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ABSTRACT 

Due to the increasing integration of low-carbon technologies (e.g., heat pumps, photovoltaic systems, electric vehicles) needed to 

achieve climate-neutral plans in the European Union and several other European countries, low-voltage distribution networks face 

new challenges regarding reliable operation and growth in operation and investment costs. Increased knowledge and analysis of 

low-voltage distribution networks is a fundamental step toward addressing the challenges related to the deployment of low-carbon 

technologies, which require data on relevant grid parameters to support simulations. Although there were some data available on 

existing local European low-voltage grids and a few generic ones, the low-voltage network techno-economic data were still scattered 

and not compared between each other. This study provides a first-of-a-kind structured literature review of low-voltage grids in 

Europe from 26 open access grids and 29 scientific articles or reports, with a special emphasis on technical and economic parameters. 

Moreover, representative values for the technical and economic parameters of low-voltage grids in corresponding European 

countries or regions are recommended based on the collected data. This work can help academics and distribution system operators 

select the appropriate technical and economic grid parameters to comprehensively quantify the impacts of low-carbon technology 

integration into European low-voltage grids and to investigate options (e.g., grid reinforcements) to mitigate these impacts.   

HIGHLIGHTS 

 A structured review of European low-voltage grids.  

 Topology and techno-economic data related to grids are collected.  

 Data from 26 open access grids and 29 articles/reports are gathered and discussed. 

 Typical values of technical and economic parameters are suggested for European grids. 

 Helps academics and grid operators to study low-carbon technology integration. 
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Nomenclature 
 

Acronyms 

AR Article/report 

DSO Distribution system operator 

EU European Union 

LCT Low-carbon technology 

LV Low-voltage 

OG Open access grids 

OH Overhead 

UG Underground 

 

  
Indices 

𝑘 Position in the feeder 

y Year 
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𝜏 Transformer 

Variables 

𝐶𝑦 Cost at year 𝑦 (€) 

𝑟 Inflation rate 

 

 

Parameters 

𝐶(𝜏) Transformer investment cost, i.e., cost of the newly installed transformer (€) 

𝐶𝑙(𝑑𝑙) Linear cost of replacing the current one-phase consumer link by a three-phase cable (€/m) 

𝐶𝑙(𝑓) Linear cost of installing the new feeder cables (€/m) 

𝐶𝑙(UG, 𝑧𝑜𝑛𝑒) Linear cost of underground cable replacement in the zone (€/m) 

𝐶𝑙(OH, 𝑧𝑜𝑛𝑒) Linear cost of overhead cable replacement in the zone (€/m) 

𝐷𝑓 Number of consumers in the detailed feeder 

𝐷𝑖 Number of consumers in the island 

𝑙𝑡(𝑓) Feeder length (m) 

𝑆𝑛𝑜𝑚(𝜏) Transformer nominal power (kVA) 

%OH(𝑧𝑜𝑛𝑒) Percentage of the low-voltage cable length which is overhead in the zone 

%UG(𝑧𝑜𝑛𝑒) Percentage of the low-voltage cable length which is underground in the zone 
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1 Introduction 

Europe accounted for 14.2% of the world’s CO2 emissions in 2020 [1]. To combat climate change, the European Union (EU) [2] 

and other European countries like Norway [3] and Switzerland [4] have set their own net-zero emissions targets for the next decades. 

To achieve this goal, ambitious policies and legislation are proposed to boost energy efficiency and renewable energy, and promote 

electrification and low-carbon technologies (LCTs) [5]. Numerous innovative projects, such as sEEnergies [6] and TANGO [7], 

were funded by the EU and other European countries to investigate the potential of LCTs for decarbonizing the economy [8]. In the 

building sector, LCTs range from electricity production with renewable energy sources to energy storage technologies, such as heat 

pumps and electric vehicles, which will be interconnected and interact in the power system [9][10]. However, the integration of 

LCTs can significantly impact traditional load patterns at the national and local distribution grid levels, especially in low-voltage 

(LV) grids [12][13]. The reason is that the LV grids were historically designed for smaller loads rather than integrating new highly-

consuming loads (e.g., heat pumps) or accommodating distributed generation (e.g., rooftop photovoltaic systems).   

Model-derived energy-economy pathways are usually leveraged to inform policymakers and ensure that the national policy and 

investment decisions are aligned with long-term climate goals [14] for the whole globe [15], Europe [16], China [17], and the U.S. 

[18]. However, the high-level assessments by the global integrated assessment models and bottom-up national-scale approaches 

usually ignore or simplify the potential issues of LCTs integration in the electric network [19]. As a result, policymakers may 

overestimate the potential penetration of LCTs by ignoring technical constraints related to the LV grid [20].  

LV grid models are typically used for power system analysis by integrating the load/generation profiles of LCTs [21][22]. In order 

to evaluate the impact of LCTs robustly, a number of studies have adopted simulation methods to investigate the integration and 

smart control of LCTs on LV grids in European countries like Belgium [12][13], Switzerland [24][25], Italy [11], the UK  [27][28], 

Spain [29], Ireland [30], Sweden [31], Denmark [32][33], the Netherlands [32][34][35], and Germany [32][36]. Except for Gupta 

et al. [24], who conducted a relevant study for Switzerland based on the whole Swiss distribution network, other studies selected 

local/representative LV test feeders or reference network models for the case study. The LV test feeders or reference network models 

can be regarded as a theoretical network that can serve as a proxy for realistic grids, which have been developed to support 

conducting power flow analyses. For the theoretical network, power grid modelling methods and tools have been thoroughly 

reviewed in the literature [38][39]. The modelling methods can be generally categorised into four types: single-node model [40], 

transshipment model [41], direct current model [42], and alternating current power flow model [42]. Simulation tools include, 

amongst other, OpenDSS [43], GridLAB-D [44], and Modelica [45]. Those tools provide detailed modelling of the power system, 

including power flow, grid stability analysis, harmonics, and short-circuit analysis. Apart from the studied LV test feeders in the 

European countries, several generic European LV test feeders [46][47] were released for research. However, unlike in the U.S., 

where there are some institutions like the IEEE, the Pacific Northwest National Laboratory, the Electric Power Research Institute, 

the Pacific Gas and Electric Company and the Test Feeder Working Group that have developed a lot of LV test feeders [48][49] 

(which were notably used for grid stability analysis [50][51]), the typical LV grid models for the whole of Europe are relatively few 

as a large amount of grid data are confidential [52].   

