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EXECUTIVE SUMMARY 
In 2017, the European Copper Institute (ECI) commissioned DNV GL to carry out a study to establish the 
role of copper in future electricity distribution grids, in the European context and with the horizon of 
2050. DNV GL conducted a study based on five steps: 

1. Assessment of existing energy scenarios (global, Europe and country specific) 

2. Issuing as survey regarding distribution grid developments among experts and stakeholders 

3. Organizing a workshop with experts/stakeholders to discuss 5 energy visions developed in this 
study based on the survey results and the assessment of scenarios 

4. Consolidation of the results of previous steps in two pathways for the development of distribution 
grids in Europe 

5. Assessment of the required copper additions for each pathway based on a grid expansion model 
developed for this study. 

In total, more than 26 energy scenarios were reviewed and analyzed. One of the conclusions of this 
review was that distribution grid developments were not discussed in these scenarios. The scenarios 
mainly focus on energy demand and energy production. 

The five energy visions that were developed and used as an input for the “future distribution grids” 
workshop held on the 28th of June 2017 in Brussels, each had a different focus: 

1. Business as usual 

2. Electrification of energy demand 

3. Large scale renewable power generation 

4. Local and renewable power generation 

5. Storage. 

Based on the discussions and output of this workshop, DNV GL identified two main development paths for 
distribution grids: 

• Centralized pathway 

• Decentralized pathway. 

Both pathways present extremes in distribution grid development. The main difference is that the 
centralized scenario assumes a dimensioning of distribution grid based on the peak load and the 
decentralized scenario assumes a dimensioning on the average load.  

The main differentiating factor is the implementation of much decentralized generation combined with 
storage and demand response in the decentralized scenario, which evens out the distribution grid peak 
load considerably. The development and implementation of generation combined with demand response 
and storage on distribution level are therefore interesting parameters to monitor in relation to copper 
use expectations 

Differences in distribution grid developments will materialize only on the midterm as on short term, 
planning processes, investment plans etc. are rather fixed. Therefore, both pathways start out similarly 
but start to diverge around 2030: a two-step transition period 2017-2030 and 2030-2050. 

The assumption of centralized versus decentralized has a major impact on the copper use: for the 
centralized pathway, the total copper additions amount 3700 kTons, for the decentralized scenario 
1600 kTons. The difference is more than a factor 2. This reflects the difference between dimensioning the 
grid on peak load and on average load. 

http://www.dnvgl.com/energy
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For the decentralized scenario, about 50% of the increase is due to grid expansion (more customers) and 
50% to grid reinforcement (more peak load per customer). For the centralized scenario, reinforcements 
are good for about 80% of the copper additions. This is partly due to the current planning process that 
requires expanding the grid when the peak load reaches 55% of the actual grid capacity. Assuming a less 
conservative planning process, allowing for grid peak loads of 60 % (low voltage grid) and 65% (medium 
voltage grid) the copper additions decrease with almost 50%. The planning process has therefore a large 
impact on the copper additions. 

Looking at copper additions for reinforcements, the largest part is due to additions of lines and cables 
(more than 85%), transformers account or more than 10% of the additions and approximately 2% of the 
additions can be assigned to substations. The ratio of copper lines and cables versus aluminum lines and 
cables is therefore a very sensitive model parameter. 

About 60% of the copper additions for expansion and replacement are due to the LV-grid and 40% to 
the MV-grid.  

http://www.dnvgl.com/energy
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1 INTRODUCTION 
Why this study 

The global energy transition from fossil and nuclear energy use to renewable energy use is expected to 
bring changes to our power system rapidly. This will have a significant impact on the electricity distribution 
grids. Many scenarios have already been developed by multiple stakeholders to sketch pathways to and 
pictures for the future energy system and demand. General trends are that customers will become 
prosumers, producing their own electricity (solar-PV combined with storage systems). Heat demand will 
be electrified (heat pumps) and light and medium duty vehicles will use electric drive trains combined with 
electricity storage. Some scenarios forecast that selected customers will go off-grid and do not need a 
connection to the distribution grid any more. They realize their own microgrid with other customers.  

The European Copper Institute (ECI) represents the copper industry in Europe. They are member of the 
global Copper Alliance. ECI is interested in a better understanding of the long-term implications of the 
energy transition for distribution grids in Europe. They have commissioned DNV GL to study the impact of 
the energy transition on distribution grids and the impact on copper demand for distribution grids. 

Questions to be answered are: 

• What grid typology can be expected for future distribution grids and what will be the conductor 
demand?  

• What type of cables (e.g. aluminum (Al) versus copper (Cu)) will be used and will they have to 
meet other/new requirements? 

• What is the resulting impact on the share of copper used as a conductor in distribution systems?  

Approach to this study 

DNV GL conducted this study together with Alliander (one of the major energy distribution grid companies 
in the Netherlands). Alliander has provided DNV GL with hands-on experience regarding (developments in) 
electricity distribution grid topologies, grid dimensions, the use of copper and/or aluminum cables and the 
use of copper in transformers and bus bars.  

This study started with a review of about 30 scenario studies for the energy transition in Europe and the 
world. These scenarios were all summarized in a predefined scenario template and assessed to identify 
common trends and developments with respect to distribution grids. 

Additional to that, DNV GL developed a survey that was answered by more than 30 stakeholders/specialists 
in the field of energy distribution. This survey focused on developments in distribution grids, customer 
behavior, decentralized generation and copper use in distribution grids.  

The results of the scenario analysis and of the survey were used to develop five dedicated visions for this 
study to analyze the impact of distribution grid development on copper use. These five visions represent 
major uncertainties in the energy transition regarding distribution grids: electrification of demand, 
implementation of storage, development of centralized renewable generation and development of 
decentralized renewable generation. 

These five visions were assessed again in a workshop with external experts and stakeholders. Based on 
the results of this workshop, these five visions were translated into two major pathways for the 
development of distribution grids: centralization and decentralization. The impact of both pathways was 
assessed, using a distribution grid growth model, especially developed for this project. Based on the 
pathway (centralization or decentralization) this model estimates the amount of cables, overhead lines 
and transformer stations in the distribution grid (growth and replacement). Combined with key figures for 
the average amount of copper in distribution grid components and estimates for the ratio of copper versus 

http://www.dnvgl.com/energy
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aluminum cables this resulted in an estimate for the copper use in distribution grids for both pathways. An 
additional sensitivity analysis was done to provide insight in the robustness of the results. 

This report 

This report presents the results of this study. It follows the approach outlined before in this introduction. 
The results of the analyses of European (and world) scenario are discussed in chapter 2. The results of the 
survey and the development of the five energy visions is presented in chapter 3. Chapter 4 summarizes 
the results from the workshop. The two major distribution grid pathways and the methodology to estimate 
the copper use in the distribution grid are presented in chapter 5. The results of the model calculations 
are shown in chapter 6. Chapter 7, finally, summarizes the conclusions from this study. 

 

  

http://www.dnvgl.com/energy
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2 RESULTS OF THE SCENARIO ANALYSIS 

2.1 Introduction 
This chapter presents the results of the analysis of approximately 30 energy scenarios for Europe and for 
the world. Appendix A presents an overview of the scenario literature review. In the next sections, short 
summaries of the main scenario findings are given. 

2.2 Energy consumption 
Although it is expected that the separation (de-link) between economic and energy demand growth will be 
accentuated in Europe, i.e. energy growth required for an increase in GDP of 1%, because of a transition 
to a service based economy, electricity demand will continue to grow, as more and more sectors will be 
electrified, e.g., mobility and heating. However, the rate at which this growth happens is highly dependent 
on the social, economic and political assumptions (choices) made.  

The figures below show the electricity demand trend in two different scenarios for Europe. In both scenarios, 
the faster demand growth corresponds to stronger electrification processes, supported by green behavior 
and technological developments, leading to higher adoption rates of technologies such as electric vehicles. 

