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the internal validity indices are used that calculate the

properties of resulting clusters, such as compactness, sep-

aration and roundness. The most common validity indices

are silhouette index (Rousseeuw 1987), davies bouldin in-

dex, gini index and cophenetic correlation coefficient.

Table 1: Dublin Energy Performance Certificate (EPC)
dwelling types for clustering analysis

Dwelling Type Buildings Percentage
Semi-detached house 48863 24.15%

Mid-terrace house 40257 19.90%

Mid-floor apartment 31142 15.39%

End of terrace house 19767 9.77%

Ground-floor apartment 19124 9.45%

Top-floor apartment 18735 9.26%

Detached house 15553 7.69%

House 3344 1.65%

Maisonette 3086 1.53%

Apartment 2309 1.14%

Basement Dwelling 110 0.05%

The silhouette of a cluster value is a measure of the num-

ber of objects that lie well inside the own cluster and

which do not. The calculation is based on the silhouette

width of their cluster objects. Mathematically, the silhou-

ette width for each object j can be represented by Equa-

tion 3.

S( j) =
b( j)−a( j)

maxa( j),b( j)
(3)

where a( j) is the average dissimilarity between j and all

other objects in the cluster, and b( j) is the minimum of

the average dissimilarity between j and objects in other

clusters. The silhouette index (SI) is a normalized index

and a value close to 1 is always good for clustering.

The DaviesBouldin Index (DBI) (Davies and Bouldin

1979) is the ratio within cluster distances to between-

cluster separation. Therefore, if the clusters are compact

and well separated, the value of the DBI is small which is

ideal for clustering. The DBI is defined as in Equation 4:

VDB =
1

k

k

∑
i=1

Ri (4)

where k is the number of clusters and Ri is defined as in

Equation 5:

Ri = max
i�= j

Ri j (5)

where Ri j is the similarity measure between clusters Ci
and Cj, and is defined as:

Ri j =
Si +S j

Di j
(6)

The item distribution measure gives the idea about the size

of clusters This performance measure of a cluster is eval-

uated using two indexes, namely, sum of squares and Gini

coefficient. The Gini coefficient, also known as the Gini

Index (GI), is a measure of statistical dispersion or cluster

competence. A higher GI indicates an unequal distribu-

tion, while a lower GI suggests an equal distribution.

Cophenetic correlation coefficient (CPCC) can be used

to evaluate the efficiency of hierarchical clustering tech-

niques that utilize different linkage methods, for instance

single, complete or average linkages (Saraçli, Doğan, and

Doğan 2013). A high value of CPCC indicates good hier-

archical clustering techniques.

Results interpretation

This step describes the interpretation of clustering results

on the basis of calculated validity indices as stated in the

previous step. Different clustering algorithms are used for

different purposes. Also a few algorithms work better on

specific data as compare to other. Selection of algorithms

and the number of clusters is a difficult task and some-

times a trade-off between the different validity indices is

required to achieve better results.

Archetypes development

The last step in the process involves the development of

building archetypes on the basis of developed clusters.

Each cluster represents one archetype of building and all

the variables selected in the feature selection phase repre-

sent the characteristics of that building.

RESULTS AND DISCUSSION

The main objective of the paper is to develop the build-

ing archetypes that represent an entire urban area. The

methodology presented above is applied to the publicly

available Irish Energy Performance Certificate (EPC) data

published by the Sustainable Energy Authority of Ireland

(SEAI). The EPC data is used to evaluate each building’s

energy performance. The certificate rates the energy per-

formance of a building in terms of primary energy con-

sumption (kWh/m2/year) and varies on a scale of A to

G. An A-rated building represents a building with the

highest energy efficiency and will tend to have the low-

est energy consumption and subsequent lower CO2 emis-

sions. On the other hand, a G-rated building represents

a building with the lowest energy efficiency. The EPC

is calculated with Dwelling Energy Assessment Proce-

dure (DEAP) software, that is Ireland’s official method for

calculating the building energy rating of new and exist-

ing buildings. The EPC data contains more than 600,000

Irish buildings’ data with 203 variables including build-

ing physics, energy, and CO2 information. The city of

Dublin, which contains more than 200,000 buildings, is

chosen for the archetype development using clustering al-
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Table 2: Number of clusters with the best validity values of k-mean and agglomerative clustering analysis

