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Executive summary 
 
Background to the Report 
 
The European Union is in the process of creating an integrated competitive 
market for electricity. Among other things, this requires some co-ordination of 
transmission tariff structures in order to avoid “pancaking” whereby cross 
border exchanges face a series of charges which are not reflective of the 
costs of the transmission service required.  
 
Discussions have taken place between transmission system operators 
(TSOs), regulators and the European Commission at the Florence Forum 
regarding the co-ordination of tariff structures. The Commission recently 
proposed the establishment a formal decision making Committee for this task. 
 
The discussions at Florence have agreed certain principles namely that: 
  

• TSOs should be compensated where they host flows which are 
attributed to market participants (generators or customers) in other 
Member States; 

 
• all charges purely associated with crossing a national border should be 

abolished, provided that general transmission tariffs provide 
appropriate locational signals regarding the siting of, in particular, 
generation.  

 
Both these objectives relate to the allocation of fixed costs and require some 
consideration of the cost of constructing transmission networks. The 
Commission’s proposed Regulation, for example, refers to the use of standard 
costing methodologies involving “forward looking Long Run Average 
Incremental Costs”.  In other industries, notably telecommunications, this 
concept has been interpreted in a way that approximates to the calculation of 
the current replacement cost of the assets under current price levels and 
technology. 
 
This study therefore seeks to evaluate the construction costs for the different 
Member States on this basis, taking into account the geographical and 
economic conditions prevailing. The report also examines current regulatory 
practice for converting asset valuations into annual use of system charges. 
 
Transmission of electricity 
 
Electrical transmission lines are used to send electricity over long distances 
from the point of generation to subordinate distribution networks. The 
electricity is transported by either alternating current (AC) or direct current 
(DC) through transmission lines or cables at a range of voltage levels. AC 
lines are the most common with DC used for linking interconnected systems 
and long distances under water. 
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In most countries, the networks at 220kV and above are defined as the Extra 
High Voltage network. Across the European Union, the principal high voltages 
within UCTE are 220kV and 380kV, in the UK 275kV and 400kV and in Nordel 
300kV and 400/420kV.The access of generation and load onto the 
transmission network is often defined as the vertical network whilst the 
interconnections, lines and transmission sub-stations are defined as the 
horizontal network. 
 
Most of the EHV network across the European Union, Norway and 
Switzerland is overhead line with some 100,000 km of 380/400kV network 
and another 110,000km of 220-300kV. Underground cables are an 
alternative, but more expensive form of transmitting electricity. There is 
approximately 400 km of 400kV land cable, 1,500 km of 400kV sea cable and 
2,500 km of 220-300kV land cable in the 17 countries.  
 
Electricity pylons differ widely in design but are designed to carry either a 
single or double circuit in three phases. Each phase can carry between one 
and four conductors. Other standard equipment includes insulators, dampers, 
spacers and an earthwire. National design and construction standards differ 
from country to country due to a number of factors including geography, 
weather (temperature and wind resistance) and system security standards. 
Internationally, this makes direct comparisons of construction costs difficult. 
 
Costs of constructing EHV networks 
 
There has not been a significant increase in new EHV lines over recent years, 
although most grid owners have invested heavily in increasing the capacity of 
existing lines. The total 380/400kV line length has increased by 3 percent 
(approximately 3,000 km) over the past 5 years. Main areas of expansion 
have been: 
 

• Austria, completion of the 380kV ring to the south east of Vienna; 
 

• Interconnection between Greece and Italy; 
 

• Spain, including a line from Madrid to Aragon, links with Portugal and 
the connection of wind farms; 

 
• Sweden, submarine cable with Poland; 

 
• UK, submarine cables to the Isle of Man and Northern Ireland; 

 
Where possible, a review into the costs of recent construction projects has 
been carried out. As could be expected, these show a wide range of costs. 
These include: 
 

• 155 km single circuit in Finland, that cost the equivalent of Euro 
183,000/km; 
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• Three lines in Greece (two AC and one DC) with a total length of 300 
km that have equivalent costs between Euro 165,000/km and Euro 
250,000/km; 

 
• Several projects in Portugal and Spain, both planned and completed, 

that range between Euro 250,000 to 390,000/km; 
 

• 66 km 400kV line (including transformers) in Sweden that cost around 
Euro 450,000/km; 

 
• 130 km 400kV line in France that cost Euro 576,000/km; 

 
• 108 km line in Austria that cost around Euro 685,000/km; 

 
• 207 km DC land and submarine cables between Italy and Greece that 

cost around Euro 660,000/km excluding converter stations; 
 

• 256 km DC submarine cables between Sweden and Poland that cost 
around Euro 860,000/km excluding converter stations; 

 
• 2x55 km Moyle interconnector between Scotland and Northern Ireland 

which cost around Euro 1.4million/km excluding converter stations. 
 
Combining the information on the costs of recent projects with unit cost data 
provided by grid companies, regulators and suppliers, we developed a 
“bottom-up” costing model that applies a unit cost to each category of 
equipment (including rights-of-way and engineering costs) required to 
construct high voltage single and double AC circuits at 380kV and 220kV 
together with a 400kV DC cable circuit. Under the 380kV base case, we have 
assumed a capacity of 1,000 MW over flat land. For both 380kV and 220kV 
we have assumed a premium of 20 percent for hilly ground and a premium of 
50 percent for high mountainous land. The estimated cost of 400kV 
underground cable excludes converter stations. 
 
We have made an assessment of the differing costs in each of the countries 
to arrive at an estimated standard cost of construction, details of which are 
shown in Chapter 4 and in Appendix C. The base case shows the following 
costs for construction over flat land: 
 
 
 Euro/km 
Single 380kV overhead line 251,000 
Double 380kV overhead line 401,600 
Single 220kV overhead line 168,200 
Double 220kV overhead line 269,000 
400kV DC underground cable 2,008,000 
 

Unit Costs of constructing new transmission assets at 380kV in the EU, Norway and Switzerland 5



Using a double circuit 380kV line as an example, compared to the base case 
cost of approximately Euro 400,000/km, the results suggest that the countries 
can be classified into five cost groupings as shown in the table below. 
 
 
  Euro ‘000/km Specific cost factors 
1 Finland, Sweden 200 – 300 Flat land (fewer towers) 

Less populated 
1 Greece, Portugal 200 – 300 Low costs (land, labour) 
2 Denmark, Norway, Spain 300 – 400 Close to base case 
3 Belgium, Netherlands, Italy 400 – 500 Close to base case 

Heavily populated 
4 France, Germany 500 – 600 Heavily populated 

High labour costs 
5 UK (England & Wales) 600 – 800 ‘n-2’ standard applied & 

more towers/km 
High right-of-way costs 
Heavily populated 

5 Austria, Switzerland 600 – 800 High environmental issues 
Topography, high wind 
pressure limits 
High labour costs 

 
Luxembourg has no 380kVlines and no new 380kV lines have been built in Ireland in the 
recent past. 
 
The costs in the model are based upon a number of sources including grid 
owners and operators, equipment suppliers and regulators. It should be 
pointed out, however, that some of the data is incomplete as a number of grid 
companies were unwilling to provide data, for a number of reasons. In some 
cases, therefore, where we have not been able to gather data and we have 
used our own judgement in order to provide illustrative results. 
 
Transmission assets and network charges 
 
Grid owners are in general allowed to recover with a reasonable rate of return, 
the costs involved in providing the fixed assets of the transmission system. 
These costs include permits, feasibility studies, rights-of-way, ground and 
preparatory work, the pylons and conductors and other equipment and their 
assembly, engineering and labour and finance costs.  
 
These costs are usually recovered from customers by way of annual use of 
system charges although customers sometimes make a one-off contribution 
for connection to the electricity system. Across many countries in the 
European Union, there is a common design to the underlying structure of 
transmission tariffs, however the extent that charges are levied for entry into 
the system for generators (“G charges”), and exit from the system, which is 
allocated to customers (“L charges”) differ.  
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The costs that can be recovered for transmission are typically those involved 
in the construction of the assets between the transformer voltage station at 
the generation boundary and the connections to the substation where the 
voltage is stepped down to a lower voltage.  
In order to collect capital charges, on an annual basis an allowance is made 
for the depreciation of the assets and a return on capital. Ongoing operating 
and maintenance costs (often subject to an efficiency factor) are also taken 
into account. In many of the countries the assets have been revalued as part 
of the country’s electricity industry restructuring and some countries allow for 
an annual uplift in asset values to take account of inflation. 
 
The rates applied for depreciation, O&M costs and return on capital vary 
across the countries as shown in the table below.  
 
 Low High 
Depreciation of HV lines 50 years 30 years 
O&M costs 1.5 percent 5 percent 
Return on capital 5.6 percent pre-

tax nominal  
9 percent pre tax nominal 
6 percent post tax real 

 
In some countries, the cost of network losses, system constraints, ancillary 
services and taxes are also included in the capacity element of the 
transmission tariff. In other countries, these costs are included in either the 
energy element of the use of system tariff or in congestion management 
charges. Some countries also include a charge for stranded costs whilst 
others include charges relating to the promotion of renewable energy or 
Combined Heat and Power. 
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1. Introduction 
 
 
This report has been prepared at the request of DG TREN. It’s main purpose 
is to assist the European Commission in its understanding of the construction 
costs of the high voltage electricity transmission network, which will potentially 
be applied to cross border exchanges of electricity within the 15 Member 
States of the European Union, Norway and Switzerland. 
 
Work involving the European Commission, ETSO, CEER, consumers, traders 
and industry associations to introduce a coordinated system of charges for 
cross border transactions has been carried out over the last couple of years. 
A temporary mechanism was introduced in September 2001 of a uniform 1 
Euro/MWh exit charge to leave a country. A longer term mechanism that 
takes into account the Long Run Average Incremental Cost is being 
considered and this report looks into the costs associated with constructing 
EHV transmission lines and the relationship with connection charges, 
accounting and regulatory asset values across the 17 countries.   
 