 

 
Figure 2-1   Electricity demand development. On the left, The European Climate Foundation (EFC) 
Roadmap 2050. On the right, EURELECTRIC’s power choices scenario 
  

http://www.dnvgl.com/energy
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2.3 Electricity generation 
The general expectation is an increasing participation of renewable energy sources in the energy mix, 
leading by wind and solar technologies. The main differences among scenarios are the mix of fossil fuel 
based technologies, and specifically of gas generators. Although a decrease in the participation of coal is 
expected (in most scenarios), the participation of gas generators in the power mix varies across scenarios 
depending on factors like environmental (CO2 emission reductions) targets, and technological 
developments. 

The figure below shows the Greenpeace scenarios. Greenpeace’s vision is presented in three possible 
pathways, i.e., business as usual (REF), CO2 emission reduction (E[R]), and 100% renewable generation 
(ADV E[R]), and it shows how environmental targets could phase out fossil generators.  

 

 

Figure 2-2   Global electricity generation, Greenpeace’s scenarios 

Nonetheless, it is expected (by most scenarios) that coal and gas power generation will still play a role in 
the generation mix of 2050.  

2.4 Storage and flexibility 
One of the long recognized issue of the introduction of renewable energy sources, is the need for storage 
and other new sources of flexibilities. And as such, most scenarios expect an expansion of the storage and 
flexibility capacity. However, given the technological status and uncertainty, a specific trend for storage 
and flexibility is rarely specified.  
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3 SURVEY RESULTS AND VISION DEVELOPMENT 

3.1 Survey Future distribution grids 
To verify the scenario’s, DNV GL and Alliander have developed a questionnaire on future distribution grids. 
Participants with interest in the future of distribution grids have been asked to provide answers on the 
questions as input for the workshop. The questions can be found in Appendix B. The survey was conducted 
between 12 – 27 June 2017. 

The topics mentioned in the survey can be separated into 4 groups: 

• General questions about the participant (e.g. which company, country etc.) 

• Distribution grids (e.g. future supply, smart technology in grids) 

• Customer power & demand (e.g. load growth, tariff structure) 

• Alternatives for the power system (e.g. DC grids, H2 grids). 

95% of the participants are working within Europe, 5% outside Europa. In 2050 the majority (95%) thinks 
that the demand in 2050 is mainly connected to a DNO or TSO grid. About 65% thinks that the grid will 
be a back-up systems for microgrids and customers. In 2050 a large amount of annual electricity demand 
will be met by wind or solar-PV generation (between 50-75% has been selected by 55% of the participants, 
while no one selected between 0 -25%). 3 out of 4 participants thinks that there will be a super-grid in 
2050. 

More than 50% of the respondents expect that storage in the distribution grid will be connected mainly 
behind the meter at customer sites, 25% expects it to be connected mainly in the distribution grid, the 
remaining respondents think storage will be connected otherwise (e.g. in the transmission grid). 

In 2050 50% of the participants expect that more than 25% of the budgets of DNOs will be used for data 
management and services related to digitalization. 

75% thinks that electrical vehicles will have a huge impact on the volume of electricity, huge meaning at 
least a 25% increase. Most participants (66%) indicated that they expect that the number of connections 
to the grid will increase between 0-50% in 2050. 

All the participants agree that electricity grids will not be outcompeted by other energy carriers (e.g. 
hydrogen). DC grids will be implemented, while superconducting materials or conduction plastics will 
replace existing materials used nowadays, in 2050.  

As for transformers, 3 out of 4 participants thinks that 80% of the transformers will be replaced with power 
electronics and that smart, high frequency compact transformers will play a significant role in the 
distribution grids. As for cables, roughly 72% thinks that 95% of the distribution grids will be underground 
in 2050. 

3.2 Development of energy visions 
Prior the workshop, based on the scenario review and analysis presented in chapter 2, five energy visions 
were identified as the main possible development pathways for the power system. A more detailed 
overview of these visions is given below. 

The scope of the visions was limited to Europe and to a horizon of about 30 years (year 2050. Additionally, 
estimates are made for the economic and population growth as well as energy efficiency gains. For each 
vision, it was assumed that all the required political, social and economic frameworks are in place. 

http://www.dnvgl.com/energy
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Finally, in each vision we provide an estimate of what will happen to the demand, generation, energy 
storage and the transmission. 

3.2.1 Business as usual 
Despite energy efficiency gains, population growth and electrification lead to a steady increase of electricity 
demand. In 2050, the demand is 30% higher than todays, showing equal growth in all sectors (agriculture, 
industry, commercial, residential and mobility). 

In this vision, storage does not play a major role, while the increase in large scale renewables and the 
stable participation of conventional generation increases the transmission system. 

 
Figure 3   BaU energy vision illustration example, showing the demand growth (green area), 
the increase in small scale renewable (right icon), the stable participation of nuclear and gas 

fired power plants, the decrease in the share of coal, and an increase in the penetration of 
large scale renewable generation 

 

3.2.2 Electrification of energy demand 
In this vision, despite energy efficiency gains, population growth and electrification lead to a rapid increase 
of electricity demand. In 2050, the demand is 60% higher than todays, showing a higher growth in mobility 
(300% growth). Such energy demand increase shall be covered by renewables (variable generation) both 
large and small scale. 

As in the BaU vision, no major changes in storage technology and participation is expected, while also 
similarly the large penetration of large scale renewable and the rapidly growing demand pushes the growth 
of the transmission system. A summary of this scenario is shown in the following figure. It shows the 
change compared to the Business as Usual scenario for five dimensions: 

• electrification of demand 

• penetration of storage 

• penetration of centralized renewable generation (CG_RES) 

• penetration of decentralized renewable generation (DG_RES) 

• penetration of conventional (coal, gas and nuclear) generation (CG_conv). 

 

http://www.dnvgl.com/energy
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Figure 4   Electrification of energy demand vision summary 

 

3.2.3 Large scale renewable power generation 
As in the previous vision, population growth and electrification lead to a steady increase of the demand, 
being in 2050 50% more than today’s. However, in this scenario, this demand increase is mostly covered 
by large scale renewables, and together with the small-scale RES generation, they completely displace the 
conventional generation. 

In this vision, the total replacement of conventional generation by RES requires an expansion of the storage 
capacity on a time scale from minutes to seasonal, as well as an expansion on the use of demand flexibility. 
Additionally, large scale RES requires an increase of the number of interconnectors and of transmission 
capacity. 

 

Figure 5   Large scale renewable power generation 

 

3.2.4 Local and renewable power generation 
Similarly, to the previous vision, in this scenario demand grows to 50% more than it is today by 2050. The 
major difference lies in that instead of large scale renewable covering most of the demand, in this scenario, 
distributed generation and small scale RES will be the dominant form of power generation. Thus, the 
transmission system development is disrupted, and the transmission system becomes a backup system. 

http://www.dnvgl.com/energy
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Figure 6   Local and renewable power generation 

 

3.2.5 Storage 
This scenario is largely similar to the previous vision. Demand grows while conventional generation is 
displaced by renewable generation, mostly at the small scale. The main difference lies in that energy 
storage technologies will account for the biggest part of the flexibility requirements for system stability. 
Similarly, in this vision, the transmission system is used as a backup system. 

 

Figure 7   Storage energy vision  

http://www.dnvgl.com/energy
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4 WORKSHOP RESULTS 
During the workshop held on June 28th 2017 in Brussels, DNV GL and Alliander have presented 5 visions 
for the development of future DNO grids: 

1. Business as usual 

2. Electrification of energy demand 

3. Large scale renewable power generation 

4. Local and renewable power generation 

5. Storage. 

During the workshop, participants have been divided into 5 groups. Each group provided input and shared 
their thoughts about the 5 visions. This chapter reflects the main results per vision as recorded during the 
discussions with and within the groups. It does not reflect DNV GL’s nor Alliander’s opinion about the 
development of future DNO grids. 

