example load profile of residential flats: (a) A single load profile. (b) Multiple load
profiles.

Furthermore, load profiling can be defined as load shapes that are determined from past
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or current data and adjusted on a present or monthly basis to the actual reading provided
by a meter [9].

Two main stages are involved in load profiling [10]:

1. An estimation is done on determining the groups of users over a certain period of

time.

2. The information derived from the first process is then used to categorize the users.

2.2 Techniques used in power user profiling

A number of tools and techniques exist for classifying load profile data. The main design
behind these techniques is to gather load profiles with similar characteristics or pattern of
consumption in a cluster. The information from the clusters have a range of applications.
These applications include, but not limited to billing, marketing, and utility customers
[11]. These techniques are neural approaches, clustering algorithms, the statistical and

fuzzy techniques. A review of these techniques is given here.

2.2.1 Neural approaches

Neural networks are very powerful tools for clustering data. This paradigm was inspired
by the biological neural networks. The model first learns from the observed data and
once the learning is achieved, the model is able to group new unseen data with a high
level of accuracy. Neural networks have proven to be very efficient in load profiling in
certain areas where other methods are not accurate [11]. For load profile division, the

self-organizing map (SOM) is shown to be the most suitable [5, 12].

2.2.2 Clustering algorithms

Clustering is a type of unsupervised learning approach. It works by segmenting data
points such that points that possess the same traits are grouped together distinct from other
data points. The classic clustering methods are divided into Binary splitting algorithms,

one step clustering, iterative joint-two algorithms and exhaustive binary search algorithms
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[11]. A survey of some clustering techniques used in data mining is given in [13]. Figure

2 gives a summary of the clustering algorithms.

Hierarchical || Partition || Categorical || LargeDB |

/\

Moolomerative] | Divisive Sampling | |Compression

Figure 2. Clustering Techniques [14].

2.2.3 Statistical approaches

Various statistical methods have already been utilized while working with load profiles.
Like the clustering techniques, the statistical methods can also serve as a useful tool in
load profile data categorization. These techniques are also very valuable in addressing
relationships between explaining variables (temperatures for instance) and load consump-
tion data [11], to determine the correlation between a load profile and seasonal variations.
An important question is whether statistical methods can be used in finding out what hap-
pened to the load profile in individual seasons compared to others. Statistical methods are

very effective in this area.

2.2.4 Fuzzy approaches

Fuzzy clustering technique is also referred to as soft clustering. It is a type of clustering
in which a data point can simultaneously belong to more than one cluster with certain
membership function. This method of clustering was introduced in 1981 by Jim Bezdek
[15].
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2.2.5 Hybrid methods

In the review of the previous studies, it had been seen that most of the studies combine
methods (two methods or more) to produce the load profiles categories [16, 17] on the
same data and compare their suitability. In other general cases, one method is used to

compliment another method [11].

2.3 Review of techniques

In the rest of this subsection, a review of the techniques used in related works is given.

An automatic clustering method was devised in organizing consumers into automatically
created class, in which similar consumers formed the same groups. The approach was
provided for characterizing customer load profiles with an aim at forming improved tariff

offers for distribution companies and retailers [6].

Because of the challenge of large sample size (the enormous size of data), volatility, and
uncertainty (this means the number of customers and the fact that a customer could belong
to different clusters at different days), a novel method called multi-resolution clustering
(MRC) to address these limitations was proposed [18]. The method was designed for
smart meter data. Spectral features are extracted from the load profiles and fed as input
data for clustering, computational complexity is broken down during the clustering and
different load features are isolated and finally, a Gaussian mixture model is used to pre-
cluster each customer over days. This is mostly to decrease the sample size. In [19],
load profiling was done through K-means clustering using the SPSS statistical package.
In the proposed approach, consumption data was split into 3 intervals. The motivation
for splitting the 24-hour data was to capture low/high peaks of active energy consumption
which is otherwise not captured in normal profiling. A comparison was made between

the tariff generated from load profiles and fixed rate tariffs.

In [20] authors applied clustering to the Queensland load profile data. The K-means
method was also used in this study because of its fast iterative algorithm to sort a large set
of data. Upon clustering, the accuracy of the various clusters was verified through the use
of the clustering dispersion indicator (CDI). The optimum number of clusters was verified
through this way. The clustering was done at two levels, firstly, the monthly load clusters

were extracted and secondly, the same procedure was repeated on the annual data.
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Using real measurement data, the ant colony search method was applied to the clustering
problem [16]. As a benchmark, K-means clustering was initially used in solving the
clustering problem. In comparison with the latter method, the ant colony search method
produced better results. Furthermore, when the optimal number of clusters was 30, the
K-means algorithms failed to cluster the data [16]. The clustering algorithm only yielded
empty clusters. This is due to the high number of features the data in question is known
to exhibit [16].

The quality of clustering tools are appraised with respect to electricity customer cluster-
ing, 234 electricity consumer profiles were used [17]. Clustering results were achieved
through tools such as follow-the-leader unsupervised clustering algorithm and the sup-
port vector machine (SVM), the former was considered to be the optimal method [17].
Likewise, experimentation by applying various pattern recognition methods: K-means,
SOM, fuzzy k-means and hierarchical algorithms are also presented. Six adequacy indi-
cators are examined with respect to verifying the best clustering tools. The K-means and

hierarchical clustering algorithms are later proposed.

Similar to [16], the authors in [3] used the K-means method in clustering electricity
time series data. The K-means algorithm is a partitioning relocation clustering method
(distance-based method) was preferred over the hierarchical, Density-based partition and
Grid-Based clustering types. A detail elaboration of the types of clustering methods used
in data mining are presented in detail in [13]. The results obtained showed a degree of
accuracy in grouping accounts with a similar proportion of energy consumption [3]. The
main distinction between the work in [3] and the study in this thesis is that the data set
used in [3] was only limited to commercial or industrial customers whereas in addition
to commercial and industrial customers, this work also considered residential customers.
Again, another dissimilarity is that [3] aims at determining the close and open hours of

business by deriving insight from the data.

Fuzzy C-means (FCM) and the Euclidean distance metric was utilized to cluster 25 smart
grid users into five clusters [1]. The study in [1] differs from [16], [17], [3] and the study
in this thesis in that [1] made used of real-time data. Also, the scope of data considered
in this thesis far exceeds the datasets considered in [1] (25 users were considered). A
statistical method called fixed mixture model was employed to cluster publicly available
data of about 4000 smart meter customers [7]. The research considered the Bayesian
information criterion in selecting the ideal number of the clusters to group the users into

clusters.
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Electricity usage has the tendency to vary for different days even for the same consumer
and the other challenge is the high dimensionality of the data. A time-based Markov
model was presented to form the dynamics of electricity usage. Also, a symbolic ag-
gression approximation (SAX) was used to reduce the dimensionality of the load curves
before the fast search and find of density peaks (CFSFDP) algorithm was applied for cus-
tomer segmentation [21]. Finally, CFSFDP and adaptive k-means were introduced for the

large data set.

