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ABSTRACT 

The life cycle impacts of two different MV power cables 

were compared. The life cycle study revealed that the 

most impacting life step is the use phase, associated with 

operational losses in conductor. Use phase impact can be 

reduced by increasing cable cross-section, improving the 

total cable life impact. 

Installation impact is highly sensitive to installation type. 

Cable installation in urban area increases the overall life 

cycle impact compared to greenfield installations. End of 

life results provide similar conclusion: cable removal for 

recycling has no environmental benefit in urban area, 

requiring a specific trench; on the contrary, cable 

recycling is interesting in rural installation cases, from 

an environmental point of view. 

INTRODUCTION 

In the field of Transport and distribution, various studies 

have highlighted the importance of power losses 

contribution to the total Greenhouse Gases emissions 

related to power networks. In 2011, ERDF performed a 

carbon accounting and highlighted that cables are an 

important contributor to Global Warming Potential. 
 
The purpose of this study is to inventory and characterize 

the life cycle environmental impacts of MV power 

cables, and to identify the life cycle steps and processes 

that have a significant impact on the environment during 

cable lifetime. 

GOAL AND SCOPE 

The objective of this study is to evaluate the life cycle 

environmental impact of 12-20kV electrical power 

cables, as used in the medium voltage French distribution 

network. This work helps pointing out the most 

impacting life cycle steps and identifying the most 

environmentally appropriate section over the 2 cables 

considered. 

Two different MV cables, designed for buried public 

distribution network are evaluated. Both cables are made 

with 3 aluminium conductors and are compliant with NF 

C 33-226 standard. They have different conductor size, 

150mm² and 240mm² and are respectively identified as: 

- FRN20XA8E 3x1x150mm², referred as 150mm² 

MV cable 

- FRN20XA8E 3x1x240mm², referred as 240mm² 

MV cable 

Functional unit 

Life cycle assessment relies on a “functional unit” as a 

reference for evaluating the products within a single 

system on a common basis. The main purpose of the 

functional unit is to provide a reference to which input 

and output data are related. This reference is necessary to 

ensure comparability between LCA results of the two 

sections considered. 

 

For that purpose, the functional unit is defined as “To 

transmit energy expressed for 307A over a distance of 

1km during 40 years at 100% use rate, in accordance with 

the relevant standards”. 

 

To fulfil the functional unit, different quantities and type 

of material are required for each cable. These are known 

as reference flows. The main reference flow describes the 

quantity of the product (and its associated packaging) 

analyzed in order to fit with the needs of the functional 

unit. Reference flows are presented in Table 1. 

 
Table 1 Reference flows considered 

Cable Reference flow 

FRN20XA8E 

3x1x150 

1km of three phase medium voltage cable, 

conductive section 150mm² for each phase, in 

compliance with NF C 33-226 standard, and 

associated packaging (2 HBNR iron circled 

wooden drums re-used 5 times) 

FRN20XA8E 

3x1x240 

1km of three phase medium voltage cable, 

conductive section 240mm² for each phase, in 

compliance with NF C 33-226 standard, and 

associated packaging (2 IBNR iron circled 

wooden drums re-used 5 times) 

System boundaries 

The system boundaries identify the life cycle steps, 

processes and flows considered in the LCA and include 

all relevant activities in order to attain the study 

objectives. The system is based on PEP ecopassport® 

program rules (PEP-PCR-ed 2.1FR 2012-12-11) and is 
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grouped into the following life cycle stages:  

- Manufacturing: it includes raw materials 

extraction, their transportation to the production 

facility, product manufacturing and its 

transportation to the last logistic warehouse of the 

manufacturer 

- Distribution: it considers product transportation 

from the last logistic warehouse of the 

manufacturer to the use place 

- Installation: it includes all necessary steps to 

securely bury and put in operation the cables 

- Use: it reflects the operation of the product under 

current conditions, meaning the energy 

consumption during product lifetime 

- End of life: it considers cables being left in the 

ground. 

ASSUMPTIONS 

This project was undertaken in cooperation between 

Sycabel (French cable maker association), cable 

manufacturers and ERDF, the French electricity 

distribution company. Assumptions used for 

manufacturing phase come from cable manufacturers 

whereas assumptions on installation and use are based on 

ERDF analysis. 