Since the European distribution grids differ greatly from the North American grid in design approaches, topology and installation 

common practices [48], the IEEE European LV test feeder was first developed [53], which sought to fill a benchmark gap by 

presenting some common LV configurations and was used in research on LCT integration in Europe (e.g., [54]). However, this test 

feeder was based on a radial UK feeder [49]. Thus, there may be some differences in other parts of Europe. In addition, this feeder 

was not representative of the actual European system, as only a single feeder for a single distribution transformer was proposed 

[55]. In response to the limitations of the IEEE European LV test feeder, Koirala et al. [47] modified the IEEE European test feeder 

and took data from a real distribution network while respecting privacy to develop a real (non-synthetic) typical European town’s 

distribution test network. This real test feeder was a 4-wire system with isolated neutral from consumer ground. However, it only 

represented a LV grid in a town, which neglected the LV grids in semi-urban and rural zones. Mateo et al. [46] proposed a 

methodology to build synthetic European representative LV feeder-level distribution networks by gathering data from 79 large 

European distribution system operators (DSOs). The grid-related indicators of the developed representative networks were close to 

the DSOs real indicators. Nevertheless, these feeder-level distribution networks only contained three-phase balanced urban and 

semi-urban LV networks, which failed to solve the problem of the unbalanced networks. The Conseil International des Grands 

Réseaux Electriques also released a set of benchmark networks that included a European LV distribution benchmark network [56]. 

This network was of radial topology and was inherently unbalanced due to the connection of single-phase consumers. However, the 

data source for the European LV benchmark network model was unspecified, which limits its scope of application.  

The literature review reveals different LV grids in those investigated European countries and even multiple LV grids in one country, 

making it difficult to select the appropriate one for carrying out analyses. Moreover, no paper collects and compares the technical 
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parameters of LV grids that originated from different references. Therefore, the first novel contribution of this study is to review, 

compare and analyse the technical parameters of those European LV grids. The authors believe a comprehensive review of the LV 

grids across Europe will start from the perspective of the grid technical parameters needed for the power system modelling, which 

can help facilitate the relevant research on the impact of LCTs on the European LV grids as a whole. Indeed, a structured knowledge 

of LV grids is key to defining representative case studies and thus generating meaningful results. 

The integration of LCTs in LV grids causes grid stability problems, such as transformer and cable overloading, harmonic distortion, 

voltage unbalance and variation [57]. To tackle these problems, grid reinforcements [58][59] are often adopted by replacing 

transformers and feeder cables, among others. Other solutions such as grid optimization measures (e.g., reactive power control) can 

also be considered to stabilize LV grids [60]. Nevertheless, the latter solutions require appropriate communication infrastructure 

and controls, and the associated economic and regulatory challenges remain [61][62]. In addition to adopting technical measures 

for grid reinforcements, relevant economic analysis is necessary to identify the most cost-effective grid reinforcement option. More 

importantly, quantifying the potential grid reinforcement costs corresponding to different integration levels of LCTs into LV grids 

can facilitate the identification of better measures and the development of strategies and policies related to LCTs. The economic 

parameters of LV grid components (e.g., cost of transformer and cable replacements) are required to support these economic analyses. 

Although the relevant research (e.g., [13][35][63]) in some European countries contained data on economic parameters, these costs 

were spilt into various references that were not compared to each other and were not updated for inflation. To the authors’ best 

knowledge, no prior study reviews those economic parameters in Europe, which hinders the quantification of grid reinforcement 

costs due to LCTs integration in Europe. Therefore, the second novel contribution of this work is that economic parameters related 

to European LV grids are reviewed and centralised, updated and harmonised to the current prices. These parameters can notably be 

used to estimate the cost of reinforcing LV grids across Europe.    

Given the identified limitations of the current literature, this paper reviews the topology, technical and economic parameters of LV 

grids in Europe, discusses and recommends representative values of technical and economic parameters for LV grids in Europe. 

The collected data and recommended representative values will support the research about LCTs integration into LV networks 

across Europe or specific European countries, which is in line with the following United Nations sustainable development goals: 

affordable and clean energy (goal 7) and climate action (goal 13) [64]. The remainder of this paper is organised as follows. Section 

2 introduces the methodological analysis framework. Sections 3, 4, and 5 present detailed analyses of the topology, technical 

parameters, and economic parameters of European LV grids, respectively. Finally, Section 6 concludes the paper.  

2 Methodological analysis framework 
This study focuses on the topology, technical and economic parameters related to European LV grids, based on the literature review, 

European databases and expert knowledge. Two complementary types of literature sources were used to collect data on the grid 

architecture and characteristic technical parameters: open access grids and scientific articles/reports. For the literature search, Web 

of Science and Google search engines with keywords “low-voltage grids”, “grid reinforcements”, and “European distribution 

system” were used. It is worth noting that the scope of “Europe” in this study corresponds to the geographical definition of Europe 

[65], and the search is based on this scope. A total of 26 open grids and 29 relevant scientific articles/reports were found for data 

collection. Open access grids offer a wide range of technical parameters and detailed values for these parameters, such as the 

resistance of each feeder segment. Scientific articles and reports provide some information about technical parameters but rarely the 

values of all the required technical parameters. However, they cover a wider range of European countries than open access grids. 

Data on the economic parameters are only available from scientific articles/reports. Since LV grids may vary considerably in 

different European countries, the method comprises three steps, which are shown in Figure 1:  

Step 1: analysis of grid topologies. This step involves the documentation and analysis of the topologies of European LV grids, which 

is further elaborated in Section 3.   

Step 2: review of technical grid parameters of LV grids. The investigated technical parameters consist of nine aspects divided into 

parameters related to the island configuration and transformer, the feeder segments, and the consumer links. These aspects are 

further elaborated in Section 4, where the technical parameters are also discussed, and representative values are furthermore 

recommended for the European LV grids based on the collected data.  

Step 3: review of economic parameters. The economic parameters include the cost of new transformer investment, feeder cable 

replacement, and consumer link replacement, among others, as further elaborated in Section 5. The costs obtained for years earlier 

than 2020 were updated with an average EU yearly inflation rate of 1% [66]. These costs were therefore named “2020 equivalent 

cost”. Moreover, the typical planning horizon (years) and discount rates were also reviewed to support the related life-cycle 

economic analysis. The economic parameters are discussed, and corresponding representative values are recommended based on 

the collected data for the whole of Europe as a first estimate.   
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Figure 1 – Analytical framework. 

3 Grid topology and modelling method 
According to the European standard EN 50160:2010 [67], a LV distribution grid refers to an electrical system with a nominal 

frequency of 50 Hz and a nominal voltage of 230 V between each phase and the neutral. Through the review of the European LV 

grids, it can be concluded that the typical European LV grid is a radial network that consists of one MV/LV transformer and several 

feeders. A feeder starts at the secondary of the transformer and ends at the final consumer of the feeder. Besides, the typical European 

LV networks can be treated as three-phase four-wire systems [47][56]. Figure 2 shows two examples of radial European LV 

networks in urban [46] and rural [68] zones, which are commonly considered zones in the literature. The urban one is a generic 

European LV network, while the rural one is an example from a German network.  

 

 

Figure 2 – Examples of radial European LV networks. Adapted from [46][68]. 