Dwelling Types K-Mean Agglomerative
k AD DBI GI SI k GI CPCC

Mid-floor apartment 2 451 0.75 1.00 0.61 7 1.00 0.88

Top-floor apartment 2 725 0.97 1.00 0.42 8 0.99 0.85

Mid-terrace house 2 445 0.70 1.00 0.60 10 0.99 0.96

Semi-detached house 4 226 0.82 0.98 0.39 10 0.91 0.99

Detached house 3 175 0.25 0.88 0.68 6 0.81 0.93

Maisonette 10 326 0.82 0.97 0.42 10 0.93 0.87

Ground-floor apartment 6 262 0.98 1.00 0.31 10 0.99 0.76

House 4 535 0.51 0.89 0.34 4 0.79 0.87

Apartment 2 2035 0.46 1.00 0.78 10 0.97 0.93

End of terrace house 7 110 0.78 0.99 0.40 10 0.97 0.84

Basement Dwelling 7 104 0.69 0.90 0.39 9 0.83 0.89

Table 3: Number of clusters with the best validity index values of k-medoids and density-based clustering analysis

Dwelling Types K-Medoids DBSCAN
k AD DBI GI SI Ep Mp C SI GI

Mid-floor apartment 2 530 0.75 1.00 0.62 0.36 10 5 -0.03 1.00

Top-floor apartment 2 1014 1.09 1.00 0.37 0.46 8 2 0.06 1.00

Mid-terrace house 2 749 1.18 1.00 0.59 0.2 8 1 1.00 1.00

Semi-detached house 2 1156 0.69 1.00 0.42 0.2 3 1 1.00 1.00

Detached house 2 969 0.21 0.93 0.63 0.2 2 1 1.00 1.00

Maisonette 10 532 0.98 0.97 0.38 0.2 4 1 1.00 1.00

Ground-floor apartment 8 373 1.67 1.00 0.22 0.2 8 1 1.00 1.00

House 2 2602 0.57 0.93 0.51 0.2 2 1 1.00 1.00

Apartment 2 3648 0.54 1.00 0.78 0.4 4 10 0.03 0.98

End of terrace house 2 649 0.63 1.00 0.50 0.2 7 1 1.00 1.00

Basement Dwelling 2 621 0.74 0.97 0.48 0.2 2 1 1.00 1.00
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Table 4: K-mean number of clusters analysis of Dublin City for archetypes development
Dwelling Types k Number of clusters and items Total
Mid-floor apartment 2 Cluster 0: 2206, Cluster 1: 28540 30746

Top-floor apartment 2 Cluster 0: 6217, Cluster 1: 12264 18481

Mid-terrace house 2 Cluster 0: 32313, Cluster 1: 7572 39885

Semi-detached house 4 Cluster 0: 19704, Cluster 1: 1492, Cluster 2: 19257, Cluster 3: 8021 48474

Detached house 3 Cluster 0: 7803, Cluster 1: 2549, Cluster 2: 827, Cluster 3: 4230 15409

Maisonette 10

Cluster 0: 570, Cluster 1: 281, Cluster 2: 214, Cluster 3: 199, Cluster

4: 70, Cluster 5: 860, Cluster 6: 61, Cluster 7: 261, Cluster 8: 398,

Cluster 9: 113

3027

Ground-floor apartment 6
Cluster 0: 5245, Cluster 1: 3104, Cluster 2: 4642, Cluster 3: 4737,

Cluster 4: 951, Cluster 5: 248
18927

House 4 Cluster 0: 320, Cluster 1: 1927, Cluster 2: 40, Cluster 3: 977 3264

Apartment 2 Cluster 0: 20, Cluster 1: 2198 2218

End of terrace house 7
Cluster 0: 1611, Cluster 1: 1918, Cluster 2: 5078, Cluster 3: 1228,

Cluster 4: 8675, Cluster 5: 816, Cluster 6: 185
19511

Basement Dwelling 7
Cluster 0: 8, Cluster 1: 31, Cluster 2: 8, Cluster 3: 4, Cluster 4: 27,

Cluster 5: 7, Cluster 6: 22
107
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