For transportation (raw materials, products), the generic 

hypothesis from PEP ecopassport PCR have been used, 

meaning:  

- Local transportation : 1000km by truck 

- Trans-continental transportation : 3500km 

by truck 

- Worldwide transportation : 19 000km by 

boat + 1000km by truck 

Manufacturing 

Energy consumption and raw materials data have been 

collected by cable manufacturers, considering worldwide 

transportation for metals and trans-continental 

transportation hypothesis for all other raw materials. 

Distribution 

MV cables considered in the study are manufactured and 

used in France. For that reason, a local transportation 

hypothesis has been used. 

Installation 

Baseline scenario considers cables being installed in a 

rural environment, which means under road verge or 

pathways. In greenfield installation, 40% of the soil 

removed is replaced by sand. The other 60% of removed 

soil are stored at the installation place during cable 

installation and put back to backfill at the end. 

Installation machinery consumption is estimated by the 

electricity distributor company.  

Use 

Demand load varies by season and throughout the day. 

Calculation methodology to evaluate cables losses are 

provided by ERDF, and are calculated for 40 years. 

The annual and lifetime calculated losses for the two 

cables considered are presented in Table 2. 
 

Table 2 Calculated losses 

Cable 
Annual losses 

(kWh) 

Lifetime losses 

(kWh) 

FNR20XA8E 3x1x150 23 423 936 920 

FRN20XA8E 3x1x240 14 213 568 520 

 

End-of Life 

In the baseline scenario, it is assumed cables are put out 

of service and left into the ground at end-of-life step. It is 

considered to be similar to landfill. 

METHODOLOGY 

Impact assessment classifies and combines the input and 

output flows by the type of impact their use or release has 

on the environment. The environmental impact categories 

used in the study are from PEPecopassport® program 

(PEP-PCR-ed 2.1-FR-2012-12-11) which provides mid-

point indicators, meaning indicators that evaluate the 

potential environmental damages. In the LCA study, all 

PEP environmental indicators have been calculated. 

However, the combination of 10 environmental indicators 

and 2 conductors’ cross section makes the detailed 

analysis of all the results problematic. For that reason, 

only 3 environmental indicators: Global Warming, 

Energy Depletion and Water Depletion, are investigated 

and further detailed in this paper. Table 3 present the 

different environmental indicators considered. 

 
Table 3 Environmental indicators 

Indicators  Units 

Air Acidification AA kg H+ eq 

Air toxicity AT m3 

Energy Depletion ED MJ 

Global Warming GWP kg eq CO2 

Hazardous Waste Production HWP kg 

Ozone Depletion ODP kg CFC-11 eq 

Photochemical Ozone creation POCP kg C2H4 eq 

Water Depletion WD dm3 

Water Eutrophication WE kg PO4
3- eq 

Water toxicity WT m3 

 

The LCA study is consistent with ISO 14040s series. 

EIME V5.1 software, developed by CODDE – Bureau 

Veritas, was used to assist LCA modelling. It links the 

reference flows with the LCA database, and computes the 

complete LCA of the system. This software and its 

database are specifically designed for electric products. 



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

Paper 1333 

 
 

CIRED 2015  3/5 

RESULTS 

Total life cycle 

The life cycle results, including the total life cycle impact 

of manufacturing, distribution, installation, use and end-

of life, are presented in table 4 for the baseline scenario 

(rural installation, left in the ground at end of life) 

 

Table 4 LCA impacts of the whole life cycle. 
Indicator Unit 150mm² MV 

cable 

240mm² MV 

cable 

AA kg H+ eq 21.3 18.4 

AT m3 2.73E+10 2.37E+10 

ED MJ 1.27E+07 8.17E+06 

GWP kg eq CO2 1.66E+05 1.25E+05 

HWP kg 2130 3390 

ODP kg CFC-11 eq 0.284 0.177 

POCP kg C2H4 eq 29.5 30.9 

WD dm3 1.81E+06 1.25E+06 

WE kg PO4
3- eq 3.92 3.08 

WT m3 2.01E+05 1.28E+05 

 

The results reveal that for 8 of the 10 environmental 

impacts considered, the use of 240mm² conductors is 

effective in improving environmental performance. 

Focusing on all impact categories, the mean reduction 

induced by the use of 240mm² section is -15%. However, 

240mm² MV cable is more impacting than 150mm² MV 

cable to Hazardous Waste Production (HWP) and 

Photochemical Ozone Creation (POC).  

