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1.0 INTRODUCTION

The ever-growing energy demand, forcing 
environmental issues and economic considerations 
have made a number of Distributed Generation 
(DG) using renewable resources such as wind 
energy, solar energy, biomass and hydro to come 
up. Many countries have set up incentives and 
policies to promote generation from RES, which 
results in a significant growth of Distributed 
Generations in the past decade. The rising number 
of DGs poses challenges for the power system. 
With the liberalization of the electricity market, 
DGs will have the opportunities to participate 
in electricity markets. The high risk of not 
meeting the scheduled demand makes the market 
participation of DG difficult. Also, there are 
some other integrating challenges like resource 
intermittency, voltage regulation, reactive power 

compensation, energy storage and cost benefit 
analysis [1&8]. A VPP enables the participation 
of large number of DGs in electricity markets in 
spite of these problems.

2.0 VIRTUAL POWER PLANT

VPP is an entity which has distributed generation, 
controllable loads, energy storage system and 
two way communication systems. Also, it is 
participating in market activities and encouraging 
DGs to contribute in market activities irrespective 
of grid connection and distance as shown in 
Figure 1

2.1	 Definition	of	VPP

VPP can be defined as “A flexible characterization 
of a Distributed Energy Resources (DER) that 
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can access and gain knowledge across all energy 
markets and can get benefit to maximize its 
revenue opportunities [2&10].”

FIG.1 COMPONENTS OF VPP

2.2	 Components	of	VPP

An ideal VPP consists of three main components, 
Generation Resources, Energy Storage Systems 
(ESS) and Information and Communication 
Technologies (ICT) [11].

•	 Generation Resources

Generation can be either distributed generation or 
conventional generation already connected to the 
grid. 

•	 Energy Storage Systems (ESS)

ESS and its elements play an important role in 
bridging the gap between the supply and demand, 
particularly in the presence of high penetration 
of DGs. ESS can store the energy during low 
demand periods and feed it during the high 
demand periods. ESS plays an important role 
in the technical function and financial benefits. 
Technical role of ESS includes grid frequency 
support, load leveling/ peak shaving, spinning 
reserve, power quality improvement and power 
reliability [3]. 

•	 Information and Communication Technology 
(ICT)

Information and Communication Technology 
is the important element for VPP. ICT plays an 
important role in generation scheduling, pricing, 
grid constraints and grid status, etc.

3.0 CUSTOMER SEGMENTATION 
TECHNIQUES

Clustering is the basic tool used to segregate 
the electricity customer belonging to same 
consumption levels. Segmentation helps not only 
in competitive energy trading but also in inter 
and intra regional energy exchange. It also, helps 
many customers understand the electricity market 
policies and their consumption patterns. Based on 
the knowledge of segmentation, a customer can 
change their electricity utilization plans cost-
effectively and optimally [4].

•	 Methodologies of segmentation:

Electricity customer segmentation is associated 
with load pattern of the customer. Segmentation 
is used to segregate the electricity customers 
belonging to same load pattern into the same 
clusters. Various clustering techniques like 
hierarchical clustering, K-means and fuzzy 
K-means are generally used to segregate customers 
with similar consumption behaviour[12].

3.1	 Hierarchical	clustering

It is following bottom-up aggregation or top-
down split of clusters for given data until the 
clustering result is formed. Then, all similar pair 
of clusters will be forming a single cluster based 
on some criteria. This procedure will repeat until 
all the clusters becoming a part of the single large 
cluster. 

The process of hierarchical clustering is 
easy to implement. However, there are some 
disadvantages: 1) A few points that outline a 
link between two clusters make this clustering 
method to unify these clusters into one. 2) It may 
cause enlarged clusters to split and for portions of 
adjacent enlarged clusters to combine [5].

3.2	 K-means	Clustering

K-means clustering is an unsupervised learning 
algorithm. It groups a data set of N customers 
in K clusters. Initially, a guess is made for the k 
cluster centroids C(k), for k = 1,..., K (generally 
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preferred at random among the customers of the 
data).  The centroids are used to segregate the 
customers into clusters, so the better the size of 
clusters, the better result and values of centroids 
are recalculated. These steps will be repeated 
until the data points are formed into clusters [6].

The Procedure of K-means is simple and it uses 
the sum of the squared distances to the cluster. 
But, the drawbacks of K-means are: 1) Random 
selection of cluster size can affect the entire result, 
2) Mostly, Normalization is done by standard 
deviation, 3) Finding the number of clusters is 
very difficult.

3.3	 Fuzzy	K-means	clustering

FIG.2    FLOWCHART OF THRESHOLD-BASED 
CLUSTERING

Fuzzy K-means clustering is relatively connected 
with k-means clustering, but each customer x 
(d) has a degree of membership an (d, k) to all 
possible cluster k. The process is initialized by 
choosing C(k) as cluster centroids and allotting 
grade of membership with the k centroids to the 
N customers of data. Every cluster centroid C(k) 

is updated with the fuzzy mean of each and every 
customer regarding the cluster k. The procedure 
is repeated until stabilization of the cluster 
centroids. Moreover, the number of clusters and 
membership criteria are defined by trial-and-error.