The report includes:         
 

• a description of the electricity transmission process and equipment 
used; 

 
• a review of the costs associated with the construction of new 

transmission assets from a “top down” approach based on publicly 
available data into recent investments and estimates of construction 
costs supplied by TSOs, regulators and equipment suppliers; 

 
• an analysis of the costs associated with the construction of new 

transmission assets from a “bottom up” approach; 
 

• a review of the impact of Research and Development into the cost of 
constructing new lines and cables; 

 
• the calculation of electricity transmission construction costs, asset 

values and network charges; 
 

• the accounting treatment of transmission assets including asset 
revaluations and depreciation policies; 

 
• an overview of the high voltage transmission system within the 17 

countries.  
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2. Transmission of Electricity 
 
Electrical transmission lines are used to send electricity over long distances 
from the point of generation to subordinate distribution networks. A traditional 
transmission line is conceived as a sequence of self-supporting rigid towers, 
each one supporting the conductors and shield-wires of the two adjacent 
spans. The electricity is transported by either alternating current (AC) or direct 
current (DC) through transmission lines or cables at a range of voltage levels. 
The choice of voltage, current and line will depend on a number of factors 
which are explained below.  
 
Voltage 
 
In Europe, the electricity networks are basically composed of four groups of 
voltage levels: 
 

• Extra high voltage: 750kV (undersea cables) 
400kV (standard in Nordel and the UK) 
380kV (standard in UCTE) 
220kV to 300kV (non standard) 

 
• High voltage  60kV to 150kV 

 
• Medium voltage 10kV to 50kV 

 
• Low voltage  0.2kV to 0.4kV 

 
In most countries, the Extra High Voltage (EHV) networks are defined as 
transmission networks with the other voltage levels defined as distribution 
networks. Power plants above 200 MW are generally connected to the EHV 
network. Smaller power plants can be connected directly to the other voltage 
networks. 
 
A 380/400kV line carries about three times as much power as a 275kV line 
and about 18 times that of a 132kV line. 
 
The access of generation and load onto the transmission network is often 
defined as the vertical network whilst the interconnections, lines and 
transmission sub-stations are defined as the horizontal network. 

   
Current 
 
Alternating current (AC) and direct current (DC) transmission both have 
merits. Their opposing characteristics, however, provide entirely different 
functions for the purposes of transmitting electricity. 
 
Under AC, polarity and intensity vary periodically over time and are best 
adaptable to short to medium distances within heavily interconnected 
networks (e.g. UCTE). AC networks can be vulnerable to surges in demand 
and as such AC lines do not flow at maximum voltage all the time. Momentary 
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faults on an AC system can be cleared by electronic circuit breakers and 
additional reactive power is needed at both ends to prevent power being 
consumed by the line. Maintaining system stability within the tight bandwidth 
around the normal frequency of 50 Hz in Europe requires close cooperation 
between partners based on a constant exchange of information.  
 
DC operates at constant polarity and intensity and is used for moving large 
amounts of power over large distances or linking systems with different 
operational frequencies (e.g. Nordel – UCTE). DC networks can usually only 
be justified economically over long distances because large converting 
stations must be erected at each end of the line which cost substantially more 
than a transformer station. For example, the converter stations on the recently 
constructed Greece/Italy DC interconnection are estimated to have cost 
around Euro 40 million each whereas a standard transformer station can cost 
around Euro 4 million). 
 
Although DC lines have a higher capital cost (as much as six times more) they 
do have lower line losses (about 5 percent on a 1,000 km journey, whereas 
AC lines can lose up to 20 percent over the same distance). 
 
Within Europe, several high voltage DC lines have been built to link different 
interconnected systems or to islands. These include cables between France 
and England, Germany and Sweden, Italy with Greece, Denmark with Norway 
and Sweden with Poland. 
 
Overhead Lines 
 
Electricity towers or pylons, and the wires and conductors that they support, 
are the major way of transmitting electricity. They are generally a lattice steel 
structure with a number of cross arms. Pylons need to be tall and strong to 
carry the weight of the conductors and wires and to maintain electricity safety 
clearance. 
 
The type, size, height and spacing of pylons are determined by geographical, 
operational, safety and environmental considerations. A typical overhead line 
route will involve three types of tower: suspension (used for straight lines), 
deviation (where the route changes direction) and terminal (where the lines 
connect with substations or underground cables). In some networks, a squat, 
sturdier angle tower is constructed (between every 8th - 10th tower) to prevent 
“cascade failure” in the event of heavy storms.   
 
A suspension tower is typically between 40 to 60 metres in height with a span 
of between 7 and 25 metres, depending on the type of tower. The two 
principal types are the “pine” which narrows at the top and the Y shaped 
“delta”. The width of the pylon right of way will depend on the level of power to 
be transmitted but typically range between 30 and 50 metres for 380kV 
compared to 25 to 30 metres for 110kV. For 380kV, pylons are usually spaced 
around 350 to 450 metres apart and provide ground clearance of at least 
seven metres in all weather conditions. Higher clearances usually apply if the 
route crosses motorways or high-pressure water hoses and minimum 
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clearance for trees and public street lighting also apply. Pylons for 380/400kV 
are typically made from steel, although aluminium or wood, are often used at 
lower voltages.  
 
The pylons are designed to carry either a single or double circuit in three 
phases. Each phase can carry between one and four conductors (single, twin, 
triple or quad bundles). The number of conductors per phase will depend on 
the technical requirements and geographical factors, but more bundles help 
protect against stress and “corona” discharge, reduce noise and line losses 
and can increase the MVA rating allowing more capacity to flow. The 
additional weight, however, can lead to a narrowing of the distance between 
towers or more expensive (weight bearing) towers. 
 
The conductors transmitting electricity at 380kV are usually made from 
aluminium with a cross sectional area between 300 and 700 sq.mm (diameter 
of 24 - 41mm). Thicker wire diameters allow for greater capacity to flow. Some 
conductors are often reinforced with steel to withstand inclement weather 
conditions including ice, frost and wind, although all aluminium alloy 
conductors have a better resistance to corrosion. To illustrate this point, we 
include an extract from National Grid’s conductor system. 
 

Tower Conductor system 
sq.mm 

Rated temperature 
°C 

Winter rating 
(MVA) 

L6 2 x 400 50 1,390 
L6 4 x 400 50 2,780 
L6 2 x 500 75 2,030 
L6 2 x 700 75 2,550 
L6 3 x 700 50 3,070 
L6 2 x 700 90 2,810 

 
Some countries place limits on conductor temperatures. For example, in 
Germany the conductor temperature is restricted by law to 75°C, whereas in 
the United States, some lines operate at temperatures exceeding 150°C. This 
means that designing a line for a given capacity can be done for a lower 
capital cost in the United States than in Germany, but the line in Germany will 
have lower energy losses. 
 
The wind pressure limits built into design standards for towers and conductors 
vary across Europe. According to RTE in France, following the storm damage 
of December 1999, a review was carried out into their technical standards. 
One measure that was introduced was to increase the security of power 
supply by strengthening the resistance to wind velocities from 150/160 
km/hour inland to 160/170 km/hour. They also compared the new French 
standard to some of the neighbouring countries. The results were: 
 

• France  160 km/hour inland up to 190 km/hour over coastal  
 areas and the Rhone Valley 

• Germany  150 – 170 km/hour 
• Italy   110 – 160 km/hour 
• Switzerland  175 – 180 km/hour 
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• UK   155 – 165 km/hour 
 
The conductors need to be insulated from the ground and overhead lines use 
air as the principal insulator although the live conductors are hung from a 
string of toughened glass (or porcelain) insulating chains that are suspended 
from the pylons. The number of insulating discs depends on the voltage with 
around 20 discs for 380kV lines, between 10 and 12 for 220kV lines and 
between 6 and 8 for 110kV lines. 
 
Other equipment that is used on transmission lines include dampers, which 
are fixed to insulators to avoid conductor damage in windy conditions, 
spacers, which maintain conductor separation at intervals along the span 
between towers, clamps, jumpers and dampers. There is also usually an 
earthwire strung between the top of the pylons which protects the conductors 
from lightning. The earthwire may also be used to carry telecommunication 
signals.  
 
The use of line surge arresters for improvement of quality of service has 
increased over the last decade. Line surge arresters are mainly used for 
transmission line lightning performance improvement and for the reduction of 
outages on double circuit lines. Some conductors are also designed to 
withstand “broken wire” conditions in the event of trees falling across power 
lines. 
 
Cables 
 
Overhead lines do have a visual impact on the landscape and in dense urban 
areas they are often impractical or unacceptable to residents. Underground 
cables are therefore an alternative, but more expensive, form of transmitting 
electricity. 
 
On land, cables made with copper are generally laid in a trench in groups of 
three in a mixture of cement and sand about a metre below ground and a 
metre apart. The cables generate significant heat and due to the absence of 
air, the conductors need to be much thicker. The conductor is usually 
insulated by a thick wrapping of fluid impregnated paper that is kept under 
pressure by fluid tanks along the cable route. There is an aluminium or lead 
sheath to retain insulating fluid and a tough plastic, or polypropylene, cover to 
protect against corrosion. In deep water, the cables also have a steel wire 
armour between the layers of plastic. They are generally buried at depths of 
up to 3 metres to reduce the risk of damage from trawlers and anchoring 
ships. 
 
It is estimated that 380/400kV underground cables cost between 5 and 25 
times as much to install as overhead lines (RTE in France quote 10 to 20 
times, National Grid in the UK quote 15 to 25 times, UK regulator OFGEM 
quote 14 times). Other companies such as GRTN and Fingrid say the 
equivalent cost is 5 to 8 times more expensive.  In addition to the additional 
insulation, extra land is needed for the sealing end where the cables need to 
be connected to overhead lines and the volume of spoil excavated is over 30 
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times that required for the equivalent overhead line route. Burial also results in 
the loss of part of the energy conveyed. To remedy this, substations are 
required every 15 to 20 km. Repair costs are also greater as the detection, 
identification and repair of the underground cables is far more complex. As a 
consequence, underground cabling of networks at 380/400kV is the exception 
rather than the rule in most countries around the world. 
 
At lower voltage levels (225kV and below), burial is more common (in France, 
for example, about 4 percent of the 225kV grid is buried), although it remains 
more expensive than lines. At 220kV, RTE estimate it to be 5 to 7 times more 
expensive to use cables and at voltage levels below 100kV around 3 to 4 
times more expensive. 
 