 

The detailed impacts of the different life cycle phases for 

the 150mm² MV cable are displayed in Fig 1. 
 

 
Fig. 1. Life cycle impact of 1km of 150mm² MV cable 

 

The largest contributor to life cycle impact is generally 

the use phase. Regarding Hazardous Waste Production 

and the Photochemical Ozone Creation, the 

manufacturing phase is the most relevant contributor, 

explaining the higher impact of 240mm² compare to 

150mm² noticed in table 4. The impact of installation 

phase is also a noteworthy contributor to Photochemical 

Ozone Creation Potential. These three items, 

manufacturing installation and use, represent the main 

contribution to all impact categories. The impact of 

distribution and end of life phases are negligible over the 

whole life cycle. 

Detailed indicators 

The environmental impact comparison between 150mm² 

MV cable and 240mm² MV cable for three specific 

indicators is observed in Fig. 2. 
 

 

 

 
Fig. 2.  Life cycle impact comparison between MV cables for 

Global Warming, Energy Depletion and Water Depletion. 

 

The use of 240mm² section significantly reduces the 

environmental impact for the three environmental 

considered:  

- -25% to Global Warming Potential 

- -36% to Energy Depletion Potential 

- -31% to Water Depletion 

Use phase is the greatest contributor to the total impact 

regarding the three selected indicators. The use of higher 

cross-section cable, 240mm² instead of 150mm², reduces 

the losses associated with cable use, and its associated 

environmental impact. 

Sensitivity Analysis 

Urban zone installation 

Baseline scenario considers a greenfield installation, as 

most of the MV cables are installed by ERDF in these 

conditions rather than in urban zone. However, a 

sensitivity analysis is performed to assess environmental 

impact of urban installation. 
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In urban zone, compared to rural area, two additional 

steps are added: removing of asphalt pavement and 

installation of a new one. Moreover, in urban area 

installation, the removed soil is fully disposed off as it 

cannot be stored at the installation place for re-use. Fig. 3 

displays the inventory flow chart for both installations. 

 

Fig. 3. Installation inventory flow chart for rural and urban 

installation 

 

The comparison between rural and urban installation for 

240mm² MV cable on the three considered environmental 

indicators is presented in Fig 4. As seen on those figures, 

the type of installation has a significant impact on the 

different indicators, the urban installation increasing the 

total cable impact by 12%, 8% and 25% for respectively 

Global Warming, Energy Depletion and Water Depletion. 
 

 

 

 
Fig. 4. Life cycle impact comparison between rural and urban 

installation for 240mm² MV cable 

 

To understand the reasons of the higher impact of urban 

installation, compare to rural installation, the main 

contributors of urban installation phase have been 

analyzed. The results are presented in Fig 5 below.  
 

 
 

Fig. 5. Contributors to installation impact in urban area. 

 

The main contributors to the urban installation impact are 

related to the impact of bitumen, sands and gravels, 

which highly impact the new asphalt and backfill steps.  

 

Recycling at end of life 

Baseline scenarios consider that the cables are left into 

the ground at end of life, without recovery of any 

materials. Indeed, during the installation phase, the “old” 

cable continues to fulfil its function as long as the new 

cable is not fully installed, connected and ready to work. 

At the time the new cable is put into operation, the 

installation work has been finalized for weeks, and the 

old cable cannot be removed anymore. 

In this sensitivity analysis, another approach is studied, 

considering that cables in rural areas are removed from 

the ground at end of life and treated for materials 

recovery (grinding and plastics / metals separation). One 

option in this approach is to extend system boundaries by 

allocating an environmental credit to the products whose 

constituting materials are recovered at end-of-life. It is 

then assumed that the metallic components are fully 

recovered by recycling and that the avoided burden of 

primary material production is equal to 100% of the 

metallic quantity inputs. Plastics and other materials 

treatment remains landfilling. 

To model this end of life scenario, several steps were 

considered:  

- Cable removal from the ground (excavation and 

backfill) 

- Cable grinding and metal/plastic separation 

- Optional negative amount of primary aluminium 

(to model substitution). 

The removal scenario differs from the installation one, 

considering that the removed soil is used for backfill.  