The entire LV networks can be modelled explicitly (i.e., all feeders in a distribution island are modelled). However, the full LV 

island modelling approach can become computationally expensive [69]. To face this issue, Protopapadaki and Saelens [69] adopted 

a dummy island approach that focuses on a specific feeder while also accounting for loads on the rest of the island. Figure 3 shows 

the dummy island approach for a LV grid. This topology models the feeder of interest in detail, while an aggregated balanced load 

represents the rest of the LV island. This allows considering loads and distributed generation sources in the rest of the island and 

notably assessing the transformer loading and the voltage drop at the transformer caused by those. Compared to the full island 

approach, the dummy island approach could reduce the calculation time by a factor of about 10 in the used modelling tool while 

triggering errors less than 0.03, 0.01 and 0.01 pu on extreme voltage [69]. Figure 3 shows the LV grid topology with a dummy 

island approach [69].  
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Figure 3 – A typical European LV grid topology with the dummy island approach [69].  

Since the dummy island approach mainly focuses on one detailed feeder, this approach requires less data on the technical parameters 

than the full island approach. This paper only focuses on the necessary technical parameters for the dummy island approach, but 

these data and the corresponding references can be used as a basis for full island modelling and simulations.  

4 Technical parameters 

4.1 Parameter description 

Since the typical European LV grid topology is a radial network with one MV/LV transformer, the technical parameters to define a 

LV grid in Europe are classified into three types: parameters related to the (1) island configuration and transformer, (2) feeder 

segments, and (3) consumer links (i.e., electricity connections between the consumers or prosumers and the main feeder in Figure 3). 

These parameters allow the power flow analysis to calculate the voltage and current for all nodes, branches and phases of the 

transformer [45]. Table 1 presents key technical parameters to define a LV grid. Depending on the LV grid model granularity, these 

parameters can be either directly used in the model (e.g., nominal transformer capacity) or used to deduce the parameters necessary 

for the grid model through some assumptions. For example, the average length of consumer links can be used to determine the 

length of each consumer link by assuming that the length of each consumer link is equal to this average. Note that the possible 

values for some characteristic parameters in Table 1 are from the collected data listed in Table 2. 

Table 1 – Description of grid technical parameters. 

 

 

 

 

 

phase   

phase  

neutral 

 

 edium 

voltage grid

  
  
   

 

   

 

 

 

  2     
 

...

phase 2
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Distribution 
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Characteristic parameter Description  Possible values 

Parameters related to the island configuration and transformer 

Number of consumers 
per island 

The number of consumers in the whole LV distribution island.   Integer 

Average number of 
consumers per feeder  

This parameter is calculated by dividing the number of consumers per island 𝐷𝑖 by the 
number of feeders on this island. 

Integer 

Percentage of consumers 

connected to three 
phases  

Consumers can be connected to one (e.g.,  consumer in position 𝑘 = 1 in Figure 3) or three 

phases (e.g., consumer in position 𝑘 = 5 in Figure 3). This parameter represents the share 

of the island consumers connected to three phases.  

Continuous 

Transformer nominal 

power 𝑆𝑛𝑜𝑚(𝜏) (kVA) 

The no-load losses, the phase resistance and reactance of the transformer can be deduced 

from the transformer nominal power 𝑆𝑛𝑜𝑚(𝜏) (see Appendix A). 

75, 100, 150, 160, 250, 

300, 400, 630, 800  

Parameters related to feeder segments 

Average length between 

two consecutive nodes 
(m) 

This parameter is calculated by dividing the total length of the feeder cable by the number 

of consecutive nodes (e.g., nodes in positions 𝑘 = 1 and 𝑘 = 2 in Figure 3).  

Continuous  

Feeder cables cross-

section (mm2) and 

material 

The feeder cables cross-section and material influence their linear resistance, linear 

reactance and ampacity (see Appendix A).  

16, 25, 35, 50, 55, 70, 95, 

120, 150, 185, 240, 300, 

400, 500; 

Aluminium, copper  

Underground ratio (%) The percentage of feeder cables that are undergrounded. This parameter influences the 

cable linear reactance and ampacity (see Appendix A) as well as the cable replacement 
costs (see Section 5.2). 

Continuous 

Parameters related to consumer links 

Average length of 
consumer links (m) 

This parameter is calculated by dividing the total length of consumer links by the number 
of consumers.   

Continuous 
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4.2 Collected data 

Table 2 presents the values of the technical parameters of LV grids collected through open access grids and scientific articles. Each 

line corresponds to one grid. The origin of each grid is specified through the source reference and a label pointing out whether this 

reference is an open access grid repository (OG) or a scientific article/report (AR). Most of the references are based on existing 

grids. The grids are presented per country and zone. Some grids are designated as generic European grids and labelled ‘Europe’ in 

Table 2. Since some zones had similar names (e.g., rural and village), in order to present the data clearly, two zones (i.e., rural and 

urban) were defined, as the LV feeders could often be catalogued under these two zones [13]. The LV grids in other zones were 

grouped into the corresponding two zones. ‘Semi-rural’ and ‘village’ were included into the ‘rural’ zones, while ‘town’, ‘semi-

urban’ and ‘suburban’ were considered as ‘urban’ zones. Meanwhile, the original type of LV grid other than ‘urban’ and ‘rural’ is 

shown in column 1 of Table 2. Besides, it should be noticed that some grids did not specify the zone (labelled as ‘unspecified zone 

in Table 2).  

Note that some LV grids had multiple rated nominal powers of transformers from the DSOs, which meant that the transformers 

were all available for the corresponding grid. Besides, it was unclear for some LV grids whether the consumer links were considered 

and/or the difference was not made between the consumer links and the main feeder cables (which contributes to the ‘length between 

two consecutive nodes’). In such cases, since the length between two consecutive nodes was usually higher than the one of the 

consumer links, and to be on the conservative side for grid stability analyses, the entire reported cable length was allocated to the 

main feeder cables. 

Table 2  – Data collected on the values of grid technical parameters. 

Grid origin Number of 

consumers 
per island  

Average 

number of 

consumers 
per feeder 

Percentage of 

consumers 

connected to 
three phases 

Transformer 

nominal power 

𝑆𝑛𝑜𝑚(𝜏) (kVA) 

Average length 

between two 

consecutive 
nodes (m) 

Feeder cross-

section (mm2) 

and material 

Underground 

ratio (%) 

Average 

length of 

consumer 
links (m) 

Consumer 

links cross-

section (mm2) 
and material 

Notations. OG: open access grid, AR: scientific articles and reports, al (aluminium), co (copper)  

Example of notation explained: 3×95 + 1×50 (40%), 4×150 (60%) al: for 40% of feeder segments, the cross-section of phases 1, 2 and 3 is 95 

mm2 and the one of the neutral is 50 mm2. For the remaining 60% of feeder segments, the cross-section is 150 mm2 for all phases and the 
neutral. All feeder segments are in aluminium. Note that the cross-section of the neutral is not always specified (e.g., 3×185 al). 