Substations 
 
The purpose of the substation (or switchyard) is to transform the voltage of 
electricity or switch electricity circuits. Substations are usually contained within 
secure sites to ensure public safety. Most substations today are unmanned 
sites although road access is necessary for staff and for the transport of 
equipment, maintenance or repair. 
 
Land 
 
Although a transmission company generally owns the land occupied by its 
substations, in general they do not own the land that is crossed by electricity 
lines. The line is retained by means of a wayleave agreement allowing access 
rights to the land at any time. Compensation is agreed on an individual basis 
and is passed through to users. If the land has to be leased, the costs of the 
lease would be passed through to the user.  
 
Technical and System Operating Constraints 
 
The transmission capacity of a network is technically limited due to limits of 
current on lines and transformers. Other constraints include limits on voltage 
and stability requirements and system security.  
 
Transmission lines resist the flow of electrons through it, causing heat to be 
produced. The actual temperature occurring in the line will depend on the 
current and the weather. Thermal limits are therefore imposed to prevent 
overheating which can cause the line to sag and may cause its clearance 
from the ground to be less than required for safety reasons. 
 
Voltage constraints are set by the design of the transmission line. If the 
maximum is exceeded, short circuits and noise may occur and transformer 
equipment may be damaged. Minimum voltage constraints also exist based 
on the power requirements of the customers.  
 
Power transfer capacities of AC lines are usually defined in units of MVA 
(Mega Voltage Ampere) which represents the maximum power that can be 
transported. A reasonable estimate of the capacity available is approximately 
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90 percent of the MVA although the available capacity is affected by a number 
of factors including transmission reserve margins, network security and 
maintenance and the weather, since the exchange capacity of a line falls as 
the air temperature rises. The capacity of DC lines/cables is generally defined 
in MW, as reactive power is not associated with DC. 
 
The operating constraints of transmission systems relate primarily to security 
and reliability, such as maintenance of power flows when demand or 
generation patterns change. Power flows also do not necessarily follow a 
contract path (between generator and customer) but may flow through parallel 
paths in other transmission systems. Within interconnected systems, they 
may also flow into other system networks and return (known as “loop flows”) 
which can limit the amount of power that a system can transfer. 
 
In AC integrated transmission systems there are common security principles. 
Each network must be able to withstand the sudden outage of an arbitrary 
network component or generating unit at any time without violation of 
technical limitations or interruptions of supply to any customer.  The common 
operational standard applied in Europe in the ‘n-1’ principle. In some networks 
in Europe, the ‘n-2’ safety principle is applied, which involves additional feed-
in points from either the 380/220kV network or the 110kV network to provide 
reserve supply. According to the report prepared for DG TREN by IAEW & 
Consentec into Electricity Network Capacities (December 2001), countries 
applying the additional ‘n-2’ standard are: 
 

• France  few double circuit lines 
• Italy    some double circuit lines 
• Portugal  some double circuit lines 
• Spain   double circuit lines > 30km 
• UK (E&W)  double circuit lines 

 
Interconnections 
 
All the 15 EU Member States, Norway and Switzerland have at least one 
interconnecting line with another Member State. With the exception of 
Ireland/Northern Ireland, there are all at 220kV and above. The development 
of interconnectors was driven initially by system security requirements, but 
subsequently were developed to take advantage of the efficient use of 
hydropower or imports from countries with large nuclear production. 
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3. Unit Costs – Top Down Approach 
 
 
As part of the analysis, we have examined the costs associated with the 
construction of 380/400 kV lines in countries covered by the study over the 
past 10 years. The analysis is based upon data from TSOs, regulators, 
suppliers and cost proposals submitted to the European Commission TENS 
project. We have also looked at public data available in the United States into 
the costs of constructing new high voltage cables and lines. 
 
There has not been a significant expansion of the 380/400kV overhead line  
network in recent years. The length of the network in the 17 countries is 
around 100,000 km and additions over the past five years were around 3,400 
km. A summary of the kilometres added is shown in the table below. 
 
 2001 2000 1999 1998 1997 Total 
Austria - - 215 - - 215 
Belgium - - - - - - 
Denmark - 28 - 7 - 35 
Finland - 149 - 133 1 282 
France 12 - - 26 84 122 
Germany - 25 300 - 31 356 
Greece 300 3 214 - - 517 
Ireland - - - - - - 
Italy - - 65 113 37 215 
Luxembourg - - - - - - 
Netherlands - - 19 31 - 50 
Norway - - 50 - - 50 
Portugal - 1 - - 61 62 
Spain (REE) 197 130 - 309 146 782 
Sweden - 256 - - - 256 
Switzerland n/a 80 - 352 - 432 
UK (E&W) 75 - - - - 75 
Total 584 672 863 971 359 3,449 
 Source – UCTE, Nordel and Annual Reports 
 
Austria 
 
The web site of Verbund – APG provides details of the main expansion to the 
network completed in 1999. A 108 km line was constructed to the south east 
of Vienna and cost Euro 94 million, of which Euro 20 million related to 
landscape and environmental protection measures. The line cost including the 
environmental measures amounts to Euro 870,000/km (excluding them is 
Euro 685,000/km). This amount, however, included the dismantling of 16 km 
of 220kV and 80 km of 110kV line. 
 
We reviewed a document prepared by the Verbund in 1992 relating to the 
construction of a 33.4 km 380kV double circuit line that was part of the 
Sandrigo – Lienz project. The capacity of the line was 1,500 MVA and the 
conductors were 635/117 sq.mm lines. Large size lines were proposed to 
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protect the circuit against icing. The line was to be constructed over a 
mountainous terrain of over 2,360 metres in the Tyrol region of Austria. The 
estimated cost of the line was ECU 43.4 million, broken down as follows: 
 

• towers and assembly   14.2 million 
• conductors including assembly    7.1 million  
• ground and preparatory works    3.4 million 
• insulators, fittings other equipment   7.0 million 
• finance costs       5.8 million 
• external costs      4.7 million 
• internal services      1.2 million 

 
The overall cost equates to approximately Euro 1.28 million/km. The high cost 
was due to the difficult topographic and climatic conditions, however, the 
project did not proceed. 
 
Belgium 
 
The Belgian grid has not been extended in recent years. Through discussions 
with the Belgian electricity regulator, CREG, we analysed the valuation 
performed by an external auditor in 2000 into the valuation of the country’s 
high voltage power grid at 150kV to 380kV. The methodologies applied 
included an estimate of the replacement value of the grid. 
 

 Km of line Gross replacement 
value Euro million 

Value Euro/km 

380kV 1,476 692 469,000 
220kV 388 83 214,000 
150kV 3,280 452 138,000 

150kV cables 158 129 816,000 
Transformers 800 1,483 1.8m/transformer 

Other equipment  278  
Total gross  3,117  

 
Denmark 
 
We were supplied with the following cost estimates for 380/400kV lines by 
Eltra and the Danish Energy Regulatory Authority: 
 
 Capacity (MW) Euro/km 
Single circuit 2000 431,000 
Double circuit 4000  525,000 
 
The rather high prices were attributable to climatic conditions in the western 
part of Denmark. The capacity of the lines is also high in comparison to 
estimates provided by other grid companies.  
 
Elkraft System provided a cost estimate of Euro 390,000/km for 400kV lines. 
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Finland 
 
The increase in Finland’s grid network in 2000 related primarily to a 115 km 
single line between Länsisalmi and Kymi. The total cost was Euro 21 million, 
which represents approximately Euro 183,000/km. 
 
According to information provided by Fingrid, the cost of constructing high 
voltage lines, cable and transformers is 
 
  multiple to 400kV line 
400kV overhead lines 155,000/km - 
400kV submarine cable 540,000/km 3.5 
220kV overhead lines 85,000/km 55% 
400kV transformer 3,500,000 - 
220kV transformer 2,000,000 57% 
 
France 
 
The web site of RTE provides details of the reconstruction of a 225kV line into 
a 400kV double circuit line between Marlenheim and Vigy. The project 
involved the removal of 105 km of existing line and the construction of 130 km 
of new line. 250 towers were to be erected (i.e. every 520 metres) and the 
total cost of the project was estimated to be Euro 75 million. The total cost 
equates to Euro 576,000/km. This amount includes the removal of existing 
lines and 10 percent of the total cost represents a fund for environmental 
purposes (e.g. enhancing the visual aspect of facilities). The project would, 
however, have benefited from using the corridor of the old lines.   
 
We reviewed a document provided by DG TREN into a proposed 400kV line 
linking Moulaine in France with Aubange in Belgium. The 10 km double circuit 
400kV line had a capacity of 1,100 MVA and the towers were to support a 
circuit of 2 x 570 sq.mm. The estimated cost of construction was ECU 8.2 
million (1994 prices) equating to some Euro 805,000/km. 
 
A further document covered a proposed project in the north east of France 
between Muhlbach and Sierentz. The 35 km double circuit 400kV line had a 
capacity of 1,700 MVA and the towers were to support a circuit of 3 x 570 
sq.mm. The estimated cost of ECU 16.7 million (1994 prices) equated to 
some Euro 470,000/km. 
 
A recent press release from RTE into the modernisation and reconstruction of 
a 400kV line between Vigy in France and Uchtelfangen in Germany refers to 
30km of line supported by 63 towers and an investment of Euro 20 million 
(equating to Euro 666,000/km). 
 
We were also informed that construction costs in France are higher than 
average as there is a high concentration of EHV lines due to the large number 
of nuclear power stations which for safety reasons require a larger number of 
entry lines. 
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Germany 
 
We were provided with the unit cost of constructing 380kV double circuit lines 
by one of the German grid operators. They estimate the total cost on flat land 
to be Euro 593,000/km. This represented Euro 86,000/km for pylons, Euro 
113,000/km for other equipment and Euro 294,000/km for labour and 
construction costs. The premium for hilly ground construction was estimated 
to be approximately 20 percent. 
 