Table 1 gives a brief summary of load profiling methods.

Table 1. Summary of the related work.

Techniques Methods Number of Clusters Refs.
Clustering - K-means, Hierarchical [9,6, 3 to 5] [3,19,20]
Neutral network - Self organizing maps [16] [17]
Statistical - Mixture and Markov [10] [7]

models
Fuzzy approaches - Fuzzy C-means 5] [1]
Hybrid methods - Method combination [16-18,21]

The load profiles are grouped such that the profiles with the same behavioural pattern be-
long to the same cluster and profiles that are different in different clusters. This means the
intra-cluster similarities are maximized contrary to the inter-cluster similarities which are
minimized. The K-means algorithm does not necessarily find the most optimal configura-
tion corresponding to the global objective function. Also, the algorithm is very sensitive
to the initial randomly selected cluster centroids. It is due to this reason that the genetic
algorithm is used to optimise the centroids. It complements the K-means algorithm in ob-
taining good cluster qualities for the load profiling. Despite these downsides, the K-means
algorithm is fast, efficient and has been adapted to many domains. It has the capability
to handle large data sets and it is easy to implement. And most importantly it gives good
results. This is the motivation for using the K-means algorithm in this work. A summary

of the K-means algorithm can be found in Table 2.
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Table 2. Summary of the K-means algorithm

Advantages Disadvantages Refs.
K-means - Simple - Sensitive to selection of initial cen- [22-24]
troids.
- Scalable and Efficient - Number of cluster has to be defined.
- Can handle big data - Sensitive to noise and outliers.
- Linear complexity - Local optimum solution.

The K-means algorithm terminates primarily if the data points in the respective clusters

are not reassigned to a different cluster or if the maximum number of allowed iterations

is attained. For this study, the latter is used.
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3 PROPOSED APPROACH FOR ELECTRICITY POWER
PROFILING

3.1 K-means clustering

The K-means algorithm is a partition clustering algorithm. It was introduced by J.B.
MacQueen in 1967 [25]. The algorithm is based on unsupervised learning used with
unlabeled multidimensional data. The goal of the algorithm is to group the unlabeled
multidimensional data into K clusters (K is fixed a priori). The K variable represents the
number of groups for the partition. It works by iteratively assigning data points to one of
the K groups based on the provided features. Each data point is assigned to one unique
group. The algorithm is favoured in many application areas such as computer vision,
image processing, business analytics etc. Its popularity is due to the simplicity and linear
complexity, defined as O(I = n x K * D), where I represents the number of iteration, n
is the number of input features, K is the cluster number and D is the dimension of the
features [26]. The K-means algorithm includes two steps: 1. Cluster Assignment step 2.
Move centroid step. In the cluster assignment step, the idea is to define K centroids for
the clusters, one for each cluster. The K-means result is sensitive to the initial centroids,
different initial centroid yield different results. Therefore, a good choice is to place them
farther away from each other. The next step involves examining each data point and assign
the data point to the closest centroid. In the move centroid step, the algorithm calculates
the average of all the data points in each cluster and the centroid is moved to that location.
This continues until no changes in the clusters occur or until some stopping criterion is
met. The algorithm aims at minimizing an objective function, which in this case is the

squared error function:

n

J=22 M =il

7j=1 =1

(D
where £ = number of clusters,
n = number of data points, and
||93§] ) ¢;||? is the distance metric used. That is the distance between the load profile asg-j )

and the cluster center c;. The distance metric used in this case is the Euclidean distance.

The Euclidean distance formula is given in Equation 2.
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T

d(x,c) = (xp — cx)?. (2)
k=1

Assuming X is the set of load profiles with X = x1,25,...,2, and V = vy, vo, ..., v 18

the set of cluster centroids, the K-means algorithm proceeds by the following steps:

1. ccluster centroids are randomly selected.

2. The distances between each load profile and the cluster centroids are calculated.
3. Assign the load profile to a cluster centroid with the minimum distance.

4. Recalculate the new cluster centroids as follows:

A ©)

i =1
¢; represents the number of data points in the i** cluster.
5. Recalculate the distance between each load profile and the new cluster centroids.

6. If no single load profile is reassigned to a cluster centroid ,the algorithm stops else

proceed to step 3.



19

3.2 Genetic algorithm

Genetic algorithms are biologically-inspired heuristic search optimization algorithm. They
are inspired by Charles Darwin’s theory of evolution i.e the survival of the fittest. The al-
gorithm exhibit the process of natural selection in which the fittest individuals are chosen
to reproduce the offspring of the next generation. The genetic algorithm essentially repli-

cate the way in which life uses evolution to find solutions to real world problems [27].

There are five phases considered in a genetic algorithm [27]:

1. Initial population
2. Fitness function
3. Selection
4. Crossover

5. Mutation

A brief description of these phases is given below:

Initial population

Population of randomly generated solutions to the problem. Clearly, randomly generated

solutions to the problem might not be too ideal.

Fitness

The fitness quantitatively evaluates how fit a given solution is or how fit individuals can
be produced from the given solutions i.e., the fitness ability of an individual to compete
with others. A fitness score is assigned to each individual, the selection of an individual

for reproduction depends on its fitness score [27].
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Selection

In the strive to achieve convergence, the best offsprings are selected as parents in the new

parental population. The selection of the offsprings are based on their fitness values [27].

Crossover

During crossover the genetic material of the parents are combined. This can be thought
of as mimicking the mating process in real life. By combining certain traits from two
or more individuals, the hope is that a *fitter’ offspring will evolve with the best traits

inherited from the parents [27].

Mutation

Mutation-operators provides random changes to the population by disturbing them. Mu-
tation typically allow very small changes at random to the individual genomes [27]. Mu-

tation maintains diversity within the population and help prevent fast convergence.

Termination

When convergence is attain the algorithm terminates. At this point it can be said that the

algorithm has provided a solution to the problem.

The GA cycle is given in Figure 3.

initialization —

tarmination

Figure 3. Genetic Algorithm cycle [27].
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4 EXPERIMENTS AND RESULTS

The proposed algorithms are implemented on Matlab R2017a version, on a Windows 10
machine with 8GB of RAM. The Matlab inbuilt function ’Kmeans’ and ’ga’ were used
for the implementation. The software provides flexibility in reading and displaying stored
files.

4.1 Description of data

The data set used in the experiment are time series hourly electricity consumption data for
13601 households in Southern Finland. The data are based on hourly loads recorded for a
span of one year. The rows in the raw data set represent the time-stamps and the columns

the respective customers. The dimension of the load data is 8760 x 13601.