Europe (EUR), rural 

1 AR [70] 39 13 0 630 48  0   

2 AR [70] 24 6 0 250 190  0   

3 AR [70] 21 7 0 75 70  0   

4 AR [70] 27 9 0 100 21  100   

5 AR [70] 14 5 0 100 62  41   

6 AR [46] 51  0 100/250/400 27  4   

7 AR [70] 

(semi-rural) 
233 47 0 630 8  100   

8 AR [70] 

(semi-rural) 
214 31 0 800 10  100   

Europe (EUR), urban 

1 AR [71] 107 36  400 2  100   

2 AR [46] 101  0 400/630/1000 4  86   

3 AR [47] 

(town) 
270 50 0 

100 (3%)/250 

(3%)/630 (93%) 
3 

3×240 + 

1×150 al 
54   

4 AR [71] 

(semi-urban) 
108   400 11  100   

5 AR [46] 

(semi-urban) 
87  0 

100/250/400/ 

630/1000 
8  42   

Europe (EUR), unspecified zone 

1 OG [53] 55 55 0 800 26     

2 AR/OG 

[72][56]  
6 6 0 500 63 

3×240 (53%), 

3×50 (47%) al 
100   

3 AR/OG 

[72]  
1 1 0 150 200 3×150 al 100   

4 AR/OG 

[72] 
8 8 0 300 30 

3×70 (42%), 

3×25 (21%), 
0   

Consumer links cross-

section (mm2) and 
material 

The consumer links material and cross-section influence their linear resistance, linear 

reactance and ampacity (see Appendix A).  

16, 25, 35, 50, 55, 70, 95, 

120; 

Aluminium, copper   

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



Page 8 of 22 

Grid origin Number of 

consumers 
per island  

Average 

number of 

consumers 

per feeder 

Percentage of 

consumers 

connected to 

three phases 

Transformer 

nominal power 

𝑆𝑛𝑜𝑚(𝜏) (kVA) 

Average length 

between two 

consecutive 

nodes (m) 

Feeder cross-

section (mm2) 

and material 

Underground 

ratio (%) 

Average 

length of 

consumer 

links (m) 

Consumer 

links cross-

section (mm2) 

and material 

Notations. OG: open access grid, AR: scientific articles and reports, al (aluminium), co (copper)  

Example of notation explained: 3×95 + 1×50 (40%), 4×150 (60%) al: for 40% of feeder segments, the cross-section of phases 1, 2 and 3 is 95 

mm2 and the one of the neutral is 50 mm2. For the remaining 60% of feeder segments, the cross-section is 150 mm2 for all phases and the 

neutral. All feeder segments are in aluminium. Note that the cross-section of the neutral is not always specified (e.g., 3×185 al). 

3×16 (39%) al 

Belgium (BE), rural 

1 AR [69] 79 28 0  23 al 100 8  

2 AR [13] 64 16  250 23 
4×70 (25%), 

4×120 (75%) al 
100   

3 AR [73] 20 7 0  44  100   

4 AR [58] 73 15 0 160 22 4×70  8 1×16 

Belgium (BE), urban 

1 AR [69] 114 28 0  8 al  3  

2 AR [13] 85 17  400 8 

3×95 + 1×50 

(40%), 

4×150 (60%) al 

100   

3 AR [73] 42 14 0  12  100   

4 AR [73] 55 18 0  8  100   

5 AR [74] 39 39 100 160 9 3×70 + 1×50 co 100  

4×16 co 

(87%), 4×35 

co (13%) 

6 AR [58] 108 15 0 160 7 4×70  3 1×16 

7 AR [73] 

(semi-urban) 
63 9 0  26  100   

Denmark (DK), unspecified zone 

1 AR [32] 141 35        

Germany (DE), rural 

1 OG [75] 12 4 100 160 106 4×150 al 100 29 4×50 

2 OG [75] 8 3 100 250 67 4×70 al 0 4 4×35 

3 OG [75] 

(village) 
39 10 100 250 46 4×150 al 100 21 4×50 

4 OG [75] 

(village) 
36 9 100 400 34 

4×50 (50%), 

4×70 (50%) al 
50 17 4×35 

3 OG [68] 13 13  160 21 4×70 al 0   

4 OG [68] 8 4  100 49 4×70 al 0   

5 OG [68] 8 4 100 100 105 4×150 al 100 26 4×50 al 

6 OG [68] 14 7 100 160 70 4×150 al 100 26 4×50 al 

7 OG [68] 26 26 100 250 12 4×70 al 0 18 4×50 al 

9 OG [68] 26 26 100 250 26 4×150 al 100 26 4×50 al 

8 OG [68] 27 14 100 100 13 4×70 al 0  4×50 al 

10 OG [68] 27 14 100 100 29 4×150 al 100 25 4×50 al 

11 OG [68] 

(village) 
57 10 100 400 37 4×150 al  23 4×50 al 

12 OG [68] 

(village) 
58 12 100 400 31 4×150 al 100 23 4×50 al 

13 OG [68] 

(village) 
117 13 100 250 29 4×150 al 100 23 4×50 al 

Germany (DE), urban 

1 OG [68] 

(suburban) 
146 15 100 630 20 4×150 al 100 11 

4×50 al 

(50%), 4×35 
al (50%) 

2 OG [68] 

(suburban) 
144 16 100 630 22 4×185 al 100 11 

4×50 al 

(50%), 4×35 
al (50%) 

3 OG [68] 

(suburban) 
145 24 100 630 12 4×150 al 100 11 

4×50 al 

(50%), 4×35 
co (50%) 

4 OG [68] 145 21 100 630 17 4×185 al 100 11 4×50 al 
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Grid origin Number of 

consumers 
per island  

Average 

number of 

consumers 

per feeder 

Percentage of 

consumers 

connected to 

three phases 

Transformer 

nominal power 

𝑆𝑛𝑜𝑚(𝜏) (kVA) 

Average length 

between two 

consecutive 

nodes (m) 

Feeder cross-

section (mm2) 

and material 

Underground 

ratio (%) 

Average 

length of 

consumer 

links (m) 

Consumer 

links cross-

section (mm2) 

and material 

Notations. OG: open access grid, AR: scientific articles and reports, al (aluminium), co (copper)  

Example of notation explained: 3×95 + 1×50 (40%), 4×150 (60%) al: for 40% of feeder segments, the cross-section of phases 1, 2 and 3 is 95 

mm2 and the one of the neutral is 50 mm2. For the remaining 60% of feeder segments, the cross-section is 150 mm2 for all phases and the 

neutral. All feeder segments are in aluminium. Note that the cross-section of the neutral is not always specified (e.g., 3×185 al). 