We reviewed several documents into the interconnections between the former 
East Germany and the 380kV network in West Germany. These included 
 

• 43 km double circuit 380kV line between Mecklar and Vieslebach 
including switchyards at both locations. The conductors were 4 phase 
265/35 sq.mm steel reinforced aluminium. The estimated total 
investment was ECU 103 million or approximately Euro 2.35 million per 
km; 

 
• 142 km double circuit line 380kV between Schwerin and Lubeck in 

Northern Germany including switchyards at both locations. Conductors 
were 3 phase 265/35 sq.mm steel reinforced aluminium. The estimated 
total investment was ECU 110 million or approximately Euro 
760,000/km; 

 
• 85 km double circuit line between Krummel and Lubeck in Northern 

Germany including switchyards at both locations. Conductors were 3 
phase 435/55 sq.mm steel reinforced aluminium. The estimated total 
investment was ECU 84 million (1994 prices) or approximately Euro 
990,000/km. 

 
 
Greece 
 
We were provided with cost estimates for the construction of both single and 
double 380kV circuits by PPC. Details are shown in the table below. 
 
 Single circuit Euro/km Double circuit Euro/km 
Equipment 64,600 118,000 
Construction costs 58,700 85,000 
Indirect costs 23,700 32,000 
Total 147,000 235,000 
 
A review was carried out of the July 2000 Work in Progress Report prepared 
by Terna and PPC into the HVDC link interconnector between Galatina in Italy 
and Arachthos in Greece. PPC had responsibility for the construction of the 
three 380kV overhead lines in Greece. Actual costs were reported as Euro 
57.1 million, although no individual breakdown for each line was provided in 
the report. 
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The 1994 budget for the lines was ECU 51.5 million and the budgeted cost for 
the two AC lines equated to ECU 155,000/km and ECU 225,000/km. A 10 
percent overspend would represent costs of approximately Euro 170,000/km 
and Euro 250,000/km. The budget for the DC line equated to ECU 
150,000/km, with a 10 percent overspend, this would represent an 
approximate cost of Euro 165,000/km. 
 
We also reviewed documentation into a proposed interconnection between 
Greece and Turkey. The Greek part was to consist of a 236 km 400kV line 
with an estimated cost of ECU 60 million (1994 prices) or approximately Euro 
250,000 per km. 
 
Italy 
 
We were provided with a breakdown of costs by Terna for a single circuit 
380kV line. In Italy, the distance between towers is between 400-450 metres. 
The costs are summarised in the table below. 
 
Towers 47,000 
Conductors 48,000 
Insulators 8,000 
Clamps and other equipment 20,000 
Labour 105,000 
Rights-of-way 25,000 
Engineering/construction costs 20,000 
Total (Euro/km) 273,000 
 
We also reviewed recent construction projects. According to the July 2000 
Work in Progress Report prepared by Terna and PPC into the construction of 
the Greece/Italy HVDC link, the budget and plan for the project prepared in 
1994 was based upon: 
 

• Converter station from 380kV AC to 400kV DC at Galatina 
• 43.5 km DC land cable between Galatina to Otranto 
• 163 km submarine cable between Otranto to Aetos 
• 0.5 km cable link to an overhead line at Aetos 
• 110 km 400kV DC overhead line from Aetos to Arachthos 
• Converter station DC to AC at Arachthos 
• 110 km 380kV AC line from Arachthos to Trikala 
• 80 km 380kV AC line from Arachthos to Acheloos 
• Other works including telecommunications. 

 
The total budget was ECU 331 million (1994 prices). A split of work was 
agreed between ENEL and PPC. Enel had responsibility for the construction 
of the converter stations, sea and land cables and PPC would construct the 
380kV lines plus some civil works and land acquisition at the Arachthos 
converter station. The budget split was Italy ECU 263 million, Greece ECU 68 
million. 
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The July 2000 report shows that total cost of the 207 km of sea and land 
cables was Euro 137.5 million, which equates to Euro 664,000/km. The 
converter stations cost approximately Euro 40 million each. 
 
We also received some information on a proposed Italian-Swiss 
interconnector project between San Fiorano and Robbia. The project, which 
still has to be approved, is estimated to cost between Euro 600,000 and 
700,000/km. The line will pass over mountainous ground with twin conductors 
per phase using a 40.5mm diameter wire rather than the more usual triple 
31mm wire. This is to reduce the visual impact of the line.  
 
We also received information from GRTN regarding a proposed 33km single 
circuit tri-bundle 380kV power line between Candela and Foggia. A tender 
was issued in July 2002 for the construction, maintenance and operation of 
the line that will be built over flat land. The starting cap price is approximately 
Euro 1.5 million and represents the maximum annual fee that GRTN will pay 
to the owner of the line for 35 years. The bid price corresponds to a 
construction cost of Euro 420,000/km. This is the opening bid price and is 
therefore set at a high level to attract outside investors. The annual fee 
represents the allowance for depreciation, a 5.6 percent return on investment 
and operation/maintenance costs based on 2.4 percent of gross asset value. 
 
Netherlands 
 
There have not been any major new projects in the Netherlands in recent 
years. The principal issues relating to any planned expansion of the grid are 
the high population density in the Netherlands.  
 
Norway 
 
We were supplied with the following standard cost data from Statnett 
 
 Capacity (MW) Euro 
420kV overhead line 2000 400,000/km 
300kV overhead line 1400 375,000/km 
420kV cable 1200 2,600,000/km 
500kV HVDC sea cable 500 800,000/km 
HVDC converters 500 41,000,000 
420/300kV transformers 1000 2,800,000 
420kV bays  1,550,000 
 
The premium for difficult terrain was estimated at 35 percent. An approximate 
breakdown of the costs was planning and design (10-15 percent), tower, 
conductors and fittings (30-35 percent), installation and ground works (45-50 
percent) and route clearing and landowner compensation (5-10 percent). 
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According to information sources, the 600 MW 260km Baltic Cable that was 
completed in 1994 cost some Euro 220 million. Assuming converter stations 
cost around Euro 40 million each, the cable equates to approximately Euro 
540,000/km. 
 
Portugal  
 
We were provided with data from ERSE, the regulator, into the unit costs of 
five single and seven double circuit lines planned in Portugal between 2001 
and 2006. Details are shown in the table below. 
 
 Length Average cost per line Euro/km 
Single circuit 292 183,000 
Double circuit 85  313,000 
 
We also reviewed a document into a proposed 400kV 86 km line linking 
Recarei and Douro. The line was to have a capacity of 1,350 MVA. The cost 
of the line (excluding substations) was estimated at ECU 12 million, or 
approximately Euro 140,000/km. 
 
 
Spain  
 
We reviewed several documents prepared by REE into proposed 
interconnection projects between Spain and Portugal (Meson – Lindoso line). 
The aim was to increase capacity by 1,000 MVA. In Spain, these included: 
 

• 158 km 400kV line between Meson and Cartelle. The cost of the line 
was estimated at ECU 26 million (1994 prices) or approximately Euro 
165,000/km. The line required 346 towers (i.e. one tower every 456 
metres); 

 
• 66 km line between Cartelle and Trives. The cost of the line was 

estimated at ECU 15 million (1994 prices) or approximately Euro 
227,000/km; the line required 155 towers (i.e. one tower every 425 
metres). Investment in substations in Meson and Trivese were 
estimated to cost ECU 1.5 million each and a substation at Cartelle 
was estimated to cost ECU 5 million; 

 
• There were also plans to install a 187 km double circuit 400kV line 

between Aragon in Spain and Cazaril in France. The estimated cost 
was ECU 53 million (1994 prices) or approximately Euro 283,000/km. 
The project did not proceed. 

 
We also reviewed the Annual Reports of REE over the past three years as the 
company has invested significant amounts in expanding the 400 kV network 
in Spain. 
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Investment in new 
transmission lines 

Work in progress 
added (km of 
lines) 

Work completed 
(km of lines) 

Average amount 
Euro/km 

2000 Euro 47.6m 900 380 372,000 
2001 Euro 71m 1,600 226 388,000 
 
This investment relates to a number of projects mainly on undulating/hilly 
ground (e.g. Aragon) and 289 km of circuit connecting wind farms in Galicia, 
Aragon and Tarifa. 
 
We were also supplied with standardised unit cost data for authorised new 
investments in Spain by CNE, the regulator. 
 
 
 400kV 220kV 
Single circuit 162,635 96,350 
Double circuit 260,753 154,055 
Single circuit n/a 2,555,920 
Double circuit n/a 4,345,038 
Substations - conventional 1,772,808 869,178 
Substations – shielded position 2,220,301 1,505,964 
  
We understand these amounts exclude engineering and rights-of-way. 
 
Sweden 
 
We were provided by information from Svenska Kraftnät. They estimated the 
cost of a 400kV double circuit to be Euro 190,000/km. 
 
Towers and foundations 50,000 
Foundations 13,000 
Conductors & insulators 98,000 
Other equipment 6,000 
Rights-of-way 10,000 
Engineering costs 13,000 
Total (Euro/km) 190,000 
 
Recent investments in Sweden include a 66 km 400kV line between Alvesta 
and Hemsjö that boosted capacity between northern and southern Sweden by 
500 MW. The total investment was Euro 30 million, which equates to some 
Euro 450,000/km. This was 10 percent above the original estimate and the 
project included connecting the 400kV line with the existing 130kV line. 
 
The 256 km DC cable between Sweden and Poland that commenced 
commercial operation in 2000 cost approximately Euro 300 million. Excluding 
converter stations this represents approximately or Euro 860,000/km. 
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Switzerland 
 
We made direct contact with the Swiss grid owners, one of who provided the 
following cost estimates for 380/400kV lines: 
 
 Capacity (MW) Euro/km 
Single circuit 1000 700,000 to 900,000 
Double circuit 2000 1.1m to 1.4m 
 
The high prices were attributable to mountainous conditions in Switzerland 
(which add a 30 percent premium), high labour costs (which represent 70 
percent of total cost) and the time to get the public permission for the line, 
which can take between 5 and 15 years depending on the potential for public 
conflicts concerning environmental matters.  
 
We were also supplied with cost estimates for single and double circuits at 
220kV and 380kV by a Swiss equipment supplier. 
 
 220kV 

single 
220kV 
double 

380kV 
single 

380kV 
double 

Foundations 69,000 89,000 83,000 123,000 
Towers 83,000 103,000 103,000 151,000 
Conductors 34,000 65,000 41,000 75,000 
Insulators 17,000 34,000 21,000 41,000 
Labour 140,000 190,000 165,000 247,000 
Total (Euro/km) 343,000 481,000 413,000 637,000 
 
These costs exclude planning and supervision estimated to be between 10 
and 15 percent and the costs associated with obtaining planning permits and 
rights-of-way. As this process can take up to 15 years, estimates were not 
provided. 
 