4.2 Pre-processing

The given data set was pre-processed to remove missing values. In checking the load
data for missing information the Matlab inbuilt functions ’isnan’ was used. A single
user’s data was found with missing information. Only that particular user was excluded
from the final data set used for the experiments. The K-means algorithm, in this case,
uses the Euclidean distance metric. The Euclidean distance is known to be biased due
to the scale of the measurements, to this regard the raw electricity consumption data was
standardized, so that it has zero mean and unit variance. The following formula was used

for the standardization:

x=Eizm) )

g;

where X is the load profile data, i is the mean and o represent the variance. For each
respective user load, y; and o; represent the mean and variance respectively of the entire

data for that particular user.
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4.3 Dimensionality reduction

As the number of dimensions increases, the distance between any two points in the same
data sets converges (the maximum distance and the minimum distance between any two
points will be identical) [28]. This tends to be an issue with the Euclidean distance metric.
Reducing the dimensionality prior to the K-means clustering can alleviate this problem
and considerably help with the computation. The dimensionality reduction technique used

was adopted from [29].

To reduce the load profile data from n dimensions to N dimensions, the data was divided
into z equally-sized frames. The mean of all the data within this frame was computed and
a vector NV of all the mean values derived becomes the new representation of the original
data. This dimension reduction was needed only for deriving the annual profiles. The
whole data set was considered in building the annual profiles hence, the need to compress
the size of the data.

For this study, the data was divided into 24 equally-sized frames (8760 rows into 24 equal-
sized frames), 24 because each user provides 24 data points a day. In simple terms, the
average of the load data provided in a day represents the electricity consumption on that
particular day. For the annual load profiles, the dimension of the data is reduced from
8760 x 13600 to 365 x 13600. Figure 4 shows the full load profiles and the corresponding
dimensional reduced profiles. The dimensionality reduced profile was obtained by the

method describe above. It can be seen that the shape of the two profiles has not changed.
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Figure 4. Load profile of residential flats: (a) A full load profile. (b) Dimensionality reduced
load profile.
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4.4 Evaluation criteria

Various methods can be used to quantify the performance of a clustering algorithm as
well as to provide a technique for the selection of the appropriate number of clusters. The
evaluation criteria can be categorized as similarity-oriented and classification-oriented
[30].

In determining the optimal number of clusters, three validity indices Silhouette, David-

Bouldin and Calinski-Harabasz index were used:

4.4.1 Silhouette index

In silhouette analysis, the separation distance between the clusters is studied. It gives a
measure of closeness between the points in one cluster to the points in the neighbouring

clusters. The formal definition of this quality index was adopted from [31].

Let X = zq,...,xy be the load profile data set and let C' = cy, ..., ¢; be its clustering

in some k clusters. Let us denote d(xy,x;) to be the distance between x; and z;. Let

¢ =1l .., x{nj be the j** cluster where j = 1, ..., k and m; = |¢;l. af denotes the average
distance between the " vector in the cluster ¢; and the vectors in the same cluster. The

average distance a] is hence given by :

_ 1 e o
al = : Z d(zl,x}), i=1,...m;. (5)
My = L ik

The minimum average distance between the i vector ¢; and all the vectors clustered in

cluster ¢, , where k = 1,..., K and k # j is given as follows :

. 1 &= .
bl = min <— Zd(mf,xﬁ)),z =1,..,m;. (6)
My
k=1

n=1,....k,n#j

The i*" vector silhouette width in cluster ¢; is given below:

§l=— "1 (7)
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The silhouette width is in the range [—1, 1]. The silhouette of a cluster ¢; given as:

_ E J
Sj N m] i=1 " (8)

The algorithm for determining the optimal number of clusters using the Silhouette index

is given as follows:

1. Perform K-means clustering for the range of values of K.

2. For each value in the range, an average Silhouette was calculated for the observa-

tion.
3. A plot of the curve according to the average silhouette was generated.

4. The location of the maximum is the optimal number of clusters.

The Matlab inbuilt function ’evalclusters’ was used to achieve this.

4.4.2 Davies—Bouldin index

The Davies—Bouldin (DB) index was introduced in 1979 by David L. Davies and Donald
W. Bouldin. It is the ratio between the within-cluster distances and the between-cluster

distances and computing the average over all clusters [31].

The formal definition of the Davies-Bouldin index was adopted from [32]. Let J; denote

the mean distance of the point in the cluster ¢, to their centroids G*:

1 &
@zn—kleMf—G’“ll. ©)
=1

where Mf is the n-dimensional feature vector assigned to cluster ¢, and ny is the size of

the cluster. Let us denote also,

A, = d(GF,GF) = ||GF — G¥ . (10)
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that is, the distance between the centroid G* and G* of clusters ¢, and ¢;,. For all indices

k' # k, the Davies-Bouldin index is as follows:

K /
1 0+ 6
C= 7 ;:1 max/ (%) , where K = number of clusters. (11)

The algorithm to find the optimal value using the Davies-Bouldin index is similar to the

Silhouette method. The algorithm is given below as:

1. Perform K-means clustering for the range of values of K
2. For the values in this range, calculate the Davies-Bouldin index.
3. A plot is generated for each value of K.

4. The location of the minimum is considered to be the optimal number of clusters.

4.4.3 Calinski-Harabasz index

In the Calinski-Harabasz index, the comparison of the between-clusters variance to the
within-cluster variance is made. The index was first introduced in 1974. The formal

definition is derived from [32] and it is given as:

_ BGSS N-K

C=Wass X k-1

12)

where K represent the number of clusters, /V is the total number of load profiles. The
overall within-cluster variance is denoted WG S'S and the overall between-cluster vari-
ance as BGSS [32].

BGSS is calculated as the total sum of squares subtracted from WGS'S. The total sum

of squares is the squared distance of all the load profiles from the centroids.



The steps of the algorithm is given as follows:

1. K-means clustering is computed for values in the range K.
2. Derive the Calinski-Harabasz index for each value in the range.
3. Plot of the curve according to the derived Calinski-Harabasz index.

4. From the plot, the location of the maximum is the optimum value.

26
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4.5 Implementation of experiments

The experiment was divided into two stages. In the first stage, the clustering was per-
formed using the K-means method. For studying the annual weekday profiles, the week-
end loads were separated from the data before the clustering process. The motivation for
doing this was to study the electricity consumption pattern during the weekdays com-
pared to the weekends. It is expected that the load curves in the weekdays should vary
from the ones of the weekends for residential households. This is evident by the fact that
many residents should be away during working hours hence imposing some limitations

on electricity consumption. The clusters are studied for finding evidence of this.

When using the Matlab inbuilt function ’Kmeans’, the function’s default parameters were
used. The only change made was to the *'maximum number of iteration (MaxIter)’ which
was set to 1000 iterations (this was to provide more running time for the genetic algorithm
in the optimisation step). The load data for the clustering algorithm and the value for K
was also supplied. The outputs are the clusters computed for the load profiles and the
cluster centroids. To determine the value for the optimum number of clusters, a range
of values for K were considered. These values initially range from 2 to 20. The optimal
number of clusters was identified by using the Silhouette, David-Bouldin and Calinski-

Harabasz indices recorded for each of the value of K.