4.1 Business as usual 
Within this vision every group thinks that investment in the distribution grids are needed for reinforcement. 
The growth of the grid will be gradually as grids are nowadays already over dimensioned according to one 
of the groups, while another group mentioned that more technical margin is needed for engineering and 
planning for uncertainties. DNOs will plan their grids year by year as they do it nowadays. This is not 
deemed the most likely vision by all groups as this vision is not looking ahead and neglects political and 
social expectations. Doing business as usual is not a sustainable solution for the future of DNOs. 

Issues that will arise in the grid will be locally (technical) solved. This could be by adapting new 
technologies for primary equipment (e.g. transformers with on-load tap-changer for voltage issues or local 
storage), but also by adding sensors for data management. Some groups think this vision is micro 
management or even a survival struggle for DNOs to get their grids up to date to the expectations of the 
stakeholders.  

Smart metering will be needed for data management. These can be used for local congestion management. 
The downside of this vision is that if the DNOs cannot fulfill the expectations of politics/social stakeholders, 
clients don’t want to be connected to the grid and will start generating their own electricity and store it, 
perhaps individually, but also in combination with other customers (micro grid). 

The most critical grids are perhaps the rural areas where voltage issue might occur due to PV integration 
into the grids. Also, power quality issues can arise more often than nowadays if the short circuit power is 
reduced by taking out the coal power plants and by implementation of more (power) electronics at 
customer premises. 

Politics needs to prevent that this vision will happen by given the right incentives to DNOs and customers, 
however, technical solutions are now developing faster than politicians/regulator can change the 
regulations. 

4.2 Electrification of energy demand 
All the groups agree that, in this vision, there will be an increase of operation and investment costs due to 
the increase in data management needs. This means, increasing investment in grid smartness (energy 
management, app development, data management, etc.), grid observability and grid control (smart 
systems and smart control). Overall, investments in IT are needed. Nonetheless, due to the increased 
demand investments are still required in terms of grid expansion (connection capacity). 

http://www.dnvgl.com/energy
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Because of the lack of new flexibility sources in the power system, most groups (four out of five) see 
demand response (DR) and demand side management (DSM) as a key source of flexibility. Changing in a 
way the role of DSO, with the creation of new services and business models within the electricity value 
chain. 

Although the general believe is that this is a customer driven change, there is no consensus in how fast 
the changes (investments) need to occur. Some groups believe this requires fast investments on DR and 
DSM, while the other believe this could happen at the same rate as the demand growth. 

In turn, the distribution grid might evolve into hybrid systems with microgrids (situation dependent) that 
use the power system as back up, and with an increased DC component (micro grid level), or into a set of 
parallel of networks, with dedicated networks for high demand system such as EVs. The latter could be 
the result of the development of different mobility schemes (publicly owned EVs) with smart/autonomous 
charging. 

Finally, it is mentioned that DSOs, in the context of this vision, will have a key role in flexibility provision 
(balancing contribution) through DR and DSM, to compensate for increased participation of RES generation 
technologies. 

Impact analysis of the workshop results: 

• Transformers: increase due to the increased demand 

• Cables: increase due to the increased demand 

• Lines: increase due to the increased demand 

• Operational expenditures: increase due to the need for smartness 

• Capital expenditures: increase due to the increased energy demand and need for smartness. 

4.3 Large scale renewable power generation 
This vision envisions that there will be an increase of mainly large scale renewable generation. Added tot 
this is an increase of small-scale renewable generation. The load increases only marginally. Conventional 
generation decreases a lot. Nuclear and coal generation are completely phased out. Gas generation is 
decreased significantly but still partly used for providing flexibility in generation. Most of the flexibility 
however comes from more international interconnections and storage. In this vision, we envision a pan-
European super-grid to mitigate mismatches between generation and load. 

The main observations from the workshop are: 

4 out of 5 groups conclude that the main changes (and challenges) for this vision are with the TSOs and 
not so much with the DSOs. It is stated that mainly TSOs have an important role in the realization of (or 
coping with) this vision and not the DSOs. One group mentions that this is much like in the "business as 
usual" vision. 

1 out of 5 groups disagrees with some of the statements before; DSOs use storage for ancillary services 
(voltage, reverse power flow). There will be a significant role for DSOs because of local renewable energy 
sources. Even a small growth in electric vehicle penetration already challenges DSOs. Capital expenditure 
(CAPEX) is therefore required for dealing with reversed power flows. 

This vision is mainly driven by policy/politics, and not so much by consumers. 

The balancing between generation and load is still largely done by TSOs using mainly the remaining gas 
plants and curtailment of renewable generation. To ensure fast-response adequacy, a capacity mechanism 

http://www.dnvgl.com/energy
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may be needed. Balancing services (frequency containment reserves, frequency restoration reserves) also 
call for storage services. 

The following questions are: if there is more large-scale RES in combination with increased transmission, 
from where does the frequency response come? Will it come from storage, and if yes, will this lead to 
reversed power flows in distribution grids? What happens with the self-regulating load?  

The groups state that distribution grids may face reverse power flows; In meshed grids this complicates 
protection schemes. The reverse power flows are induced by voltage rises which require also OLTC (On-
load tap changer) @ MV/LV transformers.  

Because of the phase out of conventional generation, the TSOs have limited flexibility options remaining 
and will need DSOs to provide part of the balancing services locally. The TSO may also request the industry 
to participate in providing balancing services. The objective should be to have the TSOs perform the 
balancing processes where possible. Control of the super-grid (intra-HVDC) may also become important. 

One group states that there will be more DC/DC converters (HVDC/MVDC), replacing transformers. In their 
vision the pan-European grid will be a hybrid grid, containing both AC and DC on multiple voltage levels. 
Balancing will be done via demand response and storage but this only has a small impact on the flow in 
distribution grids. This impact will be so small that it will not lead to reverse flows. 

Impact analysis of the workshop results: 

• Transformers: no change (one group mentions more DC/DC (HVDC/MVDC) converters) 

• Cables: increase 

• Lines: high increase 

• Switchgear: increase 

• Busbars: no change 

• Volt/var control: no change 

• Storage: increase 

• Operational expenditure: no change or slight increase 

• Area specific wind energy: coastline or offshore. 

4.4 Local and renewable power generation 
The recent uptake of local renewable generation is considered only the start of an unstoppable 
development. National regulatory frameworks can delay this in some countries for a few years. The social 
and economic value local renewables offer mean that pressure to allow and facilitate this will increase 
steadily. 

The speed of growth in the period until 2030 will be limited by decreasing equipment cost and the 
availability of funding. Since local renewables projects typically need less funding than large scale 
renewable of conventional projects, these projects can access other sources of finances (crowd funding, 
communal funding) 

As a result, the groups expect the share of local renewables to grow to 20% in 2020 and 40% in 2030. At 
this level, local renewables will stabilize because existing regulation, grids and market processes cannot 
handle more (Germany has already at 34% of power demand covered by local renewables and is 
experiencing the limits first hand). 

The resulting technical problems like power/frequency control, voltage control and balancing need 
additional investments or different solutions. One solution is to upgrade the transmission grid to export 

http://www.dnvgl.com/energy
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excess power from DSO grids and balance shortfalls and excess on an (inter)national level. Another is to 
install the remaining renewables at central locations, preventing the need for changes on a DSO level. 

An alternative could be to increase the amount of local storage to store the production peak for 
export/import later in the day/night. In this case, peak export capacity will trend toward the average daily 
production rather than installed production capacity.  

This local storage can also provide the ancillary services to improve power quality and system stability 
(power/frequency control, voltage control, fault ride through). In this case, network upgrade will be limited 
to thin outlying feeders where large amounts of local generation exceed cable capacity and voltage profiles. 

by 2030 it is expected to see a shift for system operation actions from the TSO to the DSO level, alleviating 
the pressure on the TSO grid operators, reducing cost and complexity. This will result in a move from a 
“copper plate” based energy system to a more nodal smart grid. This could evolve over time in more or 
less autonomous microgrids, loosely coupled with each other through the transmission grid. The question 
remains how big/small these microgrids should be to be efficient and have sufficient critical mass to be 
able to provide services too.  