United Kingdom 
 
A broad estimate of construction costs in England and Wales is provided by 
National Grid in their Statement of the Connection Charging Methodology, 
April 2002. Gross Asset Values for the construction of 400kV double circuit 
overhead lines are quoted as: 
 

• 2 x 700 sq. mm L12 towers (all aluminium conductors) Euro 1m/km 
 

• 4 x 400 sq. mm L6 towers (aluminium steel reinforced) Euro 1.4m/km 
 

• 2 x 400 sq. mm L 8 towers (aluminium steel reinforced) Euro 
800,000/km 

 
The GAVs include costs of direct labour and financing but do not include 
associated costs e.g. undergrounding of telecoms circuits, tree felling, soil 
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reinstatement and surveying or costs of transformers. We were informed that 
the cost of single circuit lines would be approximately 75 percent of the double 
circuit amounts. 
 
Indicative charges are also provided for underground cables equivalent to the 
above specifications. These are: 
 

• L12  Euro 27 million/km 
 

• L6 Euro 37 million/km 
 

• L8 Euro 19 million/km 
 
Recent investments in the UK include the laying of two 55 km sea cables from 
Scotland to Northern Ireland. The total cost of the project was Euro 240 
million. Assuming a cost of Euro 40 million for two converter stations, the cost 
of the cable equates to Euro 1.4 million/km. 
 
United States 
 
Some analysis has been carried out in the United States into the cost of 
transmission lines, particularly with the development of merchant 
transmission. The table below is extracted from some analysis by Hirst & 
Kirby in 2001 and shows typical costs (including land, towers and conductors 
but excluding substations) for a range of voltages. 
 
 

 
Voltage (kV) 

Capital cost  
$’000 km 

Capacity 
(MW) 

Cost 
$’000/GW - 

km 

Width 
(metres) 

230 250 350 0.71 30 
345 470 900 0.52 40 
500 625 2,000 0.31 60 
765 940 4,000 0.24 70 

 
 
The Energy Information Administration (EIA) of the US Department of Energy 
have also released data on the typical cost of new transmission lines. This 
data which covers voltages between 60 to 230kV was compiled in 1995/96 in 
response to the Energy Policy Act of 1992 and the Federal Energy Regulatory 
Commission (FERC) Order No. 888 relating to the opening of wholesale 
electric power sales to competition. It required utilities that owned, controlled 
or operated transmission lines to file non-discriminatory open access 
transmission tariffs. The costs for 230kV line provided by the EIA are shown in 
the table below. 
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Tower type & 
number of 

circuits 

Size of power 
line (mm 2) 

Capacity 
MW 

Cost per 
circuit per km 
(excl rights-of- 

way ) $’000 
1995 

Cost per km 
(excl rights-of- 

way ) 
 $’000 
 2002 

steel, single 560 398 225 253 
steel, single 560, bundled 796 330 370 
steel, single 1,165 1,060 525 590 
steel, double 560 398 145 325 
steel, double 560, bundled 796 220 494 
steel, double 1,165 1,060 345 775 

 
The cost of a 230kV underground cable 400 MVA was estimated at $2.3 
million ($2.6 million in 2000 prices), which is approximately 10 times the cost 
of an equivalent single circuit line and 15 times the cost of an equivalent 
double circuit line. 
 
Raw material prices 
 
The principal raw material used in the production of conductors is aluminium. 
Over the past five years, the traded price of aluminium has fluctuated between   
US$ 1,140/tonne (on 16 March 1999) and US$ 1,745/tonne (on 26 January 
2000). The current price is (1 September 2002) is around $1,300/tonne. A 
graph showing the movement in aluminium (and aluminium alloy) prices is 
shown in an appendix. 
 
Research & Development – Impact on new 380/400kV construction 
 
Many of the Transmission Asset Owners and suppliers across Europe are 
working on projects that could impact the future costs of construction. Some 
examples are noted below. 
 
In Sweden, Svenska Kraftnät has been working with industrial designers in 
order to develop a new pylon for their 400kV lines for location in urban 
environments. The aim is to produce a compact line that does not have tower 
stays so the width can be reduced to about 6.5 metres. The line also has no 
earthwire and is therefore much lower in height at around 19 metres.  
 
ABB has carried out various studies into more compact transmission towers 
and has developed a solution named Green Lines. This system considers the 
mutual interaction between the weight of the towers and the wires along the 
line. The slimmer towers require a narrower right-of-way reducing land 
occupation. 
 
In France, RTE has being undertaking research into the development of high 
capacity synthetic insulated and gas insulated cables that would help to 
reduce the number of conductors required on an overhead line. 
 
HVDC Light is a relatively new approach that has been introduced in some 
European countries as well as Australia and the United States. It uses bipolar 
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transistor-based valves in converter stations that have lower capital costs and 
provide better control of power flows. A HVDC transmission system is 
currently being installed on Statoil’s Troll A gas platform. Electricity is 
generated on land on transmitted to the platforms.  
 
In the UK, National Grid has been looking at how new technologies might 
reduce the cost of underground cables. They state that three areas most likely 
to yield cost savings are improvements in the insulation, the conductor and 
the method of installation. Options include: 
 

• the use of polypropylene (or XLPE) instead of paper insulation; 
 

• the use of high temperature superconducting cables which can carry 
out as much as five times as much power as copper wires with the 
same dimensions. Such cables have been used for low voltage lines in 
dense urban areas (e.g. Detroit and Copenhagen) but this technology 
may be extended to medium and high voltage lines; 

 
• the drilling of cables without digging up lengths of trench. 

 
The next step in superconducting-wire technology will be to produce the cable 
at an economic price level. At present in the US, American Superconductor 
sells wire for around $200 per kiloamp per metre, but expects this to fall to 
$50 in the near future, but this will still be twice the price of copper cables.  
 
Although there is considerable activity worldwide in seeking to develop 
cheaper HV cables, most grid companies believe there is little prospect in the 
foreseeable future of a breakthrough that would reduce the disadvantage of 
underground cables when weighed against overhead lines for high voltage 
transmission applications. 
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4. Unit costs - Bottom up approach 
 
  
As part of the analysis, a “bottom-up” costing model has been prepared that is 
capable of calculating the long-run incremental costs of constructing high 
voltage assets.  
 
The model applies a unit cost to each category of equipment (including rights-
of-way and engineering costs) required to construct high voltage single and 
double AC circuits at 380kV and 220kV together with a 400kV DC cable 
circuit. Under the 380kV base case, we have assumed a capacity of 1,000 
MW over flat land. For both 380kV and 220kV we have assumed a premium 
of 20 percent for hilly ground and a premium of 50 percent for high 
mountainous land. 
 
We have then made an assessment of the differing costs in each of the 
countries to arrive at an estimated standard cost of construction. The detailed 
results are shown in Appendix C and shows the summary cost estimates for: 
 

• single and double circuit 220kV line over flat, hilly and mountainous 
ground; 

• single and double circuit 380/400kV line as above; 
• 400kV DC cable. 

 
The table below summarises the estimated standard costs of a 380kV double 
circuit over flat land. 

 
 380kV double circuit 

Euro ‘000/km 
Base case 402 
Austria 720 
Belgium 469 
Denmark 394 
Finland 270 
France 600 
Germany 595 
Greece 224 
Ireland n/a 
Italy 464 
Luxembourg n/a 
Netherlands 475 
Norway 400 
Portugal 274 
Spain (REE) 332 
Sweden 190 
Switzerland 772 
UK (E&W) 781 
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Using a double circuit 380kV line as an example, compared to the base case 
cost of Euro 401,000/km, the results suggest that the countries can be 
classified into five cost groupings as shown in the table below. 
 
  Euro ‘000/km Specific cost factors 
1 Finland, Sweden 200 – 300 Flat land (fewer towers) 

Less populated 
1 Greece, Portugal 200 – 300 Low costs (land, labour) 
2 Denmark, Norway, Spain 300 – 400 Close to base case 
3 Belgium, Netherlands, Italy 400 – 500 Close to base case 

Heavily populated 
4 France, Germany 500 – 600 Heavily populated 

High labour costs 
5 UK (England & Wales) 600 – 800 ‘n-2’ standard applied & 

more towers/km 
High right-of-way costs 
Heavily populated 

5 Austria, Switzerland 600 – 800 High environmental issues 
Topography, high wind 
pressure limits 
High labour costs 

 
Luxembourg has no 380kVline and no new 380kV lines have been built in Ireland in the 
recent past. 
 
These costs exclude the cost of transformers and other substation equipment. 
The most significant items are transformers and busbar bays. Based on 
information provided by TSOs, 400kV transformers can cost between Euro 2-
4 million and 400kV bays between Euro 1.5-2.5 million. They also exclude 
compensation payments to local authorities and landowners. 
 
For 220kV, our base assumes that the construction cost is 67 percent of the 
cost of a corresponding 380kV line. We have received a range of estimates 
from grid operators as to the cost of 220kV relative to 380kV. These vary from   
40 percent in Italy to 83 percent in Switzerland. We were told that the ratio 
would depend on the number and size of conductors used. 
 
For the 400kV DC cable, we have assumed two scenarios that are 5 and 8 
times the cost of a single 380kV line. The cost excludes converter stations. 
 
In the model that has been developed, the estimated construction costs have 
been annualised to determine the capital charge for the year by making an 
allowance for depreciation, operating and maintenance costs and a return on 
capital. The base case assumes the following: 
 

• Asset life of 40 years for lines and 30 years for cable; 
• 2.5 percent allowance for operating and maintenance costs; 
• 6.5 percent real pre-tax return on capital. 
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Where known, the rates applicable for each of the countries have been used 
in the model. Details of the annual charges are shown in Appendix C. 
 
The costs in the model are based upon a number of sources including grid 
owners and operators, suppliers and regulators. It should be pointed out, 
however, that some of the data is incomplete as a number of grid companies 
were unwilling to provide data, for a number of reasons, including 
confidentiality of data. In some cases, therefore, where we have not been able 
to gather data, we have used our own judgement in order to provide 
illustrative results. 
 