After the optimal number of clusters is known, the second stage of the experiment involves
the optimization of the centroids corresponding to the optimal K . The goal is to find better
cluster centroids. The Matlab inbuilt function *ga’ was used in the optimization. The steps

of the algorithm are given as follows:

1 A random selection of K X d load points are chosen from the load data. K is the

number of clusters and d represents the number of loads data.

2 Let c represent the cluster centroids and + = K x d which is the random selection

of the data points.

3 The fitness function in this case the Euclidean distance, minimizes the distance

between c and x.

4 To improve the quality of the clusters, the K-means clustering is repeated for the
second time. The output after the optimisation with GA now serves as the initial set
of centroids for the K-means algorithm. In short, the K-means algorithm was run

using random initial centroids (chosen from the data). The centroids provided by the
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K-means algorithm was optimised using GA. After the optimisation, the K-means
algorithm is rerun to cluster the data but using the output from the optimisation as

initial centroids.

The methods are known as ’K-means’ which is the standard K-means algorithm and *K-
means with GA’ which involves the standard K-means but with optimised initial centroids
by GA to achieve improved cluster quality.
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4.6 Results

4.6.1 Selecting the number of clusters for the annual load profiles

During finding the appropriate number of clusters, values ranging from 2 to 20 were
tested. The validity indices for each of these values are derived. In Figure 5 and Table 3,
the Silhouette, Davies-Bouldin and Calinski-Harabasz index indicates that the appropriate

number of clusters is 2 for the annual load profiles.

Table 3. Results of the three validity indices. Bold numbers denote the best values for the indices.

No. of clusters Silhouette Davies—Bouldin Calinski-Harabasz.
2 0.2151 2.5785 1594.8
3 0.1181 3.2887 1154.4
4 0.1136 3.0766 945.2
5 0.0922 3.5353 787.0
6 0.0756 3.4909 693.8
7 0.0748 3.3371 632.9
8 0.0747 3.2770 571.7
9 0.0615 3.3888 523.04
10 0.0577 3.3862 479.7
11 0.0631 3.3729 445.9
12 0.0568 3.2304 405.4
13 0.0587 3.4175 392.0
14 0.0514 3.6137 368.2
15 0.0563 3.1679 336.1
16 0.0501 3.5583 331.6
17 0.0511 3.5669 316.9
18 0.0451 3.6810 302.1
19 0.0424 3.7351 286.3

20 0.0427 3.8034 275.6
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Figure 5. Silhoutte, Davies-Bouldin and Calinski-Harabasz index.

The two clusters for the annual profiles are shown in Figure 6.
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Figure 6. Annual weekday load profiles, 3901 and 9699 load profiles in each respective cluster.
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4.6.2 Selecting the number of clusters for the daily load profiles

Similarly, the Silhouette, Davies-Bouldin and Calinski-Harabasz index indicates that the
appropriate number of clusters for the daily load profiles is also 2. The values of the three

validity indices are represented in Table 4. Figure 7 contains the plot of these values.

Table 4. Results of the three validity indices for the daily weekday load profiles. Bold numbers
denote the best values for the indices.

No. of clusters Silhouette Davies—Bouldin Calinski—-Harabasz.
2 0.4461 1.2454 7077.1
3 0.3555 1.4624 5603.0
4 0.3548 1.4032 4982.8
5 0.3326 1.3316 4591.6
6 0.3511 1.2797 4235.2
7 0.3282 1.3276 3968.7
8 0.3219 1.3375 3722.9
9 0.2908 1.3646 3497.2
10 0.2968 1.3701 3290.7
11 0.2936 1.3667 3119.5
12 0.2832 1.3751 2989.2
13 0.2745 1.3937 2838.8
14 0.2892 1.3666 2750.3
15 0.2864 1.3895 2649.7
16 0.2700 1.3904 2553.0
17 0.2671 1.3752 2473.6
18 0.2631 1.4035 2401.7
19 0.2696 1.3866 2266.1

20 0.2525 1.4264 2266.9
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Figure 7. Silhoutte, Davies-Bouldin and Calinski-Harabasz index.

In Figure 8 the two daily weekday load profiles are represented.

1 Cluster 1: 6910 Load profiles 14 Cluster 2: 6690 Load profiles
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Figure 8. Daily weekday load profiles, 6910 and 6690 load profiles in each respective cluster.
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Figure 6 and 8 present the new clusters for the annual weekday profiles and the daily
weekday profiles respectively. From the Figures, the clusters seem to show only two
groups of users i.e. users with a flat electricity consumption pattern and those users whose
electricity consumption varies across the year or day. An observation of the formed clus-
ters showed that a lot of averaging occurred and some potential unique traits of the respec-
tive users are not exhibited. Also, considering the number of users in the data, 2 clusters
is too small to represent the electricity consumption behaviours of these users. Previous
work considered in this study had the optimum number of clusters higher that 2 as seen in
Table 1. Therefore, it is safe to argue that 2 is not appropriate for the categorization of the
load profiles. Other ways of choosing the appropriate number of clusters were examined.
A different range of values needs to be considered for the appropriate number of clus-
ters. The Davies-Bouldin index is chosen because the other two validity indices, in this
case, do not seem to be the appropriate method for selecting the number of clusters. The
Davies-Bouldin index values that seem to be the potential solutions are looked at, these
values are 4, 8, 12 and 15 for the annual weekday load profiles and 6 and 14 for the daily
weekday profiles. Before the potential Davies-Bouldin values are analysed in detail ,we

first study the the within-cluster sum of squares for both the daily and annual load profiles

4.6.3 The within-cluster sum of squares for annual load profiles

To further analyze the appropriate number of clusters, the within-cluster sum of squares
was applied. The degree of variability of the load profiles in each cluster is given by the
within-cluster sum of squares (WCSS). The WCSS decreases as the number of clusters
increase. The appropriate number of clusters can be selected this way, the hint is to choose

the number of clusters from which the WCSS drop is not very large.

In Figure 9, the WCSS drop is not large around 8 therefore, the annual load profiles can
be categorized into 8 clusters.

The WCSS is supposed to decrease and stay low as the number of clusters increase. The
situation is different when the number of clusters is 12 and 15, the WCSS increased in-
stead of staying low. The percentage of variance as a function of the number of clusters
is looked at. A number of clusters should be chosen so that an addition of another cluster
does not give a better modelling of the data. In this view, even though the WCSS drop did
not stay low at 12 and 15, the two values do not give a much better result than when the

number of clusters was 8.
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Figure 9. Within-cluster sum of squares for annual load profiles.

4.6.4 The within cluster sum of squares for daily profiles

The within-cluster sum of squares is also utilized to study the appropriate number of

clusters for categorizing the daily load profiles. Figure 10 provides the WCSS plot.
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Figure 10. Within-cluster sum of squares for daily load profile.
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From the plot in Figure 10 it is seen that the WCSS drop is not substantial around cluster
6 and 7. These values can, therefore, suggest the appropriate number of clusters. The
WCSS did not stay low for all the values analyzed. At 12 the WCSS increased instead of
dropping. The same argument used with the annual load profiles also applies here. The

value at 12 is still lower than the value at the appropriate number of clusters.

