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ABSTRACT 

The creation of realistic models of low voltage (LV) 

distribution feeders is a fundamental step to understand 

the potential impacts from low carbon technologies 

(LCTs). Unfortunately, Distribution Network Operators 

(DNOs) do not, in general produce these models mainly 

because of the historic passive nature of LV circuits. 

Available information at LV level is in most cases limited 

to Geographic Information Systems (GIS) typically 

produced for asset management purposes. Although this 

GIS data is useful, is likely to have some issues due to the 

large amount of information handled. One of the main 

problems sometimes found is the network connectivity, 

i.e., feeder segments not adequately connected, which can 

lead to a model unsuitable for power flow analysis. This 

work proposes a systematic, practical and implementable 

methodology to achieve the full reconnection of LV 

feeders and, as a result, the production of suitable 

computer-based models. This proposed methodology can 

help DNOs around the world facing similar challenges. 

Indeed, it has already been successfully applied to create 

more than five hundred real residential, underground UK 

LV feeders. 

INTRODUCTION 

Undoubtedly, there is wide consensus about the human 

influence on the global climate system. In fact, the 

emission of greenhouse gases related to human activities 

has grown considerably in the last sixty years [1]. 

Therefore, the reduction of these emissions is 

fundamental for our society. Thus, the adoption of low 

carbon technologies (LCTs) (e.g., photovoltaic systems, 

electric heat pumps, electric vehicles, micro combined 

heat and power, etc.) by residential customers, i.e., 

connected to low voltage (LV) networks, can help 

achieving that objective. Nonetheless, high LCT 

penetrations can lead to technical issues such as voltage 

rise/drop, overloading in cables and transformers, etc. [2] 

on these networks. 

 

In this context, the interest of Distribution Network 

Operators (DNOs) in understanding the capabilities of 

LV networks is increasing [3]. However, due to the ‘fit 

and forget’ design approach traditionally adopted for 

these circuits, DNOs do not need to carry out further 

analyses, i.e., no need for power flow studies. As a 

consequence, most DNOs do not have readily available 

electrical models of their LV networks – available data is 

limited to Geographic Information Systems (GIS) for 

asset management purposes. This absence of available 

models of real LV feeders can be observed in the broader 

utilization of simplified or generic networks to study 

LCTs in LV distribution networks, e.g., [4], [5] and [6]. 

 

The lack of real electric models for LV networks makes 

fundamental the conversion of GIS data into a suitable 

format so power flow-based studies can be carried out. 

However, GIS data of such extensive networks are prone 

to issues. One of the main problems is the network 

connectivity, i.e., two feeder segments that seem and 

should be connected in the topological visualization of 

GIS data are separated by a small distance (from mm to a 

couple of cm), which can lead to a model unsuitable for 

power flow analysis. Consequently, this work proposes a 

systematic methodology to achieve the full reconnection 

of LV feeders in cases where no other connectivity data is 

available.  

 

In essence, the reconnection methodology consists in the 

identification of all the connected components (segments 

that are connected to each other) by using the Breadth 

First Search Algorithm [7]. Then, the reconnection of 

those connected components is made one by one. The 

first component is that with the transformer location. The 

closest one is then connected and so on. The point of 

connection is based on the Euclidean distance and how 

feasible this connection is. 

 

This work follows the main steps of the methodology to 

create the electric representation of real LV feeders. This 

methodology is applied feeder by feeder and consists of 

four main steps. The first one is the creation and 

identification of each line segment in the feeder. The 

second one corresponds to the identification of all the 

connected components that belong to the same feeder. 

The corresponding reconnection process is carried out in 

the third step. Finally, the corresponding computer-based 

models are created. To illustrate the potential application 

of the LV feeders created in this work, a time-series 

simulation is presented at the end of this paper. 

 

It is important to highlight that the proposed methodology 

has been successfully applied to more than five hundred 

real LV feeders as part of the UK Low Carbon Networks 

Fund Project “LV Network Solutions” run by Electricity 

North West Limited (ENWL) [3]. 
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STEP 1: CREATION OF LINE SEGMENTS 

Geographic Information Systems are able to manage 

large amounts of information. To make this process more 

efficient, the GIS representation uses the concept of 

polyline to store network data. Basically, the polyline is a 

continuous line comprised by one or more line segments. 

This representation does not allow the direct access to the 

information about each segment in the polyline. The 

polyline is treated as a single object within the GIS file 

and, therefore, there is no direct access of all the 

coordinates associated with one polyline. For example, 

the polyline in Fig. 1 is represented just by one row in the 

table of attributes (Fig. 2); this row has just the 

coordinates for the source and end points of the polyline 

which is not enough to build the electrical model. 

 

Therefore, to have access to all the information, it is 

necessary to implement the following procedure using the 

Data Management Tool in ArcGIS (GIS software): 

 

1. Split the polyline into segments so each of them 

contains the information of the polyline. 

2. Split segments into vertices. 

3. Finally, add XY coordinates to each vertex. 

 

Fig. 3 shows the resulting set of vertices originally stored 

in the polyline. 