One cost that is difficult to assess is that relating to authorisation procedures. 
Although, in some countries, the erection of towers is generally exempt from 
planning permission procedures in others approval can be a very lengthy and 
costly process. Examples include the planned completion of the 380kV ring in 
southern Austria and the interconnector upgrade between England and 
Scotland. For the purposes of this study, we have assumed that there no will 
be no significant complications or costs in the base case.
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5. Transmission Costs and Calculation of Network Charges 
 
 
Grid owners are in general allowed to recover with a reasonable rate of return, 
the costs involved in providing the assets that afford connection to the 
transmission system. These costs are usually recovered from customers by 
way of annual transmission charges although customers sometimes make a 
one-off contribution for connection to the electricity system. 
 
Network Charges 
 
Across many countries in Europe, there is a common design to the underlying 
structure of annual transmission tariffs, however the extent that charges are 
levied for entry into the system for generators (“G charges”), and exit from the 
system, which is allocated to customers (“L charges”), varies across the 17 
countries.  
 
The costs of construction that can be recovered are based upon an annual 
allowance for depreciation (in some countries the asset values are revalued 
each year by reference to an inflation index spread over the estimated life of 
the assets) and a return on capital. There is also an allowance for annual 
operating and maintenance costs (often subject to an efficiency factor).  
 
In some countries, the cost of network losses, cost of constraints, ancillary 
services and taxes, are also included in the capacity element of the 
transmission tariff. In other countries, these costs are included in either the 
energy element of the use of system tariff or in congestion management 
charges. Some countries including Italy, Spain and the Netherlands also 
include a charge for stranded costs whilst others such as Denmark, Germany, 
Italy and Portugal include charges relating to the promotion of renewable 
energy or Combined Heat and Power. 
 
The current allowable regulated returns on capital/assets and level of 
operating and maintenance costs (as a percentage of the gross asset value of 
transmission assets according to the most recent unbundled financial 
statements are summarized in the table below.  
 
 Return 

(percent) 
Nominal or 

real 
Pre or 

post tax 
O&M costs 
(percent) 

     
Denmark–Eltra/Elkraft 7.0 nominal pre 2.5/1.5 
Finland – Fingrid 6.0 real post 4.1 
France – RTE 6.5 nominal pre n/a 
Ireland  - ESBNG 6.5 real pre n/a 
Italy – Terna 5.6 nominal pre 4.6 
Netherlands - Tennet 5.8 nominal post 4.0 
Norway –Statnett 7.0 nominal pre 5.8 
Portugal – REN 9.0 nominal pre 1.7 
Spain – REE 5.25 nominal post 4.6 
Sweden  - Svenska K 7.0 nominal post 2.7 
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UK – National Grid 6.25 real pre 2.5 
n/a – These and other grid operators have not yet produced fully separated accounts for 
transmission ownership and system operation. 
O&M costs are expressed as a percentage of gross asset value as recorded in financial 
statements. 
 
Details of the network charge methodologies applied are shown below. 
 
Austria 
 
In Austria, the cost of providing transmission capacity is included in the 
system access charges to customers. The current system is not transparent 
and a key responsibility of the regulator (E-Control) is the critical review and 
management of system access charges. This includes identifying the grid 
costs on which system charges are based. E-Control is currently carrying out 
an assessment of charges and the main results are expected by the end of 
2002. 
 
Current tariffs are, however, based upon the recovery of operating expenses, 
depreciation and a return on equity equivalent to the average interest rate on 
bonds. 
 
Belgium 
 
The Belgian Government published rules setting out the general principles 
relating to the regulation of the transmission sector in Belgium in April 2001. 
The legality of this decree was challenged by Elia and is currently being 
renegotiated. There was also legal uncertainty over the status of Elia, which 
has only just been formally designated as the TSO. This has prevented the 
regulator, CREG, from exercising its full powers. There have been 
discussions regarding the appropriate return on capital for Elia and indications 
are that it will be in the range of 8-9 percent nominal pre-tax. 
 
Denmark 
 
In Denmark, income for the grid owners is subject to a revenue cap laid down 
by the Danish Energy Regulatory Authority. The current caps run for the 
period 2000-2003. They consist of:  
 

• an expense cap to cover operating costs of the 400kV grid and 
interconnectors. These are based on 1999 costs adjusted for inflation 
but subject to an efficiency factor; 

• depreciation and a 7 percent pre-tax return on assets; 
• the recovery of costs relating to certain activities including electrical 

safety and additional costs of upgrading the grid by means of 
underground cabling. 

 
Operating costs at Eltra and Elkraft in 2001 were approximately 2.5 percent 
and 1.5 percent of the GAV of transmission assets respectively. 
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Finland 
 
In Finland, transmission tariffs are set by Fingrid and reviewed by the Energy 
Market Authority for reasonableness. The current rate of return is 6 percent 
real post tax. Total operating and maintenance costs represented 4.1 percent 
of the GAV of transmission assets in 2001, although according to Fingrid, 
costs specific to the EHV network represented approximately 1.2 percent of 
the asset value. 
 
France 
 
In France, transmission tariffs used to be published periodically by EdF. With 
the introduction of third party access, this system was changed in 2002 and 
new tariffs based on recommendations of the regulator, CRE, have been 
published which will take effect in November 2002. 
 
The revenue ceiling allows RTE to self-finance its investments to the extent of 
Euro 76 million per year and to cover operating expenses, depreciation and a 
6.5 percent return on capital. 
 
Germany 
 
Transmission charges in Germany are not based on regulated third party 
access as in other EU Member States. They are based on negotiated 
agreements, the current agreement is known as “VV2 plus”. Customers have 
the right to ask the Federal Cartel Office to investigate complaints or the level 
of charges. 
 
In the absence of a defined methodology to calculate capital charges, a 
review was made of the running costs related to construction costs. 
 

Costs % of construction Overhead lines Cables 
maintenance 1.5 – 2.0 1.0 – 1.5 
operation 0.85 – 1.0 0.85 – 1.0 
other expenses  
including land tax 

0.5 – 1.0 0.5 – 1.0 

Total 2.85 – 4.0 2.35 – 3.5 

 
 
 
 
 
 
 
Ireland 
 
Connection charges are based upon an allowance for depreciation, a return 
on capital and the recovery of the efficient level of operating expenses. 
Depreciation is calculated over 40 years on the replacement value of the 
assets (which is based on the GAV adjusted by the Consumer Price Index on 
an annual basis and the return on capital is 6.5 percent real pre-tax). The 
efficiency level applied to operating costs varies between cost categories. 
Italy 
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In Italy, network charges are set to recover depreciation, operating expenses 
and a return on capital.  The return on capital is 5.6 percent nominal pre-tax. 
Operating expenses at Terna in 2001 represented approximately 4.6 percent 
of the GAV of the transmission assets.  
 
Netherlands 
 
In the Netherlands, the costs, which are determined in accordance with the 
standards and requirements of Office for Regulation (Dte), are based upon: 
 

• Standardised depreciation charges for each major component; 
• Return on capital (5.8 percent post-tax nominal for 2002 and 2003); 
• Operating and maintenance costs, which are benchmarked; 
• Costs of sourcing energy to cover grid losses, resolving transmission 

constraints and maintaining the voltage and reactive power balance. 
 
Operating expenses at Tennet in 2001 (excluding personnel costs) 
represented 2.3 percent of the GAV of the transmission assets. Total 
personnel costs add a further 1.7 percent, however, Tennet does not split its 
personnel costs between grid operation and transmission system services.  
 
Norway 
 
In Norway, the Norwegian Water Resources and Energy Directorate (NVE) 
adopted a regulation model for the network operations in 1997. Pursuant to 
this the energy utilities are not allowed to demand a higher price for the 
transmission of power than what will cover the investment and operating cost 
for the power lines, as well as a reasonable return on the invested capital. The 
rate of return is fixed annually by the regulator. 
 
The revenue ceiling for 2001 was based on actual costs in 1994/95 adjusted 
for inflation and an efficiency factor, which was 3.6 percent in 2001. The 
average return for 2001 was 8.3 percent and Statnett’s actual return was 9 
percent. Statnett’s financial objectives for 2002 are to produce a real return of 
6 percent on operating efficiency and a 7 percent return on capital on socio-
economic investments. 
 
Portugal 
 
In Portugal, transmission charges are set to provide a 3 percent allowance for 
depreciation, the recovery of operating and maintenance costs (which in 2001 
were 1.7 percent of the gross value of the transmission assets) and a 9 
percent pre-tax return on the book value of net assets (excluding land), 
although the fixed assets were revalued in 1992. 
 
Spain 
 
In Spain, remuneration of the transmission activity is stipulated in regulations 
and takes into account investment costs, operation and maintenance of 
installations and other necessary costs for the performance of the activity. 
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The rate of return on assets (set out in Royal Decree 2819/1998) was fixed for 
a period of four years. The rates for the period 1999 to 2002 are: 
  

• 1999: 5.25 percent 
• 2000: 3.94 percent 
• 2001: 5.38 percent 
• 2002: 5.25 percent 

 
Sweden 
 
In Sweden, network tariffs are required to be reasonable. Companies set their 
own prices but ex-post interventions by the regulator are allowed with 
disputes tried through the Courts. Svenska Krafnät is required to achieve an 
average return on equity of 7 percent post tax.  
 
In 2001, in Svenska Kraftnät’s accounts, costs associated with the 
maintenance and operations of the grid were approximately 2.7 percent of the 
GAV of the grid assets. 
 
United Kingdom (England & Wales) 
 
In the UK, the annual capacity charge for assets brought into use since 1990 
is based upon the following: 
 

• 2.5 percent (40 year depreciation) of the GAV indexed by a measure of 
the Consumer Price Index; 

• Return on capital (measured on mid year Net Asset Value), currently 
set at 6.25 percent real pre-tax; 

• Transmission Running Costs (e.g. taxes, operational costs and 
overheads attributed to connection assets). The cost factor is currently 
1.67 percent of GAV; 

• Site Specific Maintenance Charge. These are based on forecasts of 
site costs derived from a three-year rolling average of historic actual 
costs. This cost is then expressed as a percentage of GAV (usually 
between 0.5 to 1.3 percent). 

 
In National Grid’s regulatory accounts for the year to 31 March 2002, 
operating costs (excluding depreciation and balancing services costs) 
represented 2.5 percent of the GAV of transmission assets. 
 