4.7 The cluster representation for the annual load profiles

For each of the cases considered, i.e., Case 1, Case 2, Case 3 and Case 4 (Corresponding
to 4, 8, 12 and 15 clusters respectively), the number of profiles in each case is given in
Table 5.

Table 5. The number of consumers in each of the cases considered above.

Cluster Case 1 (4 profiles) Case 2 (8 profiles) Case 3 (12 profiles) Case

4 a5
profiles).

1 1538 942 850 794

2 2166 1068 497 466

3 4610 3809 525 2142

4 5286 1244 569 410

5 ° 2304 1477 460

6 ° 850 289 242

7 ° 742 487 437

8 ° 2641 1811 683

9 ° ° 569 1619

10 ° ° 2659 1799

11 ° ° 1384 1235

12 ° ° 2483 1481

13 ° ° ) 385

14 ) ) . 1044

15 ° ° ° 403
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Case 1: 4 Annual weekday profiles

In Cluster 1 found in Figure 11, a peak appeared in the first month of the year. The high
electricity consumption rate declined as the year proceeds, this trend continued until mid-
year. Generally, the weather in Finland is friendlier around this time of the year hence
electric heating is not a necessity, evident in the relatively stable electricity consump-
tion showed. Around the end of the year, the consumption rates are shown to be high
once again, this rise in the pattern of consumption is attributed to the drop in temperature
which is experience around the beginning of the winter season. Another peak in elec-
tricity consumption was observed at this time. This profile represent residential homes
where district heating is not provided so resident have to result to providing heating for
themselves during the winter period. Some confidence can be given to this claim due to

the major peaks recorded around the time when the temperatures are very low.

Cluster 1 Cluster 2 Cluster 3

Consumption
Consumption
Consumption

1 51 1M 151 201 251 1 51 101 151 201 251 1 5 101 151 201 251
days days days

Cluster 4

Consumption

1 51 101 151 201 251
days

Figure 11. Case 1: 4 Annual weekday profiles.

In Cluster 1 found in Figure 11, a peak appeared in the first month of the year. The high
electricity consumption rate declined as the year proceeds, this trend continued until mid-
year. Generally, the weather in Finland is friendlier around this time of the year hence
electric heating is not a necessity, evident in the relatively stable electricity consump-
tion showed. Around the end of the year, the consumption rates are shown to be high

once again, this rise in the pattern of consumption is attributed to the drop in temperature
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which is experience around the beginning of the winter season. Another peak in elec-
tricity consumption was observed at this time. This profile represent residential homes
where district heating is not provided so resident have to result to providing heating for
themselves during the winter period. Some confidence can be given to this claim due to

the major peaks recorded around the time when the temperatures are very low.

In Cluster 2 of Figure 11, the electricity consumption during the beginning of the year
showed a stable behaviour, but a peak in the consumption rates was recorded during the
middle of the first month (roughly around the 15*). This rise in consumption corresponds
to the beginning of the year when temperatures are at their lowest. The consumption rate
became stable for the rest of the year. The consumption rate takes up again around the
end of the year when little peaks are seen to appear. These are most probably houses with
electrical heating. The difference between this profile and the first profile in Figure 11 is

that the consumption rate showed a more stable behavior.

In Cluster 3 of Figure 11, a low but noticeable peak appeared around January after which
the behaviour of the profiles recorded a stable but downwards trend, this pattern stays
consistent. Around June/July, the consumption rate declined even further. At this time, the
days are normally warmer compared to the rest of the year. A stable increase is recorded
right afterwards. The customers in this profile can be attributed to residential homes were
a form of air conditioning or cooling system is absent. The absent of a cooling system is

noticeable in the downward trend in consumption rates exhibited for warmer days.

The profiles in Cluster 4 of Figure 11 recorded a stable consumption pattern in electricity
usage in the beginning of the year. A rise in the electricity consumption begins shortly
afterwards, evident in the peaks seen at roughly around June. This profile is attributed to
residential homes in which some form of cooling system is present. This should explain
the peaks around that time of the year when temperatures are normally not low. The major
peaks declined at around July/August. The pattern stays almost the way through the rest

of the year. As the year elapsed the consumption rates began to increase again.

Case 2: 8 Annual weekday profiles

Cluster 1, 2, 4 and 5 of Figure 12 show similar consumption behaviour to profiles in

Figure 11 i.e, Cluster 1, 2, 3 and 4 respectively.

Cluster 3 of Figure 12 showed the same pattern of energy consumption throughout the



38

Cluster 1 Cluster 2 Cluster 3

Consumption
Consumption
Consumption

1 51 101 151 2001 251 1 51 101 151 2001 231 1 51 101 151 2001 251
days days days
Cluster 4 Cluster 5 Cluster 6
10 10 10
c c c
] K] k]
g g0 g
= = =
& - -
aQ aQ aQ
a 4] o rm !I 1
5 5

1 al 101 151 2001 251 1 al 101 151 201 251 1 al 101 151 201 23
days days days
Cluster 7 Cluster 8

Consumption
Consumption

1 a1 101 151 2001 251 1 a1 101 151 201 251

Figure 12. Case 2: 8 Annual weekday profiles.

year. An increase in the electricity consumption is seen in the form of peaks during the
early months of the year, but this phenomenon did not last long as the constant pattern
continued. Besides few individual peaks, a major peak also occurred at the end of the

year.

In Cluster 6 of Figure 12, a rise in the energy consumption is recorded after June. In this
profile, as the end of the year approach, the rate of electricity consumption is noticeably

seen to be on the rise. Also, some major peaks formed at the latter end of the year.

In Cluster 7 of Figure 12, the consumption pattern showed almost the same behaviour as
Cluster 3 of the same figure. The only noticeable difference is that as the year progressed
a decline in the energy consumption is seen in Cluster 7. This trend stays consistent for
the whole year. Besides few individual peaks, no major peaks can be seen. These profiles

can be attributed to load curves produced by industrial or commercials customers.

The consumption of electricity by users in Cluster 8 of Figure 12 began very stable. De-
spite few individual peaks shown by different users. The energy consumption behaviour
remained very much the same until around May. A steady rise in energy usage is no-

ticed around June. This trended until the end of the year. The consumption rate slightly
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declined at some point, but quickly took up again as the year ends.

Case 3: 12 Annual weekday profiles

In Figure 13, some of the clusters formed have already been seen and addressed previ-
ously, i.e., in Case 1 and 2. Some new profiles different from those found have also been
created. The profiles show some similarity visually, for instance, Cluster 8, 9 and 11.
The most noticeable characteristic exhibited by these clusters is the decline in the energy

consumption rates as year advances.
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Figure 13. Case 3: 12 Annual weekday profiles.

A minor rise in the electricity consumption is observed in Cluster 7 of Figure 13. Al-
though these peaks are very much noticeable, they are not major peaks. The peaks stayed
constant until February, but promptly declined afterwards. At roughly around June, the
consumption pattern begins to rise gently. This steady rise is noted throughout the year.