There are some shortcomings when using the 
fuzzy K-means algorithm. 1) Its initial cluster 
numbers might be inaccurate in an outlier 
environment. 2) There will be distributions and 
sparseness on clusters [7].

Customer segmentation process supports the 
decision-making of different stakeholders like 
DERs, DSOs and Policy makers. Some papers 
have discussed about malicious data identification 
and correction, and load forecasting based on 
electrical customer segmentation. Also, it helps 
to plan power transaction from prosumer and/or 
generation, demand response, it can improve the 
appropriateness of tariff design, etc [8].

4.0 PROPOSED METHOD AND 
TECHNIQUES

Two methods have been proposed for segmenting 
the customers.

•	 Half-Hourly clustering- in which the 
customers will change their cluster for every 
half an hour based on their consumption and 
electricity prices are calculated individually 
for each and every half an hour of the day 
based on their cluster type.

•	 Daily clustering- in which the customers will 
be in the same cluster for the whole day and 
electricity prices are calculated for the whole 
day based on their cluster type.

4.1	 Proposed	segmentation	method

To overcome the shortcomings of existing clustering 
methods like determining appropriate cluster 
number, etc., an easy and less time-consuming 
segmentation method has been proposed which 
is called as threshold-segmentation method.

•	 Procedure for the threshold-segmentation 
method:
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In this paper, a highly accurate and straightforward 
way to provide better clusters with robustness 
is proposed. The objective function is proper 
allocation of customers into their respective 
cluster. It can be defined as,   

  ...(1)

Where N= number of customers, K= number of 
clusters, Thr= Threshold value, Demand belongs 
to the customer.

To efficiently achieve this objective function 
the threshold- segmentation has been proposed. 
The procedure of customer segmentation using 
threshold-segmentation method is shown in 
Figure 2.

Finally, the clusters have been evaluated for 
the electrical energy consumption. Using this 
information the total cost for every customer in 
each cluster is calculated using different schemes.

5.0 APPLICATION OF ELECTRICITY 
CONSUMER SEGMENTATION

In this paper, the electricity customer segmentation 
has been used to design suitable tariff structure 
for VPP. The successful outcome of difference 
between the customer types encourages the 
association of a specified tariff to each customer 
type. Initially, customers with the same total 
consumption and different peak consumption 
are charged the same. Currently, for electricity 
billing, the various packages of tariff schemes has 
been increasing day by day.

The main methodology of price design involves 
establishing the customer segmentation [9]. This 
paper considers three different tariff structures, 
namely Cluster type-based pricing, Cascaded 
pricing and Flat pricing.  Cluster type-based 
pricing and Cascaded pricing are multiple rate 
type with rates differentiated on the basis of the 

hour and day of consumption, while Flat pricing 
is single as the name suggests.

Every tariff schemes has its unique structure. 
Tariff offered by a company and/or government 
are same for all customers within the same region. 
Likewise, the cluster type-based pricing scheme 
defines same price for each customer who belongs 
to a particular cluster type.

If k=1: n

  (2)
end

In equation (2), Ak is the number of customers 
belonging to the kth cluster, n is the total number 
of clusters. 

In Flat pricing, the price remains the same for all 
the customers.

  (3)

Cascaded Pricing is described as a single customer 
will pay the different price for the demand in the 
same hour based on the divided point between 
everycluster.

  ...(4)

 If  ,

  ...(5)

 else

  ...(6)

Using Equations (2) to (6), total prices have been 
calculated.

6.0 CASE STUDY

6.1	 Data	set

Electricity consumption pattern data based on 208 
domestic customers are collected from the Scottish 
and Southern Energy (SSE) [13]. The clustering 
decision is taken in 30-minute resolutions. 
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Then, the customers are subjected to Data pre-
processing method. 185 consumption patterns 
are considered after the malware detection of 
data. Therefore, pre-processing ensures that the 
actual data is of high quality and not erroneous. 
Segmentation of electrical customers is performed 
by using the existing and proposed algorithm. 
They are K-means clustering method, Threshold-
segmentation method respectively. Half-hourly 
and daily clustering has been done in this work.

6.2	 Segmentation	result

•	 K-means	clustering	method

The electricity customers have been clustered 
into 4 groups based on their consumption. For 
every half anhour, the clustering process will take 
place continuously. Figure 3 shows that the total 
number of customers belonging to each cluster 
for every half an hour. Figure 4 displays the total 
electricity consumption of particular cluster for 
every half an hour. From Figure 3 and Figure 4, it 
can be seen that the number of customers is high in 
the first cluster compared to other clusters but the 
total demand of the first cluster and other cluster 
are almost the same. Sometimes last cluster has 
high consumption compared to the first cluster, 
though the first cluster has a high number of 
customers than the last cluster. This is because 
of low consuming customers belongs to the first 
cluster while highly consuming customers fit into 
the last cluster. [Prosumers can make money by 
transferring energy from 1st cluster to 4th cluster]

FIG.3    HOURLY CLUSTERING USING K-MEANS 
CLUSTERING METHOD

As discussed earlier, the clustering results will be 
applied to the new tariff schemes. Figure 5 shows 
that the total cost is paid by the customers for 
the whole day with the proposed tariff structures. 
Three pricing schemes have been discussed in this 
paper. Cluster type based pricing method gives 
the lowest price compared to other methods.