(suburban) (50%), 4×35 
co (50%) 

5 OG [68] 

(suburban) 
191 21 100 250 17 4×150 al 100 11 

4×50 al 

(50%), 4×35 
co (50%) 

6 OG [68] 

(suburban) 
192 21 100 250 17 4×185 al 100 11 

4×50 al 

(50%),4×35 
co (50%) 

7 OG [75] 

(suburban) 
101 9 100 400 31 

4×95 (7%), 

4×120 (16%), 

4×150 (77%) al 

100 18 4×35 

8 AR [63] 

(suburban) 
122 20 100 250      

Germany (DE), unspecified zone 

1 AR [37] 80 40   30 4×150 al    

Ireland (IE), urban 

1 AR [30] 

(semi-urban) 
78 78 0    100   

Italy (IT), unspecified zone 

1 AR [11] 23 8 9 250 109 

3×150 + 1×95 

(7%) co, 

4×25 (31%) co, 

3×70 + 1×55 
(11%) al, 

4×16 (51%) co 

   

Netherlands (NL), unspecified zone 

1 AR [35] 340 18  400  co    

Switzerland (CH), urban 

1 AR [25] 111         

UK, rural 

1 AR [76] 

(village) 
 4   32     

UK, urban 

1 AR [77] 

(semi-urban) 
400 100  630 12 3×185 al   1×25 

2 AR [76] 

(town) 
 19   15     

3 AR [76]  39   12     

UK, unspecified zone 

1 AR [78] 265 66 9 500      

2 AR [79] 351 59 0  26     

3 AR [80] 636 91 0 750 29  100   

5 AR [81] 428 86 0 800   100   

6 AR [82] 200 50 0 800 29  100   

7 AR [82] 567 113 0 800 27  100   

8 AR [82] 370 62 0 800 28  100   

9 AR [82] 186 31 0 800 36  100   

10 AR [82] 335 42 0 800 28  100   

11 AR [82] 171 86 0 800 26  100   

12 AR [82] 471 67 0 800 22  100   

13 AR [82] 354 177 0 800 36  100   

14 AR [82] 293 49 0 800 25  100   

15 AR [82] 64 11 0 800 64  100   

16 AR [82] 214 43 0 800 35  100   
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Grid origin Number of 

consumers 
per island  

Average 

number of 

consumers 

per feeder 

Percentage of 

consumers 

connected to 

three phases 

Transformer 

nominal power 

𝑆𝑛𝑜𝑚(𝜏) (kVA) 

Average length 

between two 

consecutive 

nodes (m) 

Feeder cross-

section (mm2) 

and material 

Underground 

ratio (%) 

Average 

length of 

consumer 

links (m) 

Consumer 

links cross-

section (mm2) 

and material 

Notations. OG: open access grid, AR: scientific articles and reports, al (aluminium), co (copper)  

Example of notation explained: 3×95 + 1×50 (40%), 4×150 (60%) al: for 40% of feeder segments, the cross-section of phases 1, 2 and 3 is 95 

mm2 and the one of the neutral is 50 mm2. For the remaining 60% of feeder segments, the cross-section is 150 mm2 for all phases and the 

neutral. All feeder segments are in aluminium. Note that the cross-section of the neutral is not always specified (e.g., 3×185 al). 

17 AR [82] 330 110 0 800 25  100   

18 AR [82] 258 65 0 800 30  100   

19 AR [82] 317 53 0 800 29  100   

20 AR [82] 636 91 0 800 29  100   

21 AR [82] 238 60 0 800 29  100   

22 AR [82] 883 126 0 800 26  100   

23 AR [82] 328 36 0 800 29  100   

24 AR [82] 353 71 0 800 30  100   

25 AR [82] 162 32 0 800 16  100   

 

In Table 2, the UK has many recorded LV grids, but most are located in an unspecified zone. The generic European, Belgian and 

German grids have at least one grid in the rural and urban zones. The German LV grids are the best documented and most numerous, 

containing almost all types of technical parameters collected here.  

To demonstrate the dispersion of the data for each technical parameter, box-and-whisker plots for the parameters are shown in 

Figure 4. Since the cross-sections of phase cables and neutral cables of a feeder cable might differ, the cross-sections of phase cables 

and neutral cables are depicted in Figure 4f and Figure 4g separately. Note that for parameters in one grid that had multiple data 

(e.g., 4×50 mm2 (50%), 4×70 mm2 (50%)), only the arithmetic mean for that parameter in that grid was calculated and plotted in 

Figure 4. The cable materials for feeder cables and consumer links are not represented in Figure 4. However, it is observed in Table 2 

that aluminium is more widely used in the main feeder and consumer links cables than copper. 

It is noticed that the number of consumers in the island and feeder (Figure 4a, b) are the parameters included most often in the 

collected LV grids, followed by the length between two consecutive nodes (Figure 4e) and transformer nominal power (Figure 4d). 

In contrast, only a few collected LV grids contain the parameters relevant to consumer links (Figure 4i, j). The remaining parameters 

are mainly available for the generic European, Belgian and German rural and urban grids. Thus, the technical parameters of those 

three grids and other grids with multiple data were primarily analysed.  

Regarding the number of consumers per island and the average number of consumers per feeder shown in Figure 4a and 4b, the grid 

data in UK unspecified zones have the largest discrepancy (i.e., standard deviation). The data on the average number of consumers 

per feeder for UK urban grids also varies a lot. For generic Europe, Belgium and Germany, the arithmetic mean of these two latter 

parameters is larger in the respective urban grids than in the rural grids. Their standard deviation is similar for the three countries’ 

respective urban and rural grids. For the percentage of consumers connected to the three phases, most grids have zero or fairly low 

values for this parameter. This compares to 100% for German rural and urban grids. For the transformer nominal power of generic 

European, Belgian and German grids, the arithmetic mean is also greater in urban ones than in rural ones. In the UK unspecified 

zones, most of those grids have a transformer nominal power of 800 kVA and an average length between two consecutive nodes of 

about 30 m. For generic Europe, Belgium and Germany, the rural grids in the respective countries/region usually have a longer 

average length between two consecutive nodes than the urban ones.  

As shown in Figure 4f and 4g, the cross-sections of the feeder phase and neutral wires of German rural and urban grids are the same. 

The feeder cables cross-sections of German rural grids are generally smaller than that of German urban grids. For Belgian grids, the 

arithmetic mean of cross-sections in Belgian rural and urban feeders are close. However, the urban feeder cross-sections have a 

larger standard deviation than the rural ones. The feeders of collected grids in generic European unspecified zones are a three-wire 

system with a large range of phase wire cross-sections from 40 mm2 to 150 mm2. The underground ratios of collected Belgian, 

German urban, Italian urban, and UK unspecified zone grids are 100%. In comparison, the underground ratios of other grids vary a 

lot, ranging from 0 to 100%. The arithmetic means of underground ratios of generic European and German rural grids are smaller 

than those of corresponding urban grids, indicating that the feeder cables in urban grids are more likely to be underground. The 

collected Belgian and German grids record the most detailed data on parameters related to consumer links (Figure 4i, j). It can be 

seen that, in these two countries, the average length of consumer links is larger in rural grids than in urban grids. In comparison, the 

average consumer links cross-sections of rural and urban grids within each of those two countries are the same.  
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 Figure 4 – Box-and-whisker plots of grid technical parameters in different countries and zones. The countries or region are indicated by the 

corresponding abbreviations, while the letters “R”, “U”, and “Un” in parentheses stand for rural, urban and unspecified zones, respectively. A 

red box covers the country/region without data for the corresponding technical parameter in each subfigure. 

4.3 Discussion and recommendation of representative values for LV grid technical parameters 

Academics and DSOs can select the appropriate LV grid and associated technical parameters they need from Table 2 and 

corresponding references for their analyses. However, as there are multiple LV grids in some countries/regions, it may be useful 

and more straightforward for certain studies to use a single grid for the corresponding country/region based on the collected data. 