This profile can be associated with homes where district heating is absent as evident in the
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rise and decline of electricity consumption, i.e., energy is demanded more in the colder

months and less in the warmer seasons. Cluster 2 and Cluster 7 have a similar pattern of

electricity consumption, However, the peaks in the beginning of the year for Cluster 2 are

stronger and more prominent.

Case 4: 15 Annual weekday profiles

Like Figure 13, some of the profiles in Figure 14 have already been met. Again, after

Case 2, the resulting clusters of the other cases are not very distinct in many ways. In
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Figure 14. Case 4: 15 Annual weekday profiles.

Figure 14, Cluster 8, 9, 10, 11 and 15 are very related and perhaps these profiles should

not form individual clusters but rather be together. The same implies to cluster 5 and 13.
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4.8 The cluster representation for the daily load profiles

For each of the cases considered for the daily load profiles i.e. Case 1 and Case 2 (Cor-

responding to 6 and 14 clusters respectively), the number of profiles in each case is given
in Table 6.

Table 6. The number of users in each of the cases considered for the daily load profiles.

Cluster Case 1 (6 profiles) Case 2 (14 profiles).
1 2333 881
2 4150 1990
3 1499 377
4 2390 1142
5 1059 374
6 2169 1373
7T e 1308
8 e 431
9 e 1005

10 e 893
11 e 1660
12 e 1340
13 e 396
14 o 430

Case 1: 6 daily weekday profiles

In Cluster 1 of Figure 15, during the early hours of the day, the need for electricity remains
moderately low. At about 6 : 00 the demand for energy increased. This trend continued
until 14 : 00 when finally the demand subsided. This decrease in electricity consumption
continued throughout the day. In this profile, the energy requirements were high in the
mornings and a greater part of the afternoon when the demand started to decline. This can
be attributed to homes were residents spend a good part of the mornings and afternoons at
home. This profile might indicate households were residents are away from their homes
at mid-day, perhaps they work in the evenings and nights. It can also indicate profiles for

restaurants and small cafeterias. A closer look at the profile supports this claim.

The pattern of energy consumption is somewhat higher at 1 : 00 in Cluster 2 of Figure 15
compared to the other hours (in the same profile). A reduction in the electricity usage is

evident from around 5 : 00, this steady decrease trended for a couple of hours until 9 : 00
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Figure 15. Case 1: 6 daily weekday profiles.

when a slight rise is noticed. From 12 : 00 to 16 : 00 the consumption rate was steady.
No major peaks are detected. Starting from 17 : 00 the demand for electricity increased,

but at a steady rate. This pattern remained until midnight.

Cluster 3 and Cluster 6 of Figure 15 are comparable in some ways. The only obvious
difference is that instead of the profile showing almost identical pattern of power con-
sumption the entire day, the profiles in Cluster 3 showed some upward and downward

trend.

In Cluster 4 of Figure 15, shortly after 7 : 00 a greater need for energy was registered by
the users in the profile. This trended during the mornings, afternoons and the evenings.
This profile is distinct from the previous profiles in that the peaks occur at around 19 : 00.
At 20 : 00 the demand for electricity for the first time in many hours began to drop.
This fall in power consumption corresponds to the bedtime of many working people. The
pattern of electricity consumption is identified to be on the rise throughout the day, this

can indicate households were the devices are left switched on even when not in use.

The early part of the morning manifested a low energy consumption rates for the users
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of Cluster 5 of Figure 15. By 7 : 00, the energy requirement of the users increased. The
need for energy increased relatively with every passing hour. At 14 : 00 the consumption
rate peaked. This plateaued towards 16 : 00 when demands began to fall. There was no
other significant need for energy onward. Users in this profile showed an urgent need
for electricity in the afternoons compared to the night time. The users majorly showed a
decline in energy at 19 : 00 and this trend lasted for the remainder of the day.

In Cluster 6 of Figure 15, the power consumption remained relatively the same for the
whole day. Besides few outliers, the pattern of consumption stays almost the identical.
This profile can be attributed to users with a very stable power consumption behaviour.

This profile can indicate industrial or commercial users.

Case 2: 14 daily weekday profiles

In Figure 16, the electricity consumption nature of some of the user profiles are alike. The
profiles vary only in the time of the day the demand for energy peaked. For example, In
Cluster 4 and 5 of Figure 16, the shape of the two user profiles are similar, however, the
daily peaks occurred at a different time in both profiles. The same refers to Cluster 11 and

9 as well as Cluster 8 and 10 of the same Figure.
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Figure 16. Case 2: 14 daily weekday profiles.

4.8.1 Similarity measure for annual profiles
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The similarity of the annual load profiles based on the cluster representation in Figure 11,

12, 13 and 14 was derived by computing a two-sample Kolmogorov-Smirnov test. The

Kolmogorov-Smirnov test is a non-parametric test and it confirms whether two samples

come from the same distribution. The strategy is to use the Kolmogorov-Smirnov test to
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detect how close the centroids of the cluster representation produced are (i.e, the white
line or curves in the plots). The null hypothesis is that both profiles are sampled from
the same distribution against the alternative hypothesis that they are not sampled from the
same distribution. Table 7, 8, 9 and 10 show the similarity matrix formed by using the
Kolmogorov-Smirnov test. The cases that seem to be the potential solution, i.e, 4, 8, 12
and 15 clusters are examined respectively. A 0 means the null hypothesis is accepted and

1 means the null hypothesis is rejected.

Table 7. CASE 1: Similarity measure for 4 annual load profiles.

Cluster 1 2 3 4
1 01 1 1
2 1 0 1 1
3 1 1 0 1
4 1 1 1 0

Table 8. CASE 2: Similarity measure for 8 annual load profiles.

Cluster 1 2 3 4 5 6 7 8
| 01 1 1 1 1 11
2 1 0111111
3 1 1.0 1 1 1 1 1
4 11101 1 11
5 1 111 01 01
6 11111011
7 1 111 01 01
8 I 1111110




Table 9. CASE 3: Similarity measure for 12 annual load profiles.

Cluster 1 2 3 4 5 6 7 8 9 10 11 12
1 o1 1111111 1 1 1
2 1 01111 111 1 1 1
3 1 101 11111 1 1 1
4 1 11 01 1 111 1 1 1
5 1 11101111 1 1 1
6 1 11 1 1 01 1 1 1 1 1
7 1 1111 1 01 1 1 1 1
8 111111101 1 1 1
9 1 11111110 1 1 1

10 1 11111111 O 1 1
11 1 11111111 1 O O
12 1 11111 111 1 O O

Table 10. CASE 4

: Similarity measure for 15 annual load profiles.