This development into more or less autonomous microgrids will also stimulate the introduction and uptake 
of DC usage and (partial) grids in the coming decades. In a way, it is becoming a full circle, since it started 
the electrification with local (autonomous) energy systems that were only coupled to save on backup and 
support resources. 

The groups expect to see these changes first in those areas where two condition are fulfilled: 

1. The local geography provides the availability of installing and operation local renewables 

2. Sufficient local GDP (gross domestic product) to finance the necessary activities and buy the 
resulting energy. 

The main drivers over the coming decades will probably be the economics of local renewables. In many 
cases this will be supported by technological and political improvements. 

4.5 Storage 
In this vision, the role of the DNO changes to more local ancillary services and balance the distribution 
grid (DSO). There is less central rotating equipment for primary and secondary reserves and due to the 
limited electrification of mobility and heat demand, the demand response potential is limited. This is seen 
as an inconsistency in the scenario: strong emphasize on decarbonizing of the electricity sector but no 
measures for the heat and mobility sector. The DSO will play an important role in local balancing of 
generation with local storage. Summarizing the DS grid control instruments: 

• Central flexibility from TSO: no 

• Demand response: limited 

• Control local generation: yes (especially more centralized storage on MV/LV level) 

• Control local storage: yes. 

One group stated that the use and size of the distribution grid will increase as will the need for grid data 
management and data processing. For long term grid balancing there will be need for power-to-x and/or 
x-to-power concepts (x being gas, heat or cooling). Even though electrification of heat demand is limited 
in this scenario, this is still considered an issue. There will be more power quality issues due to local 
generation (especially voltage problems). 
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An issue is the regulatory role of the DSO with respect to storage. This role must be clarified as almost all 
groups identified this as a grey area. This is a political issue.  

A social issue is the reliability expectation for the grid. This expectation now differs per country. 
Expectations may change in the future. One group called it “personalized reliability service”: grid reliability 
according to personalized wishes and according to a differentiated tariff structure. 

Storage at consumer sites will change distribution grid functionality from a peak dimensioned grid (“copper 
plate”) to a grid dimensioned on the average demand or even to a grid with limited capacity for backup 
purposes only. This decrease in grid capacity is in contradiction with predicted increase in grid capacity by 
another group. It can apparently swing both ways. 

The role of the DSO will be less energy oriented and more capacity oriented. This will reflect itself in the 
tariff structures as these should reflect the cost drivers for the DSO. 

An issue with much local generation is voltage swings in the grid due to bidirectional energy flows. Together 
with capacity requirements these are considered the drivers for grid CAPEX. 

One group raised the issue of a storage monopoly. All storage controlled by a commercial, not-regulated 
party. This will place the DSO in a dependent position and this was considered undesired. This is related 
to the previous issue whether a DSO is allowed to operate storage. The question raised here is whether 
storage should be controlled by the DSO on a mandatory basis.  

Some issues were raised regarding the difference between developed countries and developing countries: 

1. In developed countries, storage will penetrate existing grids. Grids will adept themselves to this 
development 

2. In developing countries, distribution grids may grow organically around local generation and storage 
solutions.  

An interesting thought is whether both cases will grow into a similar optimized combination of storage and 
distribution grids. 

Environmental and safety issues regarding storage should be considered.  

Off-grid solutions, local grids and stand-alone grids for remote areas where considered by several groups. 
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5 COPPER USE ESTIMATION APPROACH 

5.1 Two major pathways in distribution grids 
A network design generally refers to expanding or strengthening a power grid to connect new individual 
clients within the constraints of standards and codes of practice. Based on the results of the scenario 
analysis and the results of the workshop held in Brussels, DNV GL identifies two main development paths: 
• Centralized scenario 
• Decentralized scenario. 

These pathways represent two extreme and opposite development paths for the distribution grid. They 
provide insight in both a path with low (or even negative) distribution grid growth and a path with very 
high growth in grid capacity. 
Both development paths could be observed in a two-step transition period: 
• 2017-2030 
• 2030-2050. 

Until 2030 it is more or less business as usual for the DNOs. There is no difference between both pathways 
because fundamental changes due to the energy transition start to have significant impact only after 2030. 
After 2030 both pathways divide. One towards a centralized scenario where the increase in demand is met 
by mainly centralized generation, requiring a significant increase in distribution grid capacity. This 
distribution grid will be dimensioned according to the peak demand. 

The other pathway leads to a decentralized scenario were generation is decentralized and load and 
generation are balanced locally (e.g. by microgrids with the aid of much storage and demand response). 
The distribution grid load is evened out and the grid is dimensioned according to the average demand, 
even showing a decrease in capacity. This transition is illustrated in the graph below. 

 

 
Figure 5-1   Development pathways for the distribution grid according to the findings of the 
workshop 
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5.2 Copper use estimation methodology 
According to Eurelectric, in 2013 the European power distribution network serves about 260 million 
connected customers, and consist of about 10 million km lines and cables . Based on data available from 
Eurelectric and other sources /1/-/5/, the table below shows the power system starting assumptions for 
the copper estimation study. 

Table 5-1   DSO characteristics and modelling parameters, average values for EU27 /1/-/5/ 
indicator Units min mean max 
LV customer per MV customer - 10 354 2008 
LV circuit length per LV customer km 0.008 0.023 0.078 
LV underground ratio % 11.5 55 100 
LV customers per MV/LV substation - 10 90 278 
Capacity of MV/LV substation (transforms) per LV customer kVA 2.1 3.66 11.4 
MV circuit length per MV supply point km 0.11 0.73 1.86 
MV underground ratio % 9.4 41 100 
Number of MV supply points per HV/MV substation - 10 178 1210 
Capacity of MV/LV substation in urban areas  kVA 400 630 1000 
Capacity of MV/LV substation in rural areas  kVA 50 400 630 
House connection (not main) length  km - 0.010 - 
Ratio of copper in DSO grids % 20 40 80 
Operational limit (for planning) MV grids % 50 55 65 
Operational limit (for planning) LV grids % 50 55 60 
Amount of copper in replacements % 20 40 80 
Average peak demand  kW - 2.12 - 
Compound growth rate  % 0.5 1 1.5 
Total grid capacity  GVA - 1110 - 

 

The ratio of copper versus aluminum cables and lines is based on estimates from DNV GL experts for the 
Dutch situation. This is a sensitive parameter but public sources are not found except that there is a 
tendency to switch to aluminum cables due to cost advantages. 

Furthermore, based on simple conductor calculation and typical information data on copper use per grid 
element, the following table summarizes the copper content per type of element in the power system 
considered for this analysis. 

Table 5-2   Copper content per DSO parameter 
indicator Units min mean max 
Copper content per unit length of MV connection  kg/km 2400 3,000 3600 
Copper content per HV/MV substation  kg/# 2960 3,700 4440 
Copper content per unit length of LV connection  kg/km 2000 2,500 3000 
Copper content per MV/LV substation  kg/# 40 50 60 
Copper content per unit length of LV connection (not main)  kg/km 16 20 24 
Copper content per kVA HV/MV transformer  kg/kVA 1 1.25 1.5 
Copper content per kVA MV/LV transformer  kg/kVA 0.3 0.42 0.51 
Copper content per MV transport capacity  kg/kVA 8.1 10.17 12.20 
Copper content per LV transport capacity  kg/kVA 9.8 12.28 14.73 

 

In order to translate the energy trends/pathways resulting from the ECI workshop to copper use, a 
distinction is made between copper additions due to grid expansions (connection of new customers) and 
copper additions due to grid reinforcements (serving existing customers). Next, the difference between 
these two methodologies is explained in detail. 
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5.2.1 Copper additions due grid expansions 
In general, the overall objective of network design and planning is to ensure that the capacity of the grid 
to host a growing number of customers, each with growing demand, is sufficient. Even though the grid 
expansion process is a complicated process, specific to a network operator and including many systems, 
the estimation of copper growth due to grid expansion activities is simply divided according to voltage 
level. At each voltage level, e.g. the medium voltage (MV) level or the low voltage (LV), three aspects are 
investigated: 

1. Extension of the grid, i.e., length growth of the grid 

2. Extension in the number of substations 

3. Growth of the transforming capacity. 

The figure below explains how this methodology is used to estimate the copper additions in time. For 
instance, using the length growth of MV cables and lines and the copper content per km of cable/line, the 
copper additions can be estimated as a function of the MV network length. 
 