According to Table 2, the generic European, Belgian, and German LV grids have at least one grid in the rural and urban zones. 

Thus, the representative values for technical parameters are recommended for these rural and urban LV grids. 

The generic European LV grids can be used for all European countries or the remaining countries after the exclusion of Belgium 

and Germany. It is important to note that, in most cases, the recorded European LV grids were obtained from aggregating data from 

several countries, which are usually unspecified. Thus, it cannot be concluded, for instance, that Norwegian LV grids have the same 

technical parameters as Spanish ones. Additionally, there is no guarantee that the grid parameters from the literature are 

representative of the grids in the considered European countries. It is believed that these issues highlight the general lack of open 

access initiatives on LV grids. If DSOs could provide more data in open access, this would allow more country-specific trends to 

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j)

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



Page 12 of 22 

be considered and the representativeness of these trends would be improved. Nevertheless, it is recommended to use the generic 

European LV grids for the relevant research as a first estimate when grid data for one specific European country is unavailable. 

For the sake of conciseness, the ‘average’ method based on the collected LV grid data was primarily used to recommend values for 

one grid per country and zone (rural/urban). However, academics can also develop a grid using their own methods based on the data 

in Table 2. For German LV grids, the values of the collected technical parameters in the corresponding country and zone in Table 2 

were averaged. For the transformer nominal power, feeder cables cross-section and consumer links cross-section, the corresponding 

values were averaged and then rounded to the closest possible discrete value listed in Table 1. Since the consumer loads can be one- 

or three-phase connected, only the consumer link cross-section value is shown. Moreover, regarding the materials of feeder cable 

and consumer links, the most frequent occurrence of the material, aluminium, is recommended.  

The same method was adopted for the Belgian LV and generic European grids. Besides, some assumptions for the generic European 

LV grids were proposed due to the lack of relevant data. For the consumer links, the corresponding values for the Belgian and 

German LV grids in urban and rural zones were averaged. Notably, the average values for the consumer links cross-sections of the 

generic European grids were then rounded to the closest possible discrete value (i.e., 35 mm2) listed in Table 1. Moreover, the feeder 

cables cross-section and material for the generic European rural grids were assumed to be the same as for the European urban grid. 

Table 3 shows the representative values of technical parameters recommended for the generic European, Belgian and German LV 

grids. The values obtained from these assumptions are marked in green and can be updated if more data become available in the 

future. The standard deviation for each technical parameter of different grids is also listed in parenthesis to demonstrate the variation 

of collected values. 

The reliability and efficiency of LV distribution networks operation are facing new challenges due to the increasing penetration of 

local renewable energy sources and new loads. When new loads (e.g., heat pumps) are integrated into LV grids, grids may suffer 

instability problems (e.g. under voltages, cables overloading) [83]. Whereas, when distributed generation (e.g., photovoltaic panels) 

is integrated into LV grids, it may destabilize or, on the opposite, stabilize the grid by allowing loads to consume locally produced 

energy [84].  

Certain grid parameters that we have collected are the most likely to affect the emergence of grid stability problems when LCTs are 

integrated. The higher the percentage of consumers connected to three phases, the greater the possibility that LCTs can be three-

phase connected without additional investment, which reduces voltage deviation and unbalance problems [58]. If the transformer 

nominal power is oversized in comparison to the consumption, then the transformer is less likely to be overloaded, and the possibility 

of voltage deviations is reduced [85]. Moreover, a shorter average feeder length between two consecutive nodes and a shorter 

average length of consumer links can contribute to smaller voltage variations, reducing voltage deviation and unbalance between 

the phases. Increasing the cross-section of the main feeder cables and consumer links also tends to decrease voltage variations by 

reducing cable resistance. The underground ratio slightly affects the cable ampacity [86] (see Appendix A), so it has a relatively 

small effect on grid stability. It is worth noting that general trends are given here, and the exact magnitude of the impact of each 

parameter on grid stability depends on the considered specific grid.   

In general, more grid stability problems are encountered in rural grids than in urban grids [23][26][58]. Indeed, as shown in Table 3, 

urban grids tend to have a shorter average feeder length between two consecutive dwellings and a shorter average length of consumer 

links, as well as a higher percentage of three-phase connected consumers compared to rural grids. This suggests that if LCTs are 

integrated homogeneously into urban and rural grids, rural grids will likely require more reinforcements in the future. The knowledge 

of the trends presented in this paragraph and the previous one combined with the collected technical parameters (see Table 2) may 

help policymakers to identify areas where LCTs are unlikely to pose grid stability issues and thus help them to orientate their policy. 
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Table 3 – Representative values recommended for the European LV grids’ technical parameters.  

Number of 

consumers 
per island  

Average 

number of 

consumers 
per feeder 

Percentage of 

consumers 

connected to 
three phases 

Transformer 

nominal power 

𝑆𝑛𝑜𝑚(𝜏) (kVA) 

Average length 

between two 

consecutive 
nodes (m) 

Feeder 

cross-

section 

(mm2) and 
material 

Underground 

ratio (%) 

Average 

length of 

consumer 
links (m) 

Consumer 

links cross-

section (mm2) 
and material 

Europe, rural 

78 (91) 17 (16) 0 (0) 400 (288) 55 (59) 
3×240 + 

1×150 al 
43 (49) 15 35 al 

Europe, urban 

135 (76) 43 (10) 0 (0) 630 (130) 6 (4) 

3×240 (0) 

+ 1×150 

(0) al 

76 (27) 8 35 al 

Belgium, rural 

59 (27) 17 (9) 0 (0) 250 (64) 28 (11) 

3×95 (27) 

+ 1×95 
(27) al 

100 (0) 8 (0) 16 (0) al  

Belgium, urban 

72 (31) 20 (10) 17 (41) 250 (139) 11 (7) 

3×95 (33) 

+ 1×95 
(31) al 

100 (0) 3 (0) 16 (0) al  

Germany, rural 

32 (29) 11 (7) 100 (0) 250 (110) 45 (30) 

3×120 (41) 

+ 1×120 
(41) al 

61 (49) 22 (7) 50 (0) al  

Germany, urban 

148 (31) 18 (5) 100 (0) 400 (190) 19 (6) 

3×185 (20) 

+ 1×185 
(20) al 

100 (0) 12 (3) 50 (3) al 

5 Economic parameters 

5.1 Parameter description and collected data 

To investigate the economic potential and influence of LCTs integration into LV grids, the economic parameters related to LV grid 

components are also necessary. Table 4 shows the description and price ranges of the collected economic parameters from the 

literature study, as well as the European country abbreviations of the corresponding data sources. Studies in Germany (DE), Belgium 

(BE) and the UK provided the most data regarding recorded economic parameters. As the prices of goods and services progressively 

increase over time, the costs collected from scientific articles and reports were updated with Eq. (1) to calculate the corresponding 

“2020 equivalent cost”. Thus, the values listed in Table 4 are prices in the year 2020.  