Cluster 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 011111111 1 1 1 1 1 1
2 1 o111 1111 1 1 1 1 1 1
3 1101111111 1 1 1 1 1
4 111011111 1 1 1 1 1 1
5 111101111 1 1 1 1 1 1
6 111110111 1 1 1 1 1 1
7 111111011 1 1 1 1 1 1
8 111111101 1 1 1 1 1 1
9 111111110 1 1 1 1 1 1
10 111111111 0 1 1 1 1 1
11 111111111 1 O O 1 1 1
12 111111111 1 O O 1 1 1
13 111111111 1 1 1 0 1 1
14 111111111 1 1 1 1 0 1
15 111111111 1 1 1 1 1 O
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In case 1, i.e, Table 7, the centroids of the respective user profiles do not come from the

same distribution according to the analysis. The value 1 in the table indicates that the null

hypothesis is rejected. In case 2, i.e, Table 8 the centroids of Cluster 1, 2, 3, 4, 6 and 8

do not result from the same distribution as well. However, the scenario is different when

the centroids of Cluster 7 and 5 are examined. As seen in Table 8 they are similar. In case

3 and 4 1.e, Table 9 and Table 10 respectively two cluster centroids are similar in each

case i.e, Cluster 11 and 12. The remaining cluster centroids do not display any similari-

ties according to the Kolmogorov-Smirnov test. The purpose of the Kolmogorov-Smirnov
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two-sample test is to drive the appropriate number of clusters through the measure of sim-
ilarities between the cluster centroids. If the distribution of two clusters centroids under
consideration are identical, then the idea is that they should perhaps be merged to form
one cluster. For the annual load profiles, this test does not seem to be the right way of
measuring the similarities of the clusters given that as the number of clusters increase, we
expect the similarity between the clusters formed to be great. This is not the case here and
one possible explanation is that the lack of similarities might be as a result of the averag-
ing at the preprocessing stage. However, as a start, the appropriate number of clusters for
the annual load profiles cannot be 4 mainly because the second potential number for the
appropriate number of clusters (8 clusters) produced new and unique profiles that were
not seen before. The remaining possible numbers ( 12 clusters and 15 clusters) are big to
represent the electricity consumption behaviour of the customers, the cluster representa-
tion of these users produced load profiles that are similar in shape and behaviour. Finally,
the WCSS drop for the annual load profiles is not large around 8, also for the potential
numbers studied, 8 is a good number and the uniqueness of the profiles created using 8
clusters gave assurance to this choice. For these reasons, 8 is chosen as the appropriate

number of clusters for the annual load profiles.

4.8.2 Similarity measure for daily load profiles

The similarity measure for the daily profiles was performed using the Kolmogorov-Smirnov
test. This is the same test done for the annual load profiles. Table 11 and 12 show the
relationship of the cluster representation based on the cases considered as the appropriate
number of clusters, i.e, 6 clusters and 14 clusters respectively. For each of these cases,
the daily load profiles were generated using 6 and 14 clusters. For each case of the clus-
ter representation, the similarity between the clusters in each case was studied using the

Kolmogorov-Smirnov test.

Table 11. CASE 1: Similarity measure for 6 daily load profiles.

Cluster 1 2 3 4 5 6
1 0O 1 1 0 1 1
2 1 01 1 1 1
3 1 1 01 1 1
4 01 1 0 0 1
5 1 1.1 0 0 1
6 1 1.1 1 1 0
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Table 12. CASE 2: Similarity measure for 14 daily load profiles.

Cluster 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 011111010 O0 O 1 1 O
2 1 o111 1011 1 1 1 1 1
3 110111111 1 1 1 1 1
4 1 110010O0O0CO0O O O O O
5 1 11001100 1T 1 1 0 1
6 111110111 1 1 1 1 1
7 0o o0101101°O0 0 O 1 1 1
8 111001100 O0 1 1 0 1
9 01 10010O0O0TO0O O 1 0 1
10 o01r101100O0O0O O O O O
11 o1 1ro0110o010 0 0 1 1 1
12 111011111 0 1 O 1 O
13 111001100 O0 1 1 0 1
14 011011111 0 1 0 1 O

In case 1, i.e, Table 11, the centroids of Cluster 4 and 5 are similar according to the
Kolmogorov-Smirnov test. The remaining user profiles are different according to the
same test. In the second case of the daily load profiles, i.e, Table 12, the similarity between
these load profiles are higher. An increase in the number of profiles results in users with
similar electricity consumption patterns ending up in different clusters. This explains the
high similarity in Table 12. Cluster 3 and 6 are the only distinct profiles in the table, the
rest of the clusters have one or more users profiles they are similar to. Due to the high
similarity in Table 12 the appropriate number of clusters for the daily load profiles cannot
be 14 clusters. This leaves only one choice for the appropriate number of clusters, i.e,
the clusters in Table 11 . The similarity measure is intuitive in the case of the daily load
profiles. Cluster 4 and 5 in Table 11 are not only similar according to the Kolmogorov-
Smirnov 2 sample test but also have a similar pattern of consumption. These load profiles
can be merged. Hence, the appropriate number of clusters for the daily load profiles is,

therefore, 5 clusters.

4.8.3 Annual weekend load profile

The annual weekend load profiles were created using 8 clusters (the appropriate num-
ber of clusters for the annual load profiles is 8). The electricity consumption during the
weekdays for the load profiles that are considered to indicate residential households is

presumed to vary considerably from the weekend’s consumption patterns (working class
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resident spend more time at home during the weekends). For the industrial and commer-
cial customers, the production rate is lesser during the weekends (businesses open and
close production differently during the weekends). The electricity consumption pattern is
also impacted by this. As a consequence, the annual weekend load profiles were obtained

and compared to the annual weekday load profiles already addressed in Figure 12.
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Figure 17. Annual weekend load profiles.

Ignoring the position of the clusters in the respective figures, the weekend load profiles
and the weekday profiles are comparable. However, some differences can be noted. In
Cluster 2 of the weekend load curves, the electricity consumption is below 5 kw whereas
in the weekday load profiles many of the profiles have consumption rates above 5 kw.
Also, all the users in the weekend profile have consumption below 10 kw except for few
users in Cluster 3 and Cluster 8. In the weekday profiles many of the profiles have users
whose power consumption rates are above 10 kw. The consumption of energy is higher

during the weekday in comparison to the weekends.
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4.8.4 Refining annual load profiles

As seen previously, the number 4, 8, 12 and 15 were identified as the potential value for
the appropriate number of clusters in the case of the annual load profiles. The cluster
representation for each of these cases have been presented already and the characteristics
of the respective user profiles elaborated. In this subsection, the cluster representation of
these numbers is replicated using a different method. The clusters are formed by providing
the initial centroids to the K-means clustering algorithm rather than relying on the random
initial centroids selection as was the case previously. To ensure that the global optimum is
attained, these initial centroids were optimised using the GA. The clusters for the various

cases of the annual load profiles are given in Figure 18, 19, 20, 21.
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Figure 18. 4 Refined annual load profiles.
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Figure 21. 15 Refined annual load profiles.