 
 

 
Figure 5-2   DSO expansion projection methodology and copper estimation 

 

To quantify the DSO expansion process, the number of connected customers is used as the main proxy. 
This number is in turn estimated on basis on historical and projected building data. Thus, as an example, 
the expansion of the network, i.e. length growth, is estimated based on the growth of the number of 
connected users and the typical MV/LV circuit length per MV/LV customer. It is estimated that the power 
system will expand at a rate of 0.14% annually between 2017 and 2050 (based on data from /6/), as 
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illustrated by the figure below. Although the projection shows a bell shape, decreasing after 2037, for 
reasons of transparency a linear growth between 2017 and 2050 is assumed as depicted by the light blue 
line in the same figure. 

 

 
Figure 5-3   Building stock historical and forecast, based on data from /6/ 
 

5.2.2 Grid reinforcement 
Complementary to grid expansion processes, grid reinforcements are required to ensure sufficient hosting 
capacity of the network. This is in response not only to newly connected load, but also to the growth of 
the demand already connected to the system.  

Traditionally, grid reinforcement planning is a process based on the total peak demand of the system and 
ensuring a healthy margin. This means that grid reinforcement planning usually starts when the system 
loading reaches a pre-defined percentage of the total system loading capacity, traditionally set below 70%. 

In contrast to the grid expansion process, where the analysis is independent of the energy pathway (see 
Figure 5-1), a distinction is made based on the energy pathway. As it was mentioned, 2030 is a turning 
point for the power system. In a decentralized scenario, this is the point at which the planning KPI switches 
from peak demand to average demand, adding (virtual) extra capacity due to the integration of storage 
and demand side management approaches. This, however, is not the case for the centralized scenario, 
where the peak demand continues to be the proxy for grid reinforcement planning. The figure below 
illustrates the approach for the decentralized scenario. 

For this scenario, the main proxy is the peak demand growth, and the operational limits for planning for 
the DSO grids. Scenarios are differentiated based on the different growth rates, and operational limits.  
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Figure 5-4   Decentralized scenario reinforcement methodology 

 

5.2.3 Grid replacements 
Part of the grid planning process of DSOs is the replacement of assets due to aging. In this case, despite 
the cyclic nature of the coper economy, i.e. recycling, new copper is added when assets that use other 
material, e.g. aluminum, are replaced by copper containing assets.  

To define the amount of copper added to system due to asset replacement, a continues asset replacement 
model is used (as opposed to a batch model where assets are replaced in batches). This model is dependent 
on the average asset lifetime, and it aims at maintain this value constant. This means, that an old grid, 
i.e., average life > lifetime/2, will have higher replacement values at the beginning of the analysis to bring 
down the average life time. Furthermore, scenario variations are introduced by varying the level of new 
copper in the replacement tasks. 
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6 COPPER USE ESTIMATION RESULTS 

6.1 General results 
It is estimated that between 2018 and 2050 about 3700 kTons +/- 35% of copper will be added to the 
European distribution network under a centralized approach. Under a decentralized energy pathway, only 
about 1600 kTons +/- 30% of cooper could be added, as shown in the figure below. These are the results 
of a series of analysis of more than 5000 simulation of possible combination of the input parameters 
described previously. For all calculations, the copper value of 2017 is taken as a reference, and equals to 
zero. Thus all results are presented as annual additions to that reference. Detailed results are available in 
Appendix C. 

 

Figure 6-1   Copper adoption pathways, showing only one standard deviation of the results 

 

In general, the main difference between two scenarios lies in the (virtual) capacity increase of the 
network due to storage and energy management in the decentralized scenario after 2030. Before this 
point time, the two scenarios are driven mostly by replacement, expansion activities. After 2026, the 
first reinforcement activities are seen, which are the main distinctive factor between the two scenarios. 

The figure below shows the detailed results for the copper additions under the centralized and decentralized 
scenarios. It includes the minimum and maximum ranges obtained from the sensitivity analysis. As this 
values might be outliers, i.e., not representative of the most probable results, the 75% and 25% percental 
ranges are also given. This means, that for the centralized scenario the total copper addition (in the period 
2018-2050) will be about 3700 kTons +/-20%, while for decentralized scenario 1600 kTons +/-25%. 
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Figure 6-2   Detailed results of the sensitivity analysis of the centralized scenario, showing 
the combination of replacement, expansion and reinforcement activities 

 

 
Figure 6-3   Detailed results of the sensitivity analysis of the decentralized scenario, showing 
the consequences of a higher (virtual) network capacity, i.e., reduction of the reinforcement 
needs 

The larger uncertainty of copper content in the starting year is related to the variations in the estimate 
of the initial average asset life time. This effect dampens out very quickly. 
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Next, a more detail overview of the results will be given. 

6.2 Single parameter variation impact 
To provide a more detailed view of the results, not only per grid planning activity, but also for the different 
voltage levels of the DSO grid, i.e., LV and MV, here the results of a single variation using the mean 
parameter values are presented. Under this conditions, the centralized scenario results in about 
3560k Tons of copper additions between 2018 and 2050, while the decentralized scenario results in about 
1512 kTons for the same period. This is shown in the figure bellow. This is equivalent at an annual growth 
rate of 8.0% for the centralized scenario and 5.1% for de decentralized scenario. 

 

 
Figure 6-4   Copper additions, mean parameters 

 

6.3 Copper additions due to grid expansion 
It is estimated that between 2017 and 2050 about 751 kTons of copper will be added to the European 
distribution network, at an annual rate of 19 kTons per year, i.e., 0.14%, as shown in the figure below. 
Even though population growth is stagnating and energy efficiency is increasing, it is expected that the 
number of connection will keep growing.  
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Figure 6-5   Copper additions per year, estimated on mean parameters 

The addition to the LV grid dominate the total copper addition to the distribution network, specially the 
additions due to the expansion of the LV grid, as it is shown in the figure below. This is mainly because 
most customers are connected to the LV grid. Furthermore, additions to the transmission system [km] 
represent the biggest source for copper additions. This is due to the high material intensity of transmission 
lines and cables. 

 

Figure 6-6   Copper annual additions by voltage level 
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Figure 6-7   Copper additions per year by voltage level and component type 

 

Finally, compared to the copper additions due to grid expansion, the addition due to replacement have a 
small contribution to the total amount. 

6.4 Copper additions due to grid reinforcements 
In contrast to the copper addition due to grid expansion, the additions due to grid capacity reinforcement 
depends strongly on the energy transition path. Under a peak demand annual growth (1%), it is expected 
that until 2035 copper additions will be mostly the result of asset replacement. In turn, this strongly 
depends other materials being replaced by copper. Next, the results will be presented on basis of the 
planning strategy. 