In Greece, Luxembourg and Switzerland, these countries have not yet 
completed the unbundling of transmission and as such an unbundled 
transmission tariff (i.e. between capacity and energy) is not available. 
 

Unit Costs of constructing new transmission assets at 380kV in the EU, Norway and Switzerland 34



6. Calculation of Asset Values 
 
The methods used to calculate accounting values of transmission assets vary 
across the European countries. In a number of countries, the assets have 
been revalued often as part of the country’s electricity industry restructuring 
prior to the introduction of a liberalised market. Subsequent to any one-off 
revaluations, the initial gross asset value represents the initial total cost of an 
asset to a grid owner. In some countries, the GAV of an asset also takes into 
account an element for replacement or inflation and is re-valued each year. In 
some countries, standardised transmission costs are used. Similarly, the 
calculation of Net Asset Value (NAV) varies due to the use of differing 
depreciation rates/accounting lives. Methods used are summarised and 
discussed below. 
 
 

 Book 
Value 

 

Revaluation Annual 
CPI 

Uplift 

Asset 
lives 

(HV wires) 
years 

Austria    50 
Belgium   2001  40 
Denmark   2000 s  40 
Finland    40 
France  1977  30-50 
Germany    35 
Greece   2000  40 
Ireland   2000  40 
Italy    35 
Luxembourg    n/a 
Netherlands   1998  30 
Norway    40 
Portugal   1993  30 
Spain   1996 s  40 
Switzerland   1998  40-50 
Sweden    40 
UK (E&W)   1990  40 

s =  standardised costs used 
 
Austria 
 
The transmission assets of Verbund – APG are stated at cost less 
depreciation. For self-constructed plant and equipment, appropriate overhead 
expenses for materials and labour and interest are capitalised in addition to 
direct costs. 
 
Transmission lines are depreciated over 50 years. The asset lives of electrical 
plant facilities was increased from 20/25 years to 33 years in 2001.  The rights 
to use facilities are depreciated over 20 years. Assets that are used for more 
than 6 months during a year are depreciated at the full annual rate; those 
items that are used for less than 6 months are subject to a half-year rate. 
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Belgium 
 
The transmission lines in Belgium from 20kV to 380kV have been transferred 
to Elia. It was founded in June 2001 by CPTE, a cooperative venture set up 
by Electrabel, who own 91.5 percent of the company with the remaining 
shares owned by SPE. A new shareholding structure has been agreed 
whereby Belgian municipalities will own 30 percent of Elia, the present 
shareholders will retain a 30 percent share and the remaining 40 percent will 
be floated on the stock exchange. 
 
Elia has not produced any financial statements although the asset value on 
the transfer to Elia was Euro 3.26 billion. Within Electrabel’s consolidated 
financial statements, transmission assets are depreciated on a straight-line 
basis at the rates recommended by the Electricity and Gas Monitoring 
Committee. The rates for transmission lines and cables are between 25 to 40 
years. 
 
Denmark 
 
The transmission grid and substations owned by Eltra and Elkraft were 
revalued on 1 January 2000 according to standard prices approved and 
published by the Danish Energy Authority. Acquisitions after 1 January 2000 
are valued at cost less depreciation applied on the straight-line basis. The 
cost includes expenses relating to materials, components, subcontractors, 
direct labour as well as production overheads. Interest is capitalised on major 
construction projects. 
 
The transmission grid and AC substations are depreciated over 40 years and 
the DC lines and terminals are depreciated over 30 years. 
 
Finland 
 
Fixed assets are capitalised under immediate acquisition cost. Depreciation is 
based on the straight-line method from the month of introduction of the 
specific project. 400kV transmission lines and cables are depreciated over 40 
years, 220kV network assets over 30 years and aluminium towers over 20 
years. Expenses paid to use rights of way are amortised over 30 years. 
 
France 
 
France’s high voltage lines are recorded by RTE (a division of EDF) at 
acquisition cost less depreciation which is calculated on a straight-line basis. 
Assets acquired before 1977 were revalued as of 1 January 1977. 
Transmission systems and transformers are depreciated over the declining 
balance method. The useful life of the transmission assets is between 30 and 
50 years. 
 
Capitalised interest relating to transmission equipment under construction is 
deferred until the start of operations and then amortised over the useful life of 
the asset. 
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The accounting policies used for the preparation of EDF’s unbundled 
accounts are prepared in accordance with the principles of unbundling 
decided by the Electricity Regulatory Board (CRE) in February 2001. 
 
Germany 
 
The high voltage transmission assets in Germany are recorded in the financial 
statements of the four companies owning the assets. Transmission assets are 
recorded at historic cost less accumulated depreciation. Costs include own 
labour but exclude interest on loan capital. Depreciation rates are based on 
the minimum period of use accepted under fiscal legislation, which are less 
than the actual technical lifespan. The rates permissible under commercial 
law are 35 years for lines and cables and 20 years for transformers and 
switchgear.  
 
Greece 
 
The high voltage transmission assets are recorded in the financial statements 
of Public Power Corporation (PPC) at cost less accumulated depreciation. 
Assets constructed by PPC are added to plant and equipment at cost, which 
include direct technical payroll costs related to construction and applicable 
general overhead costs. The transmission lines and substations are 
depreciated over 40 years. 
 
PPC does not have a detailed fixed asset register to allow the determination 
of the historic cost of each asset. Assets are therefore revalued on a periodic 
basis. In accordance with Greek tax legislation, fixed assets are revalued 
every four years. This is only for land and buildings but as the revaluations 
have not been reflected in the financial statements as they do not comply with 
International Accounting Standard IAS 16. In July 2001, PPC engaged an 
independent appraiser to conduct a valuation of its fixed assets at 31 
December 2000. The revaluation surplus will be booked in the 2002 financial 
statements. 
 
At present PPC does not produce any unbundled accounts for its separate 
business activities. This will be introduced in 2002.  As such it is not possible 
at present to identify the value of the high voltage transmission assets. 
 
Ireland 
 
ESB National Grid values existing transmission assets using 30-year asset 
lives and applies straight-line depreciation for new assets using 3 percent 
straight line for 20 years and 2 percent for the following 20 years. 
 
The Commission for Energy Regulation (CER) has valued both existing 
assets and new assets on the same basis and has deemed a 40-year asset 
life to be appropriate for network assets (both existing and historic). The CER 
has also opted for a relatively simple method to calculate the regulatory 
depreciation, namely straight-line depreciation.   
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In calculating the regulatory asset base, the assets are valued at depreciated 
replacement cost. In calculating the Retail Price Index (RPI) index, the CER 
has assumed that new assets are added at the start of the year, and hence a 
full years indexation is applied before the first depreciation charge is taken at 
the end of the year. 
 
Italy 
 
Enel records the value of its transmission assets at purchase or production 
cost less contributions from customers, inclusive of any expenses incurred 
and of revaluations made pursuant to applicable regulations. 
 
Power lines are depreciated on a straight-line basis over 35 years, 
transformer stations over 20 years. 
  
Netherlands 
 
On its establishment in 1998, the tangible fixed assets were transferred to 
Tennet at the market value which, for the time being, has been set at their 
book value. 
 
Tennet records its fixed assets at an all-in acquisition cost less accumulated 
depreciation based on the straight-line method. High voltage lines have an 
estimated economic life of 30 years and high voltage substations an economic 
life of 20 years. Tennet does not own the land under the transmission pylons; 
they pay for the right to use the land. 
 
Norway 
 
Statnett records fixed assets at cost price less a deduction for ordinary 
depreciation write-downs. Ordinary depreciation is made from the time the 
asset was put into normal operation calculated on the basis of the useful life 
of the asset. The basis for determining the useful life is based upon 
recommendations from EBL’s publication “Depreciation in the Power Supply 
guidelines for the determination of transmission tariffs”. For electrical 
equipment, these rates vary between 16 and 40 years. 
 
Interest on construction loans associated with own plant is capitalised  
 
Portugal 
 
The fixed assets of Rede Eléctrica Nacional (REN) were revalued as of 31 
December 1993. Assets acquired or brought into service since then include 
finance charges and foreign exchange differences capitalised during the 
construction phase, as well as certain overheads. 
 
Depreciation is calculated on the straight-line basis at rates agreed with the 
tax authorities. These rates vary between 10 years for electrical equipment to 
30 years for transmission equipment.  
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Spain 
 
In Spain, Red Electrica de Espana (REE) revalued its tangible fixed assets in 
1996 as permitted by Royal Decrees 7 and 2607. Since then, the GAV of 
transmission assets includes direct costs related to the construction of assets 
including own labour and financial costs on external financing. The fixed 
infrastructure costs of facilities that entered into operation since 31 December 
1997 are determined from published standards. 
 
Depreciation rates on plant and equipment acquired by the grid company vary 
between 7 and 20 years and between 14 and 40 years on assets brought into 
service by the company. 
 
Sweden 
 
Fixed assets are recorded in Svenska Kraftnät’s accounts at acquisition cost 
less any external contributions less depreciation. Interest during construction 
is capitalised on major projects (e.g. SwePol Link).  
 
In 1995 a major review of the economic lifespan of the fixed assets was 
carried out. For the bulk of the lines, this entailed the economic lifespan being 
extended from 30 to 40 years. Other depreciation rates are marine cables 33 
years, with the exception of SwePol which is 20 years. For installations in 
service at 1 January 1995, depreciation is calculated by allocating the residual 
value at that date across the remaining lifespan. 
 
Land rights are recorded as an intangible fixed asset and recorded in the 
accounts at acquisition value. No depreciation or amortisation has been 
carried out to date. 
 
Switzerland 
 
High-level details of the EHV transmission assets in Switzerland are 
contained within the financial statements of the seven companies owning the 
assets. 
 
The general principle is that the assets are stated at cost less depreciation 
applied on the straight-line method. Costs include financing costs for long-
term investment projects. In 1998 a study commissioned by the Swiss Plant 
Directors’ Conference (SBDK) was carried out to assess the Swiss 
transmission network using uniform standards and in accordance with 
“allowed accounting treatment” described in International Accounting 
Standard 16. This led to a revaluation of transmission assets at some of the 
companies (e.g. EGL). 
 