FIG.4 TOTAL DEMAND (W) OF EACH CLUSTER

•	 Threshold-segmentation	method

Customers are being clustered into 4 groups by 
using Threshold-segmentation method based on 
their power consumption. Thresholds have been 
selected based on the Cumulative Distribution 
Function (CDF). Figure 6 shows that the CDF of 
demand. Figure 7 displays the hourly clustering 
using Threshold-segmentation method.

FIG.5     PRICING RESULT WITH NEW TARIFF 
SCHEMES FOR K-MEANS CLUSTERING 
METHOD
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Total demands of 3rd and 4th clusters are higher 
than the first cluster, though the first cluster has a 
high number of customers than 3rd and 4th. Total 
power consumption of every cluster is shown in 
Figure 8. The clustering results are applied for 
pricing. The proposed pricing schemes have been 
applied to clustered customers and the total cost 
of each customer is shown in Figure 9.

FIG.6    CUMULATIVE DISTRIBUTION FUNCTION OF 
DEMAND

Total cost paid by all customers for the day using 
different pricing schemes was shown in Figure 5 
and Figure 9. The total cost remains the same in 
Flat pricing method. Cluster type based pricing 
method has only 4£ difference. Cascaded pricing 
method has significant changes. Figure 10 shows 
the Number of shifts of customers from one 
cluster to another. Comfort level of customers is 
better in threshold-based segmentation method 
compared to K-means clustering method. Here, 
the comfort level is high if customers have lesser 
shifts between  the clusters and low if they have 
more shifts.

7.0 DISCUSSION

The total number of customers in a cluster, the 
total demand of each cluster, pricing and a total 
number of consumers shift from one cluster 
to another cluster have been studied for 185 
customers. In this paper, threshold-segmentation 
method has been proposed.

FIG.7    HOURLY CLUSTERING USING THRESHOLD-
SEGMENTATION METHOD

FIG.8    TOTAL DEMAND (W) OF EACH CLUSTER IN 
THRESHOLD-SEGMENTATION METHOD

Customers have been clustered based on K-means 
clustering method to compare the performance of 
threshold-segmentation method because K-means 
clustering algorithm is a simple and commonly 
used tool for clustering purposes

FIG.9    COST WITH NEW TARIFF SCHEMES FOR 
THRESHOLD- SEGMENTATION METHOD
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FIG.10    NUMBER OF SHIFTS OF CUSTOMERS FROM 
ONE CLUSTER TO ANOTHER

Threshold-segmentation method is compared 
with K-means clustering method based on the 
following criteria.

1. Total cost

2. Comfort level 

3. Clarity of picture

Total Cost –Total cost paid by the customers for 
a day is less in Threshold-segmentation method 
compared to K-means clustering method. Cost is 
one of the key factors to select a method. It can 
be evident from Figure 5 and Figure 9. Based 
on this factor, it can be observed that threshold-
segmentation method is better.

Comfort level – Customers are changing from 
one cluster to another cluster, which is happening 
frequently in K-means clustering method. It might 
be happening due to the high cost, incentives and 
demand, etc. Continuous change of customers 
across the clusters might confuse them with 
different tariff rates which will make them feel 
uncomfortable. Figure 10 displays that a total 
number of customers’ change is less in threshold-
segmentation method.

Clarity of Picture –K-means clustering result 
didn’t give more clarity and couldn’t get any 
information [Figure 3], meanwhile threshold-
segmentation method gives the clarity [Figure 7]. 
It can be evident from Figure 3 and Figure 7.

As discussed earlier, customer segmentation 
plays important role in demand side management 

in a VPP environment. Threshold-segmentation 
method gives an opportunity to reduce the total 
cost incurred by the customers. If they are the 
prosumers, they can sell energy to high consuming 
customers with a high cost. For example, prosumers 
belonging to cluster 1 produce electricity for 
2p, they can sell this electricity for 3p or 4p to 
the high consuming customers but they can get 
electricity for 1p from the grid. Cascaded tariff 
scheme discussed here, assigns a low price for 
low consuming customers and high price for high 
consuming customers to minimize the number of 
high consuming customers. Hence, the clustering 
helps VPP to make a profit. 

8.0 CONCLUSION

This paper presents an efficient method 
for electrical customer segmentation. The 
segmentation method uses SSE data and it is 
based on Threshold-segmentation method. The 
proposed method was implemented in MATLAB 
and was compared with commonly used K-means 
clustering method. The result showed that the 
Threshold-segmentation algorithm can classify 
the demand data into well-separated clusters. The 
obtained clustering results are used for different 
pricing schemes. It was proven that the proposed 
method is simple and accurate method from 
pricing results.
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