As expected the replication of the load profiles using a different method yielded similar
profiles as before. In the first instance, for example, the four clusters produced are similar
to the clusters found in Figure 11. The same implies to Figure 12, 13 and 14. The
position of the load profiles might be different in each respective figure, but these profiles
look alike. In Figure 21, Cluster 10 is empty (the cluster contains only the initial centroids
value). Figure 14 has the same number of clusters as Figure 21 however, no empty clusters

are produced in the former. This is one noted different.
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4.8.5 Refining daily load profiles

The daily load profiles were also replicated using the same method described for the
annual load profiles. In the annual load profiles replication, it has been seen that the
shapes of the load profiles or pattern of electricity consumption did not change despite
the method used. The same characteristics were also exhibited during the daily load
profiles refining. Figure 22 and 23 contain the refine daily profiles. The load profiles
were generated using the potential appropriate number of clusters discussed earlier (6 and
14 clusters).
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Figure 22. Case 1: 6 Refined daily load profiles.
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4.9 Method comparison

The two methods were compared in order to determine if the optimization process will, in
fact, improve the clustering result. Since the clusters produced via the different methods
are similar visually, a way is needed to compare the performance of the methods. The
validity index values (Silhouette and Davies-Bouldin) for the two methods were computed
and compared. Each of the cases of the annual load profiles were compared to their
corresponding refined clusters. Table 13, 14, 15 and 16 give the validity index of the two

methods.

Table 13. Case 1 with 4 annual load profiles: Results of the two validity indices. Bold numbers
show the best index value.

Methods Silhouette Davies—Bouldin
Kmeans with GA 0.1136 3.0778
Kmeans 0.1136 3.0778

Table 14. Case 2 with 8 annual load profiles: Results of the two validity indices. Bold numbers
show the best index value.

Methods Silhouette Davies—Bouldin
Kmeans with GA 0.0741 3.2759
Kmeans 0.0741 3.2816

Table 15. Case 3 with 12 annual load profiles: Results of the two validity indices. Bold numbers
show the best index value.

Methods Silhouette Davies—-Bouldin
Kmeans with GA 0.0590 3.3956
Kmeans 0.0580 3.4046

Table 16. Case 4 with 15 annual load profiles: Results of the two validity indices. Bold numbers
show the best number index value.

Methods Silhouette Davies—Bouldin

Kmeans with GA 0.0568 3.2626
Kmeans 0.0508 3.6130
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From Table 13, the validity indices for the two methods are the same. This means refining
the clusters did not improve or decrease the quality of the clustering results in that case. As
the number of clusters increased it is noticed that refining the clusters slightly improved
the quality of the clustering result. This can be observed in Table 14, 15 and 16. The two
validity indices test did indeed support our assumption that the optimisation of the initial

centroids values using GA will improve the quality of the load clustering results.
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S DISCUSSION

During the experiment, an emphasis was placed on clustering the load data into their
respective groups. These profiles have potential in helping the energy company in the
identification of unknown user electricity profiles. The load profiles can also be very
useful in studying the behaviour of known profiles in the case that the consumption pattern
changes from the known behaviours. The load profiles derived from this study can be
useful in modelling the new pattern of behaviour by associating the pattern to already
known behaviours formed during the clustering process. And finally, the clusters can
serve as initial representatives for a classification algorithm that requires the availability

of a training data set. To this regard, the accuracy of the clusters is important.

The accuracy of the clusters depends largely on selecting the appropriate number of clus-
ters. Similar studies suggested different numbers for the appropriate number of clusters.
The number of clusters ranges from 10, 15 to 20 for some studies and as low as 3 for
the others. Considering these studies are not conducted in Finland (the electricity con-
sumption can be affected by the geographical location), a method for selecting the right
number of cluster for this case study was needed. Selecting the number of clusters pre-
sented a challenge for this study. Similar work conducted in Finland dates back to the
1980s (this study has not been able to find a recent work done in Finland were the num-
ber of clusters has been suggested) and the consumption behaviour is believed to have
changed ever since. Examining the clusters formed using the potential number of clus-
ters for the different cases considered and the WCSS to some extent as well as with the
Kolmogorov-Smirnov two sample test to study the similarity of the clusters, visually the
selected clusters exhibit unique characteristics. This has given confidence to the choice
of the appropriate number of clusters considering the validity indices initially suggested

a very low number as the appropriate number of clusters.

The main motivation of using the GA was for improving the quality of the load profiles
formed through the K-means clustering. This is very important in ensuring that a user
is clustered in the right group. The energy company cannot create plans for every single
user, clustering the users into groups will mean energy plans are created for similar users.
These plans cannot be sensitive. If users are assigned to the wrong cluster then the plans
cannot be trusted. Also, in creating plans for predicting the electricity usage of a customer,
the user has to be in the right group for this plan to work. This is the benefits GA ensures.
The annual cluster quality are shown to be improved in certain cases by initial centroid

optimization using GA.
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From the different profiles formed after the clustering process, we see differences in the
characteristics exhibited by each respective profile. In the daily profile, similarities exist
in the consumption behaviour shown in the early hours of the morning, the demand for
electricity during these hours are shown to be very low. This behaviour is shown by all
profiles believed to indicate residential homes. Some daily load profiles showed some
evidence of a peak in the consumption rates during a certain time of the day. These
peaks occurred at fairly different hours showing how the demand for electricity differs in
each profile. Also, most of the daily profiles formed exhibited a decrease in the need for
electricity before midnight. Most of the profiles showed this common behaviour. This
shows that the demand for electricity by the customers in Southern Finland is limited at

night and the early mornings compared to the daytime.

The annual profiles also showed some unique characteristics. In the winter season, for
instance, residential homes with no district heating showed a higher rate of consumption
in colder days in comparison to homes where district heating is believed to be present. In
June, most of the profiles showed a decrease in energy consumption. Few annual profiles
showed no difference in the consumer behaviour across the entire year. This was believed
to indicate the industrial or commercial establishments. In a supermarket, for example,
the rate of electricity needed to preserve the food commodities is always the same despite
the season. This explains the consistent behaviour of these profiles. The evidence of the

colder and warmer seasons are clearly exhibited by some of the load profiles formed.

The daily profiles showed similar behaviour across the week. The daily peaks are seen
to occur approximately at the same time during the day across the entire week. Based
on this knowledge, the prediction of a user’s electricity usage with similar consumption
behaviour as the load profiles already created can be easily achieved. This fact is clearly

shown when the weekly profiles are considered.
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6 CONCLUSION

In this master’s thesis, different methods for electricity load profiling was studied. A
common method to cluster a large load data into groups with similar characteristic was
chosen. A popular data mining algorithm called the K-means clustering algorithm was
used in achieving this objective. The appropriate number of clusters was verified through
the use of the Davies-Bouldin validity index and the WCSS to some extent.The load data
was successful group together in a cluster, in which each cluster consisted of electricity
users with similar consumption behaviour. Considering some of the downsides this algo-
rithm is known to exhibit an evolutionary genetic algorithm was proposed to complement
the K-means clustering. The results show that the GA has, in fact, slightly increase the

accuracy of the clustering results in certain cases.
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