6.4.1 Traditional system planning 
We assume that the traditional DSO system planning for network reinforcements aims to keep the overall 
network loading at a constant value of 55% of the grid capacity. This means that reinforcements are made 
once the peak load reaches this level of the capacity of the grid. Under this assumption, the centralized 
scenario will result in an estimated net addition of about 2809 kTon Cu between 2018 and 2050. In contrast, 
the decentralized scenario results in an estimated net addition of 761 kTon Cu, in the same period, with 
the totality of the addition achieved by 2030. This is due to the virtual capacity increase of the network 
due to the use of average demand as the planning proxy.  
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 Figure 6-8   Copper additions due to network reinforcement under a traditional planning 
scheme for the centralized energy scenario 

 
 Figure 6-9   Copper additions due to network reinforcement under a traditional planning 
scheme for the decentralized energy scenario 
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6.4.2 Alternative system planning 
A different approach is to allow the network to reach a higher loading value, 60% for LV and 65% MV 
network. By doing so the reinforcement needs are reduced by about 50% and push forward to after 2030. 
This means that in a decentralized scenario, no reinforcements are required, leaving replacement activities 
as the only source for copper additions to the DSO grid. In the centralized scenario, a reduction of about 
48% is achieved compared with the traditional planning strategy. 

 

 

Figure 6-10   Copper additions due to network reinforcement under an alternative planning 
scheme for the centralized energy scenario 
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7 CONCLUSIONS 
The main goal of this study is to provide insight in the copper use of future distribution grids. To estimate 
this parameter, two pathways are developed to present the growth of the distribution grid. These pathways 
are based on: 

• An analysis of 20 different existing global European and country specific scenarios and a total of 28 
scenario variations 

• The results of a survey answered by more than 30 experts and stakeholders in the field of 
distribution grids 

• The results of a workshop where five energy visions regarding distribution grid developments were 
presented and assessed by the workshop participants.  

None of the scenarios do consider the development of the distribution grids (LV and MV). Scenarios 
generally focus on trends in the energy sector but one conclusion is that the development of distribution 
grids seems to be a blind spot in scenario studies in general.  

Another conclusion from this study is that is likely that differences in distribution grid developments will 
materialize only on the midterm as on short term, planning processes, investments plans etc. are rather 
fixed. Therefore, both pathways start out similarly but start to diverge around 2030.  

Both pathways present extremes in distribution grid development. The main difference is that the 
centralized scenario assumes a dimensioning of distribution grid based on the peak load and the 
decentralized scenario assumes a dimensioning on the average load. The main differentiating factor is the 
implementation of much decentralized generation combined with storage and demand response in the 
decentralized scenario, which evens out the distribution grid peak load considerably. The development and 
implementation of generation combined with demand response and storage on distribution level are 
therefore interesting parameters to monitor in relation to copper use expectations. 

The copper use estimates for both pathways are based on a grid growth model that is developed for this 
project. Both pathways assume the same basic growth in number of customers. The copper use is 
parameterized based on copper use in main grid component: lines, cables, transformers and substations 
(busbars). 

The assumption of centralized versus decentralized has a major impact on the copper use: for the 
centralized pathway, the total copper additions amount 3700 kTons, for the decentralized scenario 1600 
kTons. The difference is more than a factor 2. This reflects the difference between dimensioning the grid 
on peak load and on average load. 

For the decentralized scenario, about 50% of the increase is due to grid expansion (more customers) and 
50% to grid reinforcement (more peak load per customer). For the centralized scenario, reinforcements 
are good for about 80% of the copper additions. This is partly due to the current planning process that 
requires expanding the grid when the peak load reaches 55% of the actual grid capacity. Assuming a less 
conservative planning process, allowing for grid peak loads of 60 % (low voltage grid) and 65% (medium 
voltage grid) the copper additions decrease with almost 50%. The planning process has therefore a large 
impact on the copper additions. 

Looking at copper additions for reinforcements, the largest part is due to additions of lines and cables 
(more than 85%), transformers account or more than 10% of the additions and approximately 2% of the 
additions can be assigned to substations. The ratio of copper lines and cables versus aluminum lines and 
cables is therefore a very sensitive model parameter. This ratio is fixed in the current model to 40%.  

About 60% of the copper additions for expansion and replacement are due to the LV-grid and 40% to the 
MV-grid.  
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APPENDIX A: SCENARIO LITERATURE REVIEW 
In a top-down approach, a scenario literature review was conducted first with the objective of identifying 
the possible energy development paths and their consequence of the power system. Due to the plurality 
of scenarios available, and the different scopes and horizons, DNV GL defined a scenario analysis 
framework, which served as a tool for comparison of the different scenarios. 

DNV GL scenario analysis framework 

The DNV GL scenario analysis framework focus on the electric sector, aiming at identifying the possible 
developments in the distribution grid. To do so, it divides each scenario in six main aspects: 

Scenario description 

Here a general description of the scenario is given, including the geographical scope, e.g., Europe, the 
scenario goal, e.g., CO2 reduction, the horizon, e.g., 2050, and reason behind the development of the 
scenario. 

Main trends in energy consumption 

Focusing in electricity, the analysis framework distinguishes energy consumption trends among four main 
economic sectors, i.e., domestic, utility (schools, hospitals, offices, etc.), industry, and mobility. The 
general objective is to identify whether consumption increases or decreases, and the type of the change, 
i.e., peak or volume. 

Main trends in electricity generation 

The analysis framework makes a distinction between fossil (conventional) and renewable electricity 
generation. Within the fossil technologies, the framework focuses only on natural gas and coal generators, 
while for within the renewable technologies, focus is given to solar wind and biomass. A third category, 
‘others’ is used to include other renewables such as geothermal or nuclear generation. 

Main trends in storage and in flexibility 

Energy storage and other forms of flexibility are also part of the analysis framework. The aim is to identify 
the source of flexibility in the power system that could emerge as consequence of a change in the energy 
generation mix. 

Main trends electricity distribution grid 

The analysis framework aims to identify the possible developments in the distribution grid by looking at it 
from the same economic sectors as the ones mentioned in section 3.1.2, and making a distinction between 
the volume effects, i.e., number of connections, the yearly demand (energy), the peak demand (power), 
and the grid configuration.  

Main prerequisites for this scenario 

Finally, the framework identifies the political, economic, social and technological assumptions made in the 
scenario. Thus, it identifies the prerequisites and required context for a scenario to happen. 
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Figure 0-1   Visualization of the scenario analysis framework 

 

Scenario overview 

Figure 0-1 shows visually the DNV GL scenario analysis framework. This tool is used to analyze a total of 
20 different scenarios and a total of 28 scenario variations1. Table 0-1 gives an overview of the scenarios 
reviewed, showing the scope, target and scenario horizon. In general, these scenarios can be divided in 
global, European and country scenarios.    

Table 0-1   Overview of the scenarios reviewed 

Scenario Name Scope Target Horizon 

SCEN01 World Energy Scenario: Modern 
Jazz World Meeting the 2°C limit 2060 

SCEN02 World Energy Scenario: Unfinished 
Symphony World Meeting the 2°C limit 2060 

SCEN03 World Energy Scenario: Hard Rock World Meeting the 2°C limit 2060 

SCEN04 
EU Reference Scenario 2016: 
Energy, transport and GHG 
emissions trends to 2050 

Europe To meet the binding energy 
and climate targets for 2020 2050 

SCEN05 Documento de Visión Estratégica 
2030 Spain Guideline 2030 

                                                
1 In some cases, a single scenario has multiple variations making the final scenario number 28. 
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Scenario Name Scope Target Horizon 