𝐶2020 = 𝐶𝑦 ∙ (1 + 𝑟)(2020−𝑦) (1) 

where 𝐶2020 and 𝐶𝑦 are the “2020 equivalent cost” and the “cost at year 𝑦” (provided in the article/report), respectively. 𝑟 is the 

inflation rate, taken to be equal to the average EU yearly inflation rate of 1% from 2016 to 2020 [66]. Note that the cost can also be 

updated to express the equivalent cost in future years using the same method as in Eq. (1).  

Using the values of economic parameters, the life-cycle cost method is usually leveraged to investigate the potential grid 

reinforcement cost caused by LCTs [35][58]. Note that apart from the collected economic parameters, some LV grid technical 

parameters (see Section 4) are also usually needed in the economic analysis.  
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Table 4 – Description and price ranges of economic parameters. 

Parameter Description Values from the literature 

Transformer investment 

cost 𝐶(𝜏) 

Cost of the newly installed 

transformer.  

150 kVA: 6.7 k€ (UK [87])* 

250 kVA: 7.5 k€ (BE [13]), 7.6 k€ (DE [63]),  8.6 k€ (UK [87])* 

400 kVA:  0.2 k€ (BE [13]), 8.9 k€ (DE [63]), 8.5 k€ (DE [88]),  0.5 k€ (UK 
[87])* 

630 kVA:  4.  k€ (BE [13]),  0.9 k€ (DE [63]),   .7 k€ (DE [88]),  5.0 k€ (NL 
[35]), 2 .6 k€ (CH [89])  

800 kVA:  4.  k€ (DE [88]) 

1000 kVA: 28.  k€ (ES [90]) 

Main feeder cables 

replacement linear cost 

𝐶𝑙(𝑓) 

 

Consumer link replacement 

linear cost 𝐶𝑙(𝑐𝑙) 

Linear cost of replacing feeder 

cables. 

 

 

Linear cost of replacing 
consumer link cables. 

Overall costs 

Underground (UG) & urban: 77 €/m, UG & semi-urban:  9 €/m, Overhead 
(OH) & rural: 18 €/m (UK [87])* 

UG & roadway ground: 72 €/m, UG & sidewalk ground: 48 €/m, UG & 
meadow ground: 24 €/m (BE [13]) 

UG & semi-urban: 71-78 €/m, OH & semi-urban: 11- 5 €/m (ES [90]) 

Urban: 82 €/m (CH [89]) 

Urban: 93- 6  €/m (UK [79])* 

 

Cost breakdown 

Cables 

o 3×150 mm2:  9 €/m (DE [63]) 

o 3×150 mm2 & aluminium: 14 €/m (DE [88]) 

o 3×240 mm2 & aluminium: 20 €/m (DE [88]) 

Laying cable: 27 €/m (DE [63]) 

Surface restoration: 58 €/m (DE [88]) 

Cost of reconnecting a 

consumer link to the feeder  
This cost applies to the case 

where the consumers are initially 

connected to one phase. When 

connecting LCTs to three phases, 

the newly installed three-phase 

consumer link must be 
connected to the feeder.  

45  € (BE [13]) 

Cost of a three-phase meter  When connecting LCTs to three 

phases, a new three-phase meter 
is required. 

 49 € (BE [91]) 

Energy losses cost  Cost per kWh of energy losses 

for the DSO. 

0.046 €/kWh (BE [92]), 0.085 €/kWh (DE [63]), 0.074 €/kWh (DE [88]) 

Planning horizon This parameter is for the life-

cycle cost analysis. 

Overall project planning horizon: 33 years (BE [93]) 

Transformer lifetime: 40 years (NL [35])(DE [88]) 

Cables lifetime: 40 years (NL [35])(DE [88]) 

Discount rate  This parameter is for the life-

cycle cost analysis. 

3% (NL [35]), 4% (CH [89]), 5% (UK [87])(BE [94]), 8% (DE [88]) 

Note. *: Values were converted from £ to € with the conversion rate of  .   €/£ from   August 2020 [95].  

The value-added tax was not considered for the listed prices. 

5.2 Discussion and recommendation of representative values for the economic parameters 

Table 4 lists the economic parameters, some of which have multiple values. Stakeholders can select the appropriate values based on 

their needs. Note that the lack of available data on the cost of grid reinforcement options in all European countries is also a problem 

for the economic analysis in specific countries. In particular, differences in economic levels between countries may result in different 

costs for the same grid reinforcement option. Nevertheless, recommendations are also given for representative values for the 

economic parameters, which can be used for all European countries as a first estimate.  

Transformer investment cost. Figure 5 shows the values of the transformer investment cost as a function of the corresponding 

nominal power from the different references. It is observed that the transformer cost might strongly vary from one reference to 

another for a given transformer nominal power. Several fit functions based on the data were considered, and the one that best fitted 

the data was retained (𝐶(𝜏) = 7.13 ⋅ exp(0.0012 ⋅ 𝑆𝑛𝑜𝑚(𝜏)) , R2 = 0.33). Despite its low R2, it is observed that the fit function 

follows the general trend. This function can also be leveraged to estimate the cost of a transformer with unusual nominal power. 

Recommended representative transformer costs were then obtained from the considered fit function and listed in Table 5.  
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Figure 5 – Transformer investment cost as a function of its nominal power in the literature. 

Cable replacement cost. As seen in Table 4, most of the cable replacement cost comes from the cable installation (e.g., laying the 

cable, surface restoration) and not from the cable itself. Besides, the variation of the cable cost as a function of its cross-section has 

a small influence on the overall cable replacement cost [58][88]. Consequently, the replacement cost for the main feeder cables and 

the consumer links can be regarded as the same (i.e., 𝐶𝑙(𝑓) = 𝐶𝑙(𝑐𝑙)).  

The overall costs in Table 4 indicate that the cable replacement cost strongly varies depending on the zone (rural/urban) and on the 

cable position (underground-UG/overhead-OH). Besides, despite certain local initiatives for undergrounding cables [13], a clear 

trend toward cable undergrounding at the EU scale was not identified [71]. It is therefore assumed that UG cables are replaced by 

UG cables and OH cables by OH cables. The following formula for the cable replacement cost is thus proposed and listed in Table 5: 

𝐶𝑙(𝑓)(zone) = 𝐶𝑙(𝑐𝑙)(zone) = %UG(zone) ⋅ 𝐶𝑙(UG, zone) + %OH(zone) ⋅ 𝐶𝑙(OH, zone)  (2) 

where %UG(zone)  and %OH(zone)  are the percentages of the LV cable length which are underground and overhead in the 

considered zones. These percentages are listed in Table 3.  

𝐶𝑙(UG, zone)  and 𝐶𝑙(OH, zone)  are the linear costs of underground and overhead cable replacement in the considered zone, 

respectively. 𝐶𝑙(UG, zone) strongly varies depending on the zone as the work required to open and close a trench depends on the 

type of ground [13]. In urban zones, the average between the values for urban [87], semi-urban [87][90], sidewalk and roadway 

ground [13] was considered. This gives 𝐶𝑙(UG, urban) = 58 €/m. In rural zones, the average between the values for sidewalk and 

meadow grounds from [13] was considered, which yields to  6 €/m. 𝐶𝑙(OH, zone) is expected not to vary significantly depending 

on the zone. For instance, the cost for rural zones, 18 €/m [87], is similar to the cost for semi-urban zones, 11- 5 €/m [90]. 