STEP 2: IDENTIFICATION OF CONNECTED 

COMPONENTS  

To carry out power flow studies every line segment in the 

network must be connected. However, given the massive 

amount of data related to LV networks that need to be 

considered in the GIS databases, it is likely that some 

problems occur. Indeed, one of the main issues is the 

network connectivity, i.e., two feeder segments that seem 

and should be connected in the topological visualization 

of GIS data are separated by a small distance. 

 

In order to identify the connectivity issues in each feeder, 

the connected components need first to be determined. A 

connected component of a graph is a sub-graph in which 

any vertices are connected to each other by paths (by 

definition, one connected component is not connected to 

another connected component). The methodology 

implemented to calculate the connected components is 

the Breadth First Search algorithm [7]. 

Breadth First Search (BFS) Algorithm 

The BFS begins at the root node and explores all the 

neighbouring nodes. Then, for each of the latter nodes, it 

explores their (unexplored) neighbouring nodes, and so 

on. This is done until it finds every connected node. The 

basic structure of the algorithm to determine all the 

connected components can be summarised as: 

 

 
Fig. 1.  Example LV Network –GIS Topological Visualisation 

 

Fig. 2.  Example LV Network – Original GIS Information 

 
Fig. 3.  Example LV Network – Creation of Line Segments 

1. Place the root node on a list. 

2. Take off the first node from the list and examine it. 

3. Place on the list any direct successor (node connected 

to it) that has not been visited. 

4. If the list is not empty go to Step 2. Otherwise, a 

connected component has been determined 

(comprised of all the nodes visited so far). 

a. If every node on the graph (i.e., feeder) has been 

examined, then stop.  

b. If there are still non-visited nodes, then a new 

connected component should be determined. Thus, 

one of the non-visited nodes must be placed on the 

list and then start again from Step 2. 

Application of the BFS Algorithm 

The BFS algorithm was implemented in MATLAB and 

applied to the GIS-based information. It found that in 

most cases different proportions of segments were not 

connected to the main LV feeder. To illustrate the 

connectivity problem, the corresponding connected 

components after the application of the algorithm for one 

of the implemented networks are summarised in Table I. 

It is possible to observe that the number of connected 

components is different to one, which means that there  
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Table I.  Summary of Connected Components 

Feeder 
No. Connected 
Components 

Connectivity Index 
(CI) 

1 9 90% 
2 3 98% 
3 8 89% 
4 19 36% 

 

 
Fig. 4.  Connected components in feeder 1 

 
Fig. 5.  Connected components in feeder 4 

are connectivity problems in these feeders. This table also 

points out that the number of connectivity issues is 

different among the feeders. 

 

The connectivity index (CI) in Table 1 represents the 

proportion between the main feeder (i.e., the longer 

connected component in one feeder) and the total feeder 

length. Hence, 100% implies a fully connected feeder. 

 

To complete the analysis, Fig. 4 and Fig. 5 show the 

connected components for feeders 1 and 4. In these 

figures, different colours represent different connected 

components (the main connected component is depicted 

in black). It can be seen that feeder 4 has more connected 

components and therefore experiences more connectivity 

issues than feeder 1. Once all the connected components 

are identified per feeder, the next step is the reconnection 

process.  

 
Fig. 6.  Simplified Feeder – 3 connected components 

STEP 3: RECONNECTION PROCESS 

In general terms, this step joints every single connected 

component that belongs to the same feeder in order to 

have a fully connected one to enable the production of 

computer-based models. This reconnection is made one 

by one. The first connected component is the one with the 

transformer location (source node), then the closest one is 

connected and so on. The point of connection is based on 

the Euclidean distance and how feasible is the 

corresponding connection.  

 

To illustrate this process, the simplified feeder in Fig. 6 is 

used as example. Below are described the two parts of 

this process. 

Determination of the main connected component 

All the connected components were calculated during 

Step 2. Thus, the total length of each connected 

component is stored, and then, the main connected 

component (the longest one) is determined. For instance, 

in Fig. 6, the connected component in black is the main 

connected component in the network. 

Determination of the line segment equations  

To determine the closest vertices from one connected 

component to the main connected component, basic 

analytical geometry must be applied. In fact, the problem 

to solve is the distance between one point (vertex of the 

connected component) and one line (segment line of the 

main connected component). Therefore, it is necessary to 

calculate the line equation for each segment of the main 

one (black line in Fig. 7). For all these segments, the 

equations in the format 𝑦 = 𝑚𝑋 + 𝑛 are determined. Fig. 

7 also shows the (red dotted) lines for each line segment 

of the main connected component. 

 

For each of the connected components different to the 

main one, the following three stages are followed. 