SCEN06 Mid Term Adequacy Forecast (MAF) Europe Adequacy assessment 2020/ 
2025 

SCEN07a UK Future Energy Scenario: 
Consumer power 

Great 
Britain Security of supply  2030-

2050 

SCEN07b UK Future Energy Scenario: Gone 
Green 

Great 
Britain Security of supply  2030-

2050 

SCEN07c UK Future Energy Scenario: Slow 
progression 

Great 
Britain Security of supply  2030-

2050 
SCEN08 Outlook for Energy: A View to 2040 World Not specified. 2040 

SCEN09 Dutch DSOs energy vision 2050: 
energy conservation & renewables Netherlands 90% CO2-reduction 

compared to 1990 2050 

SCEN10 Dutch DSOs energy vision 2050: 
natural gas & CCS Netherlands 90% CO2-reduction 

compared to 1990 2050 

SCEN11 Dutch DSOs energy vision 2050: 
coal & CCS, nuclear Netherlands 90% CO2-reduction 

compared to 1990 2050 

SCEN12 ECF Roadmap 2050: 40% RES Europe 80% GHG reduction 
compared to 1990 2050 

SCEN13 ECF Roadmap 2050: 60% RES Europe 80% GHG reduction 
compared to 1990 2050 

SCEN14 ECF Roadmap 2050: 80% RES Europe 80% GHG reduction 
compared to 1990 2050 

SCEN15a DENA (Deutsche EnergieAgentur): 
EEG 2014 Germany 

Doubling of renewable 
capacity (128GW) increase 
from the 2014 levels 

2032 

SCEN15b DENA (Deutsche EnergieAgentur): 
Grid development plan (NEP) Germany Increase of renewable 

installed capacity to 139GW. 2032 

SCEN15c DENA (Deutsche EnergieAgentur): 
Bundesländer Germany tripling of renewable 

installed capacity to 206GW. 2032 

SCEN16a Energy [r]evolution: reference 
scenario World Business as usual 2050 

SCEN16b The energy [r]evolution scenario World CO2 emission reduction to 
4Gtons/year by 2050. 2050 

SCEN16c The advanced energy [r]evolution 
scenario World 100% RES supply. 2050 

SCEN17 
Power choices: Pathways to carbon-
neutral electricity in Europe by 
2050 

European 75% CO2-reduction 
compared to 2005. 2050 

SCEN18a IEA World Energy Outlook 2016: 
Current policies scenario World Energy security 2040 

SCEN18b IEA World Energy Outlook 2016: 
New policies scenario World Energy security 2040 

SCEN18c IEA World Energy Outlook 2016: 
450 decarbonization scenario World 

50% chance of limiting 
global warming to 2°C pre-
industrial levels 

2040 

SCEN19 Pools scenario Poland 
41% overall CO2 reduction; 
16% renewable primary 
energy 

2050 

SCEN20 The Greek energy roadmap to 2050 Greece 
CO2 emissions reduction by 
60% -70% compared to 
2005. 

2050 
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APPENDIX B: QUESTIONNAIRE FUTURE DISTRIBUTION GRIDS 
Introduction 

For the workshop on June 28th 2017 on Future Distribution Grids we would like to receive some input 
beforehand. For this reason, the following questions and statements are defined to set the context for 
the workshop.  

We kindly request you to select the answer which you think applies best to the statements. Some 
statements require a yes/no answer, some have more diverse answering options. Please bear in mind a 
long-term vision (we focus on the year 2050) and a European context, or more specifically the context of 
the country you are based.  

Questions regarding the distribution system 

1. In 2050, solar and wind energy will provide 0 – 25%, 25 – 50%, 50 – 75% or 75 – 100% of the 
annual electricity demand. Please choose one of the ranges. 

0% - 25% 25% - 50% 50% - 75% 75% - 100% 

    

2. Use of smart technology (such as demand response) in the distribution grid will change the cost to 
serve (i.e. distribution costs) by 2050 by: 

Decreased 
more than 

50% 

Decreased 
costs 25% - 

50% 

Decreased 
costs 25% - 

0% 

Increased 
costs 0% - 

25% 

Increased 
costs 25% - 

50% 

Increased 
more than 

50% 
      

3. The total generation capacity of small generators (≤50MW and connected to the distribution level) 
compared to the total generation capacity of large generators (at transmission level) will be: 

0% - 25% 25% - 50% 50% - 75% 75% - 100% >100% 

     

4. In 2050, the conventional capacity is mainly connected to the transmission grid or the distribution 
grid (Transmission HV / Distribution MV-LV).  

Transmission grid Distribution grid 

  

5. Economic life time of grid assets will increase in 2050 by: 

0% - 25% 25% - 50% 50% - 75% 75% - 100% 

    

a. By 2050, components will be recyclable, no rubbish by the end of life time (Yes/No). 

Yes No 
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b. By 2050, components will be biodegradable, no rubbish by the end of life time (Yes/No). 

Yes No 

  

 
6. In 2050, the power system will be a back-up for microgrids and customers (Yes/No). 

Yes No 

  

 
7. In 2050, the power system will have a super-grid configuration (Yes/No). 

Yes No 

  

 
8. In 2050, reliability of the grid can be reduced because customers have their own backup (Yes/No). 

Yes No 

  

 

9. In 2050, the distribution grid will be designed based on average demand and not on peak demand 

(Yes/No).  

Yes No 

  

 

10. In 2050, the required distribution grid capacity will be determined by installed generation and not by 

required demand (Yes/No). 

Yes No 

  

 

11. In 2050, the required distribution grid capacity will be determined by the electric vehicle charging peak 

(Yes/No). 

Yes No 
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12. In 2050, the required distribution grid capacity will be determined by the electric heating and cooling 

peak (Yes/No). 

Yes No 

  

 

13. In 2050, grid unavailability will be:  

Decreased 
more than 

50% 

Decreased 
25% - 50% 

Decreased 
25% - 0% 

Increased 0% 
- 25% 

Increased 
25% - 50% 

Increased 
more than 

50% 
      

c. Outages and congestion will be predictable on day-ahead (Yes/No). 

Yes No 

  

14. In 2050, the main distribution grid issue is (Capacity / Voltage / Other). If other, please specify. 

Capacity Voltage Other 

   

15. In 2050, the risk of stranded assets will increase (Yes/No). 

Yes No 

  

16. In 2050, budget for data management and services will be 0 – 25%, 25 – 50%, 50 – 75%, 75 – 100% 

or more than 100% of the total budget for asset investment and traditional operation. 

0% - 25% 25% - 50% 50% - 75% 75% - 100% >100% 

     

17. In 2050, energy efficiency in distribution networks will be (more / less) relevant than today. 

More Less 
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Customer development and power demand 
1. Total volume of distributed electricity will increase by 0 – 25%, 25 – 50%, 50 – 75% or 75 – 100% 

by 2050 due to electrification of demand and electric vehicles. Please choose one of the ranges. 

0% - 25% 25% - 50% 50% - 75% 75% - 100% 

    

 

2. The number of connections to the distribution grid will change by: 
Decreased 
more than 

50% 

Decreased 
25% - 50% 

Decreased 
25% - 0% 

Increased 0% 
- 25% 

Increased 
25% - 50% 

Increased 
more than 

50% 
      

 
3. In 2050, the distribution tariffs will be (Capacity based / Energy based / Fixed / A combination). 

Capacity based Energy based Fixed A combination 

    

 

4. In 2050, the demand is mainly connected to the transmission grid or the distribution grid 

(Transmission/Distribution). 

Transmission Distribution 

  

 

5. In 2050, the renewable capacity is mainly connected to the transmission grid or the distribution 

grid (Transmission/Distribution). 

Transmission Distribution 

  

 

6. Distributed storage (DSO and customer owned) will decrease the peak demand in the grid by at 

least 50% (Yes/No). 

Yes No 

  

 

7. In 2050, storage will be mostly an integral part of the transmission / distribution grid / customer 

owned / or other (Transmission/ Distribution/ Customer/ other). If other, please specify.  
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Transmission Distribution Customer Other, please 
specify… 

    

 

8. In 2050, solar-PV will be mainly at distributed solar farms or at the customer site (Distributed solar 

farms/Customer). 

 

Distributed Solar 
Farms Customer 

  

 

9. In 2050, we need significant curtailment of PV-generation to maintain a cost-effective energy 

system (Yes/No). 

Yes No 

  

 

10. In 2050, (semi-)autonomous microgrids are predominant in the regular distribution structure 

(Yes/No). 

Yes No 

  

 

Alternatives for the power system 
1. The electricity grid will be outcompeted by alternative infrastructures, like H2, super batteries or 

wireless power (Yes/No). 