Consequently, the cost for rural and urban zones can be considered equal to the average between  8 €/m and   - 5 €/m, which 

yields to  6 €/m. The difference between 𝐶𝑙(UG) and 𝐶𝑙(OH) indicates that the cable replacement cost 𝐶𝑙(𝑓) is higher in areas with 

a high underground ratio. However, it is important to keep in mind that, in comparison to overhead cables, underground cables are 

not visible in the landscape, they cause less interference with other facilities and have a lower probability of faults [96].  

Regarding the energy losses cost and discount rate, the average values were calculated from the corresponding collected values from 

Table 4, and these average values are listed in Table 5. The planning horizon from [62] (i.e., 33 years) is recommended and listed 

in Table 5 as it refers to the overall project planning horizon.  
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Table 5 – Recommended values for the economic parameters.  

Parameter Values chosen 

Transformer investment cost 𝐶(𝜏) 150 kVA: 8.5 k€  

250 kVA: 9.6 k€ 

400 kVA: 11.5 k€ 

6 0 kVA:  5.2 k€ 

800 kVA:  8.6 k€ 

 000 kVA: 2 .7 k€ 

Main feeder cables replacement linear 

cost 𝐶𝑙(𝑓)  

 

Consumer link replacement linear cost 

𝐶𝑙(𝑐𝑙) 

𝐶𝑙(𝑓)(zone) = 𝐶𝑙(𝑐𝑙)(zone) = %UG(zone) ⋅ 𝐶𝑙(UG, zone) + %OH(zone) ⋅ 𝐶𝑙(OH, zone)  
 

where %UG(urban), %UG(rural), %OH(urban), %OH(rural) are provided in Table 3, and 

𝐶𝑙(UG, urban)   58 €/m, 𝐶𝑙(UG, rural)    6 €/m, 𝐶𝑙(OH, urban)    6 €/m, 𝐶𝑙(OH, rural) = 16 €/m 

Cost of reconnecting a consumer link 

to the feeder  
45  € 

Cost of a three-phase meter  149 € 

Energy losses cost  0.068 €/kWh 

Planning horizon  33 years 

Discount rate  5.5 % 

6 Conclusions and outlook 
This paper gathers and shows the topology, technical and economic parameters of European LV distribution networks through a 

literature review, examination of European databases, and expert knowledge.  

The topology of the typical European LV grid is a three-phase four-wire radial network with one transformer and several feeders. 

The collected technical parameters (e.g., average number of consumers per feeder, transformer nominal power) of LV grids provide 

the foundation to build European LV grid models for research. It is observed that the generic European, Belgian and German grids 

have at least one grid in the rural and urban zones. The German LV grids are the best documented, containing almost all types of 

technical parameters collected in this study. Representative values for technical parameters for German, Belgian and generic 

European LV grids are recommended based on the collected resources.  

The economic parameters (e.g., transformer replacement cost, energy losses cost) related to the operation of European LV grids and 

grid reinforcements were also reviewed. Moreover, representative values for the economic parameters in Europe are recommended 

based on the collected resources.  

In addition to collecting raw data and recommending representative values of technical and economic parameters, this work gathers 

the data resources and references, which allows users (e.g., academics, DSOs) to select appropriate LV grids or develop their own 

set of technical and economic parameters of LV grids for their purposes. Given the inherent limitations of the relative lack of 

available data on the grid technical and economic parameters, the results of this study must be treated with caution. A strong effort 

from DSOs to provide even more open access data would help to improve the accuracy of grid techno-economic analyses. In 

addition, compiling and comparing grid data from future case studies will keep increasing knowledge on LV grids and their 

evolution.LV distribution networks are undergoing significant changes with the integration of LCTs, the introduction of new power 

equipment (e.g., smart meters on consumer premises) and the modification of the substations. The future LV networks should be 

more supply-driven than the current demand-driven system and more controllable. For stakeholders (e.g., DSOs, microgrids 

development companies) to play an even more active role in power system balancing, algorithms should be developed and tested in 

a realistic environment, which prompts the need to understand, master and even develop the corresponding LV test feeders. The 

reviewed LV grid topology and collected/recommended values for the grid technical parameters can support the research activities 

on future LV grids (e.g., smart grid technologies) by reducing the resources devoted to building case studies. The collected and 

recommended values for grid-related economic parameters can further be used to quantify the grid reinforcement costs due to the 

LCTs integration and evaluate carbon abatement costs (accounting for grid costs). This can inform and help stakeholders to develop 

the optimal LCTs deployment strategies to reach climate-neutral goals and be the basis for estimating whether smart grid 

technologies (e.g., demand-side management) are required depending on the context. The findings may also allow academics and 

consultants to carry out LV grids related analyses at the European scale as a first estimate, which can be of great interest to 

policymakers.  
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Appendix A. Specifications of cables and transformer 

Cables: applies to feeder segments and consumer links. 

These specifications were based on the data from Ref. [97] on cables used in LV grids. The literature review (see Section 4.2) shows 

that aluminium cables are the most common for feeder segments and consumer links. Therefore, four core cables with an aluminium 

conductor are considered, which are XLPE-insulated and PVC-sheathed. In addition, according to the specifications of Ref. [97], 

the cable ampacity slightly depends on its position (overhead or underground) due to the variation of thermal resistance of the 

medium in which the cable is [86]. Table A-1 shows the specifications of four core cables with an aluminium conductor. The average 

ampacities in the urban and rural zones for generic European, Belgian, and German LV grids can be deduced through an equation 

similar to Eq. (2) and the underground ratios listed in Table 3. 

Table A-1 – Specifications of four core cables with the aluminium conductor. 

Cross-section 

(mm2) 

Linear resistance 

(Ω/m) 

Ampacity - underground (A) Ampacity – overhead (A) 

16 2.45×10-3 71 61 

25 1.54×10-3 93 81 

35 1.11×10-3 113 97 

50 0.82×10-3 136 118 

70 0.57×10-3 166 148 

95 0.41×10-3 199 182 

120 0.33×10-3 227 211 

150 0.27×10-3 254 241 

185 0.21×10-3 288 278 

240 0.16×10-3 331 330 

300 0.13×10-3 377 380 

400 0.10×10-3 431 446 

500 0.082×10-3 487 515 

The linear reactance of feeder segments and consumer links can be considered constant and equal to 0.089×10-3 Ω/m [47]. 

Transformer. 

The values provided in the following table were obtained from [98].  

Table A-2 – Specifications of transformers. 

Nominal power 

𝑆𝑛𝑜𝑚(𝜏) (kVA) 
No-load losses (W) Phase resistance (Ω) Phase reactance (Ω) 

100 190 0.033 0.106 

150 251 0.022 0.072 

250 355 0.012 0.045 

400 511 0.007 0.029 

630 750 0.004 0.019 

800 927 0.003 0.016 

1000 1135 0.003 0.013 
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