 

Stage 1. Calculate connected component distances 

Once the line equations for each segment of the main 

connected component are determined, it is possible to 

calculate the distance between all the vertices from the 

corresponding connected component and all the feasible 

segments of the main connected component. This is 

illustrated in Fig. 8 (blue dotted lines). 
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Fig. 7.  Line segment equations in the main connected component 

 
Fig. 8.  Distance between the vertices and the main connected 

component 

 

Fig. 9.  Possible connection with the main connected component 

Stage 2. Determine the feasible vertex connection 

First of all, the new potential vertex on each segment line 

is determined. This new vertex is the intersection 

between the segment line of the feeder and the 

perpendicular line to the segment which passes through 

the closest point (connected component vertex). This new 

vertex is calculated for all the feasible connections. Fig. 9 

shows the new vertex in each segment line (vertices from 

A to F). It is worth mentioning that some of these 

potential vertices could be located outside the 

corresponding line segment (the line equation has infinite 

length and the segment line has a limited one). Hence, the 

feasible new vertices will be those located on the segment 

line. For example, Fig. 9 shows that some perpendicular 

distances (black lines) do not connect the node (red point) 

through the real limits of the line segment (blue lines) and 

therefore vertices F and C are not feasible. Once the 

feasible vertices are determined, the final connection is 

the shortest distance among the feasible ones (red line in 

Fig. 10). However, due to the small dimension of this 

distance (smaller than 1 cm), instead of using a new 

connection line between the two connected components, 

the position of the closest vertex is changed to the 

position of the new vertex on the segment line. In this 

way, these vertices are merged into one vertex on the 

segment line (Fig. 11). 

 
Fig. 10.  Connection with the main connected component 

 
Fig. 11.  Merging vertex connection in the main connected component 

Stage 3. Update the network structure 

The incorporation of each connected component (merged 

vertices) requires a modification in the network structure. 

For instance, in the feeder example, the merge vertex is 

located in the middle of a segment that previously did not 

have a vertex in that place. Therefore, to consider the new 

vertex, that segment must be divided in two new 

segments in the database structure, updating the 

information related with the source and end nodes but 

keeping all the technical information for the 

corresponding segment such as cable type, customers 

connected, etc. 

STEP 4: COMPUTER-BASED MODEL 

Once the feeder topology is fully connected, the next step 

to be able to run power flow simulations is to translate 

the processed information into a computer-based network 

model. In this work the chosen format is OpenDSS [8]. 

This is an open and free software package to solve power 

flows in unbalanced distribution networks; the most 

important characteristics are the abilities to represent the 

time dimension (particularly relevant for the analysis of 

distributed generation) and to be controlled by other 

software environment (e.g., VBA, Matlab, etc.). 

 

The flow chart for the complete process to translate GIS 

data into the OpenDSS format is shown in Fig. 12. It is 

possible to observe that the conductor, topology and 

MPAN (Meter Point Administration Number, i.e., 

customer information) is obtained from the GIS files. The 

load profiles are inputs in the model. Finally, the database 

can relate the MPANs to specific profile classes (e.g., 

domestic unrestricted, economy 7, etc.). Thus, using the 

information available it is possible to create all of the 

files required (lines, loads, transformers, load profiles, 

generation profiles, monitors, sensors, etc.) to represent 

the data in the OpenDSS format. 

A

D

B

E

F

C

Line segment Line equations Perpendicular distance



 23rd International Conference on Electricity Distribution Lyon, 15-18 June 2015 
 

Paper 1273 

 
 

CIRED 2015  5/5 

 
Fig. 12.  Automatic Translation to OpenDSS 

 

Fig. 13.  Voltage profile for feeder 1 - Example 

Finally, to illustrate the potential application of the LV 

distribution feeders created with the proposed method, a 

half-hour time-series simulation is carried out for feeder 1 

(Fig. 4). This feeder supplies 53 loads and it has a total 

length (including the services cables) of 1.2 km. The 

same diversified load profile for ‘domestic unrestricted’ 

customers (based on Elexon profile classes [9]) is 

allocated to each house. The resulting voltage profile for 

each time step (30 minutes) and for each load is presented 

in Fig. 13. The time-series behaviour and the voltage 

drop along the feeder (the loads are numbered from the 

transformer location to the end of the feeder) can be 

graphically seen. This detailed representation of LV 

feeders can help understanding the impacts of different 

LCTs and potential Smart Grid solutions on LV 

networks. Several works have already used the LV 

networks created with this approach (e.g., [10] and [11]). 

CONCLUSIONS 

This paper has presented a systematic, practical and 

implementable methodology to reconstruct LV feeders 

from GIS data (containing connectivity issues) so 

computer-based network models can be produced. These 

models are crucial to carry out operational and planning 

studies required to assess the impacts from the future 

adoption of low carbon technologies (LCTs). Depending 

on the scale and nature of the connectivity issues in the 

available GIS data, these reconnection techniques can be 

used selectively or across the board. 

This proposed methodology can help DNOs around the 

world facing similar challenges. Indeed, it has already 

been successfully applied to 500+ residential, 

underground UK LV feeders. These feeders have already 

been used to analyse the impact of LCTs and the benefits 

of potential solutions in several publications. 
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