0 50 000 100 000 150 000 200 000

Rural 
installation

Urban 
installation

Global Waming Potential (kg CO2 eq)

0 5 000 000 10 000 000 15 000 000

Rural 
installation

Urban 
installation

Energy Depletion (MJ)

0 500 000 1 000 000 1 500 000 2 000 000

Rural 
installation

Urban 
installation

Water Depletion (m3)

Manufacturing Distribution Installation Use End of Life

0%

20%

40%

60%

80%

100%

Global Warming Energy Depletion Water Depletion

Other building machines New Asphalt
Backfill Cable installation
Clear out Asphalt removal



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

Paper 1333 

 
 

CIRED 2015  5/5 

 

 

 
Fig. 6. Life cycle impact of 240mm² MV cable for different end 

of life scenarios: landfill and recycling with and without benefit 

allocation. 
 

As seen in Figure 6, when benefit allocation is not 

considered, the total life cycle impact is slightly increased 

(+0,1%) when assuming recycling at end of life. Indeed, 

in this scenario and compared to baseline scenario, 

additional processes are added (excavation, 

transportation, backfill), increasing the end of life impact. 

Over the total life cycle impact, those additional steps 

impacts remains whatever very low. The environmental 

impact of raw materials’ end of life, metals excluded, 

remain the same, as considering in both cases a landfill 

impact. 

However, when considering an environmental benefit 

associated with aluminum recycling, the total life cycle 

impact is reduced, with the higher benefit for Global 

Warming Potential (-20%). For both Water Depletion and 

Energy Depletion, the impact reduction on total life cycle 

is around -5% when considering recycling with benefit 

allocation. 

Similar calculations have been performed for urban area 

installation. Contrary to rural area, for urban installation, 

recycling with benefit allocation does not lead to a 

reduction of the life cycle impact. Indeed, the benefit 

associated with metals recycling does not compensate the 

additional impact related to asphalt removal and 

installation of the new one. In any case (with and without 

benefit allocation), the recycling of cables at end of life in 

urban area increases the total life cycle impact, compared 

to cables left into the ground. 

DISCUSSION 

The most significant result from this study is that for 

most of the environmental indicators, the most impacting 

life phase is the use phase, associated with the impact of 

operational electrical losses. There are two exceptions for 

Hazardous Waste Production and Photochemical Ozone 

Creation for which the manufacturing phase also has a 

significant impact, due to the impact of aluminium. The 

consequence is that, by increasing the cross-section to 

one size above the technically required section, the losses 

can be reduced, and then it decreases by about one third 

the cable life impact. Therefore, the best method to 

reduce cable life impact would be to evaluate the 

optimum conductor size by minimizing the 

environmental impact and economical costs 

The influence of electricity mix during the use phase was 

not evaluated in this study. French electricity mix was 

used for all evaluations. A sensitivity analysis could be 

performed to confirm this conclusion by evaluating 

various electricity mixes. Nevertheless, considering the 

relative low Global Warming impact of the electricity 

mix considered,  related to the high percentage of nuclear 

production , it is expected that the change in electricity 

mix would not change the conclusion on use phase 

predominant impact. 

The sensitivity analysis revealed that the installation type 

in urban area is responsible for a larger impact than the 

one in rural area, leading to a significant impact on cable 

life. For urban installation, it would be recommended to 

evaluate other installation type, unlike systematically 

asphalt removal and digging. Solutions like tunnels or 

tubes could potentially make easier cable installation and 

removal, and reduce inconveniences related to network 

installation to residents in urban areas.  

Finally, if recycling is considered at end of life, cables 

recovery only presents an interest in rural area, and only 

when allocation benefit is taken into account. On the 

opposite, for urban installation, the results conclude that 

the impact of cables removal is too high to compensate 

the benefit associated with metals recycling. The 

environmental interest of recycling depends on 

installation conditions and should be evaluated case by 

case. 

CONCLUSION 

The goal of this work was to determine the life cycle 

impacts of two different MV network power cables. The 

life cycle results revealed that the operational losses in 

the conductor are the predominant impact and that life 

cycle impact can be reduced by optimizing the cable 

cross-section. Installation type in urban or rural area 

highly influences installation impact and recycling 

benefit.  

The modification in urban installation processes could 

both reduce cable life impact and improve potential 

interest of cable recycling. 
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