Yes No 

  

 

2. In 2050, copper use in cables and overhead lines will increase compared to current situation 

(Yes/No). 

Yes No 

  

 

3. In 2050, 95% of the distribution network will be underground (cables) (Yes/No). 
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Yes No 

  

 

4. In 2050 DC-grids are part of the regular distribution grids (Yes/No). 

Yes No 

  

 

5. In 2050, use of superconducting materials will largely eliminate metals as power conductors 

(Yes/No). 

Yes No 

  

 

6. In 2050, use of conducting plastics will largely eliminate metals as power conductors (Yes/No). 

Yes No 

  

 

7. In 2050, power electronics will dominate new installations (switchgear and transformers) by 80% 

in the grid (Yes/No). 

Yes No 

  

 

8. In 2050, smart, high frequency, compact transformers will play a significant role in the distribution 

grid (Yes/No). 

Yes No 
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General questions 

1. To which of the following type of organization do you belong? DSO, TSO, … 

Please specify… 

… 

 

2. In which country are you based? 

Please specify… 

… 

 

3. Which region applies to most of your answers (Continental Europe / home country / etc.)? 

Please specify… 

… 

 

4. What other developments that were not mentioned in the question will take part of the distribution 

grid. 

Please specify… 

… 

5. Any suggestions. 

Please specify… 

… 
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APPENDIX C: DETAILED RESULTS 
As mentioned multiple variation of the parameter data was used to generate different results and give a 
better idea of the ranges in which the estimation lies within. 
 
In total, 5832 parameter combinations were used, resulting in 921 scenarios, i.e., excluding repetitions. 
The parameters varied in this analyses were as follows: 

• Ratio of Cu vs Ag in DSO grids 
• Total length of grid LV cables/lines 
• Total length of grid MV cables/lines 
• Capacity of HV/MV transformers 
• Capacity of MV/LV transformers 
• Copper content per unit Length of MV connection 
• Copper content per HV/MV substation 
• Copper content per unit Length of LV connection 
• Copper content per MV/LV substation 
• Copper content per unit length of LV connection (not main) 
• Copper content per kVA HV/MV transformer 
• Copper content per kVA MV/LV transformer 
• Copper content per MV transport capacity  
• Copper content per LV transport capacity  
• Asset average life [year] 
• Percentage of new Cu in replacements 
• Operational limit for planning MV grid 
• Operational limit for planning LV grid 
• Peak demand growth rate 

 
The results of this analysis are summarized in the following table. Additionally, a quick analysis showed 
that the results are most sensitive to variation in the total length of the DSO LV grid. The grid capacity 
has also a big impact on the results. However, it was assumed constant in the model. 
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year 

Base Centralized  Decentralized 
Total 

centra
-lized 

Total 
decen-
tralized 

Mean Max Min 75% 25% Mean Max Min 75% 25% 

kTon kTon kTon kTon kTon kTon kTon kTon kTon kTon kTon kTon 

2018 328.0 328.0 383.8 1276.4 76.3 483.4 250.4 383.8 1276.4 76.3 483.4 250.4 

2019 346.4 346.4 392.5 1025.7 99.9 512.2 263.6 392.5 1025.7 99.9 512.2 263.6 

2020 364.9 364.9 407.1 1023.1 124.0 532.6 276.9 407.1 1023.1 124.0 532.6 276.9 

2021 383.6 383.6 424.2 1051.6 148.4 558.4 291.5 424.2 1051.6 148.4 558.4 291.5 

2022 402.4 402.4 442.7 1080.4 172.9 573.2 305.1 442.7 1080.4 172.9 573.2 305.1 

2023 421.3 421.3 462.1 1109.6 192.8 601.4 318.8 462.1 1109.6 192.8 601.4 318.8 

2024 440.3 440.3 482.1 1139.0 206.5 629.7 332.5 482.1 1139.0 206.5 629.7 332.5 

2025 459.3 459.3 502.5 1168.5 220.2 658.9 346.3 502.5 1168.5 220.2 658.9 346.3 

2026 500.5 500.5 546.4 1228.2 251.9 716.9 381.5 546.4 1228.2 251.9 716.9 381.5 

2027 623.9 623.9 676.7 1398.9 350.3 885.7 480.4 676.7 1398.9 350.3 885.7 480.4 

2028 748.3 748.3 808.1 1572.3 449.1 1056.2 588.5 808.1 1572.3 449.1 1056.2 588.5 

2029 873.4 873.4 940.5 1747.9 548.1 1212.1 690.6 940.5 1747.9 548.1 1212.1 690.6 

2030 999.1 999.1 1073.5 1925.2 647.4 1379.0 789.2 1073.5 1925.2 647.4 1379.0 789.2 

2031 1125.3 1125.3 1207.0 2104.0 746.9 1557.7 888.7 1207.0 2104.0 746.9 1557.7 888.7 

2032 1252.0 1147.5 1341.0 2284.0 839.5 1738.4 988.8 1231.3 2142.6 761.9 1597.0 903.6 

2033 1379.0 1169.4 1475.4 2464.9 925.1 1918.9 1089.4 1255.2 2180.2 776.7 1635.5 918.4 

2034 1506.3 1190.9 1610.1 2646.7 1010.9 2095.4 1190.4 1278.7 2216.9 791.3 1669.9 933.1 

2035 1633.8 1212.1 1745.0 2829.1 1096.9 2270.2 1291.8 1301.9 2252.7 805.9 1701.3 947.7 

2036 1761.5 1233.1 1880.1 3012.1 1183.0 2445.3 1393.5 1324.8 2287.8 820.3 1732.3 962.2 

2037 1889.4 1253.8 2015.4 3195.7 1269.3 2620.6 1495.4 1347.4 2322.3 834.7 1763.1 976.6 

2038 2017.5 1274.3 2150.9 3379.6 1355.6 2796.1 1597.9 1369.8 2356.2 848.9 1793.5 991.3 

2039 2145.7 1294.7 2286.5 3563.9 1442.1 2971.9 1700.7 1392.0 2389.6 863.1 1823.8 1006.1 

2040 2274.0 1314.9 2422.1 3748.5 1528.6 3147.7 1803.6 1414.0 2422.7 877.3 1853.8 1020.8 

2041 2402.4 1335.0 2557.9 3933.4 1615.1 3323.7 1906.6 1435.8 2455.3 891.4 1883.7 1035.3 

2042 2530.8 1355.0 2693.7 4118.5 1701.7 3499.8 2009.6 1457.5 2487.7 905.1 1913.5 1049.8 

2043 2659.4 1374.9 2829.6 4316.9 1788.4 3676.0 2112.7 1479.1 2519.8 918.1 1943.1 1064.2 

2044 2788.0 1394.7 2965.6 4523.4 1875.1 3852.3 2215.9 1500.6 2551.7 931.1 1972.6 1078.6 

2045 2916.6 1414.4 3101.6 4729.9 1961.8 4028.6 2319.1 1522.1 2583.4 944.1 2002.0 1092.9 

2046 3045.3 1434.1 3237.7 4936.5 2048.6 4205.0 2422.3 1543.4 2615.0 957.0 2031.3 1107.1 

2047 3174.0 1453.8 3373.8 5143.1 2135.4 4381.5 2525.5 1564.7 2646.4 969.9 2060.6 1121.3 

2048 3302.8 1473.4 3509.9 5349.8 2222.2 4558.0 2628.8 1586.0 2677.7 982.8 2089.8 1135.5 

2049 3431.6 1492.9 3646.0 5556.6 2309.1 4734.5 2732.1 1607.2 2708.9 995.6 2119.0 1149.6 

2050 3560.4 1512.5 3782.2 5763.4 2395.9 4911.1 2835.4 1628.3 2740.1 1008.4 2148.2 1163.8 
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ABOUT DNV GL 
Driven by our purpose of safeguarding life, property and the environment, DNV GL enables organizations 
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