The depreciation rates used by the companies are not, however, consistent. 
For example EGL depreciated transmission plant over 30-50 years, Atel uses 
depreciation periods of 15-40 years, BKW uses 20-40 years and NOK uses 
17-50 years. Rights of use over land are written down over the period of use, 
or at most the contract period, using the straight-line method. 
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United Kingdom 
 
National Grid plc uses historic cost accounting principles for the purposes of 
its consolidated accounts; however, current cost accounting principles are 
used for the accounts of The National Grid Company plc for submission to the 
regulator (OFGEM). Tangible fixed assets are included in these accounts at 
their value to the business, being current replacement cost less accumulated 
depreciation and after deducting capital contributions. 
 
In England & Wales, the GAV of National Grid’s transmission assets is re-
valued each year using one of two methods. Under the Modern Equivalent 
Asset (MEA) method, the GAV is indexed each year with reference to the 
prevailing price level for an asset which performs the same function as the 
original asset. In the RPI method, the original cost of an asset is indexed each 
year by an agreed formula. National Grid also incorporate an impairment 
provision which takes into account price control determinations by OFGEM. 
 
The NAV is calculated by using the average (mid year) GAV of the asset 
divided by a depreciation period of 40 years. The cross channel link is 
depreciated over 25 years. 
 
Connection assets in Great Britain are distinguished between pre and post 
vesting which took place in 1990. 
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7. Overview of the EHV networks across the 17 countries 
 
 
 380/400kV 380/400kV 380/400kV 220-

300kV 
220-

300kV 
Amounts in 
km 

Lines Cables-
land 

Cables-
submarine

Lines Cables 

Austria 2,474 56 - 3,765 5 
Belgium 1,476 - - 388 - 
Denmark 1,346 - 16 260 244 
Finland 3,793 34 99 2,400 - 
France 20,889 11 - 25,496 828 
Germany 18,869 62 423 19,000 35 
Greece 2,153 - - 7,745 116 
Ireland 438 - - 1,676 75 
Italy 9,761 53 316 12,557 165 
Luxembourg - - - 230 6 
Netherlands 2,003 - - 677 6 
Norway 2,144 - - 5,257 382 
Portugal 1,235 - - 2,588 11 
Spain  15,067 15 - 16,050 92 
Sweden 10,706 38 319 4,435 167 
Switzerland 1,597 - - 5,116 13 
UK (E&W) 10,052 132 327 3,615 425 
Total 104,003 401 1,500 111,255 2,570 
 
  
Austria 
 
Verbund’s Austrian Power Grid (APG) was created as a separate legal entity 
in 1999. It owns and operates the 380kV grid and most of the 220kV grid, with 
the exception of transmission grids in the Länder Tirol (TIRAG - Tiroler 
Regelzone AG) and Vorarlberg (VKW - Vorarlberger Kraftwerke AG, and VIW 
- Vorarlberger Illwerke AG).  
 
TIRAG’s system includes 401 km of 220kV lines and VKW’s network includes 
363 km of 220kV lines. 
 
Austria has a significant number of interconnections with other countries. The 
380kV interconnectors are with Germany (3,738 MVA), Hungary (1,514 MVA), 
Slovenia (3,028 MVA) and Switzerland (2,680 MVA). There is a 400kV link 
with the Czech Republic and also 220kV links with the Czech Republic, Italy, 
Germany, Hungary, Slovenia and Switzerland. Austria’s total cross-border 
interconnection ratio is approximately 20 percent of total capacity. 
 
Current investment priorities for APG are the completion of the 380kV ring in 
Austria particularly in the area between the south of Burgenland and the east 
of Styria. Discussions over the construction of the grid have been taking place 
for almost 20 years with around 30 local communities refusing to allow right-
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of-way for the line. The communities are arguing for an underground cable, 
however, APG contend that this is eight times costlier. 
 
Belgium 
 
The Belgian transmission network operated by Elia consists of 883 km of 
380kV overhead lines representing an electrical length of 1,476 km. There is 
also a 220kV network with an electrical length of 388 km, a 150kV network of 
3,717 km and a 70kV network of 3,024 km. Much of the 380kV network was 
designed in the 1970s to be able to transmit the capacity from 1,000 MW 
nuclear power stations and to connect the various national networks. There 
has been minimal new investment in new lines over recent years due to a 
government policies restricting construction of new 380kV lines. 
 
The 380kV network is connected to the Netherlands and France: 
 
Netherlands Zandvliet – Borssele     450 MVA 
  Zandvliet – Geertruidenberg 1,650 MVA  
  Meerhout – Maasbracht  1,420 MVA 
  Gramme – Maasbracht  1,350 MVA 
 
France Avelin – Avelgem   1,350 MVA 
  Lonny – Achene   1,350 MVA 
 
Denmark 
 
Denmark has two separate high voltage grid networks. The network in 
Western Denmark is operated and managed by Eltra, which is owned by 45 
distribution companies. In Eastern Denmark, Elkraft Transmission own the 
400kV grid and Elkraft System operate as TSO. 
 
The Western Denmark grid is part of the UCTE system with two 400kV and 
two 220kV links and a 150kV link into Germany. The Eltra network is also 
connected by DC sea cables to Norway and Sweden at 250kV. Recent 
investments have included a 400kV line between Aalborg and Arhus in North 
Jutland and another 400kV line in Southern Jutland connecting Vejen and 
Endrup. 
 
The Elkraft network is connected to Sweden via AC cables at voltages of 
400kV (two cables established in 1973 and 1985), 132kV (established 
between 1951 – 1964) and 60kV. The total capacity is around 1,900 MW. The 
Eastern Denmark grid is also connected to Germany by a 166 km 400kV DC 
cable with a capacity of 600MW. This was completed in 1995. 
 
A decision has also been made to connect the two systems. The capacity will 
be 300 MW and a 70 km 400kV underground cable (Green Belt) will be laid. It 
is expected to be operational by 2004. 
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The total length of the 400kV network in Denmark is 1,346 km and there is 
504 km of 220-300kV grid. The Elkraft system consists of 344 km of 400kV 
line and 195 km of 400kV cable. 
 
Finland 
 
Fingrid Oyj is the national grid operator in Finland. It started operations in 
September 1997 after the acquisition of the transmission assets of TVO and 
PVO and owns almost all of the main transmission grid and major 
interconnections. The 400kV network consists of 3,793 km of wires, 34 km of 
underground land cables and 99 km of submarine cable. The system operator 
in Finland is Fingrid System Oy. 
 
Finland has the following international interconnections at 400kV: 
 
Russia Yllikkälä – Viborg (2 lines)  1,000 MW 
Sweden Petäjäskoski  - Letsi  } 1,200 MW    
  Keminmaa – Svartbyn } 
  Raumo – Forsmark     550 MW 
 
There are also 110kV and 220kV interconnections with Sweden and a 200kV 
interconnection with Norway to allow imports of surplus Norwegian 
hydropower.  
  
Most of the Finnish national grid was built in the 1960s and 1970s and 
according to current maintenance plans, modernisation projects (such as 
replacing aluminium towers with steel) will account for an increasing portion of 
future investments. Recent new investments include the construction of a third 
400kV interconnector from Russia that will increase capacity to 1,400 MW. It 
is expected to be operational in 2003. A 400kV line between Keminmaa - 
Sellee and substation was also completed in 2002. 
 
France 
 
RTE (Gestionnaire du Réseau de Transport d’Electricité) was established in 
July 2000 as the Transmission System Operator (TSO) for France. They 
operate two sub-systems: a 400kV main transmission and interconnection 
network which is used for energy exchanges between the French regions and 
other countries, and a regional sub-transmission network with three voltage 
levels: 225kV, 90kV and 63kV. The total network made up of these high and 
extra high voltage lines is nearly 100,000 km long. 
 
There are 16 tie-in lines with other countries at 380kV: five with Switzerland, 
three with Italy and Germany, two with Belgium and Spain and one with the 
UK. 
 
Germany 
 
The structure of the German electricity industry is complex with over 900 
electricity companies, many of them small municipal utilities. The high voltage 
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grid, though, is now owned by four large integrated companies – E.ON Netz, 
RWE Net, EnBW Transportnetze, which are subsidiaries of the three largest 
German electricity companies and Vattenfall Europe AG, which controls HEW, 
BEWAG and VEAG. 
 
The E.ON power grid has a system length of over 37,000 km (which includes 
5,430 km at 380kV and 5,541 km at 220kV) across several of the German 
states stretching from the Alps to the border with Denmark. Their grid is 
interconnected with Austria at 200kV and 110kV, Denmark (380kV and 
220kV), the Netherlands (380kV) and the Czech Republic (380kV). 
 
E.ON also own two-thirds of the Baltic Cable (the other third is owned by 
Norwegian company Statkraft), a 250 km DC sea cable that was designed to 
transit a maximum capacity of 600 MW, but currently transmits between 375 
to 400 MW of capacity. 
 
The RWE power grid has a total system length of around 37,000 km mainly in 
western and southern Germany. The length of the 380kV network is 5,170 km 
and the 220kV is 7,353 km. The grid is interconnected with Austria (380kV 
and 220kV), Luxembourg (220kV), France (380kV and 220kV), the 
Netherlands (380kV) and Switzerland (380, 220 and 110kV).  
 
EnBW Transportnetze AG owns 1,787 km of 380kV line and 1,701 km of 
220kV line. The EnBW grid is interconnected with Austria (380kV), France 
(380kV and 220kV) and Switzerland (380kV and 220kV). 
 
VEAG is the high voltage grid operator in the five eastern states with 10,190 
km of power lines of which 6,270 km are 380kV and 3,920 km are 220kV. The 
grid is connected with Denmark (400kV cable) and Poland (380kV and 
220kV). 
 
HEW and BEWAG own and operate the power grids in Hamburg and Berlin 
respectively. The HEW 380kV grid has a circuit length of 360 km and the 
BEWAG grid has a circuit length of 55 km at 380kV and 24 km at 220kV. 
 
Greece 
 
Greece’s transmission network has until recently operated in isolation from 
the western European grid systems. The interconnected mainland 
transmission system consists of 400kV, 150kV and 66kV lines and is linked to 
neighbouring Albania, Bulgaria and the former Yugoslavia through lines of 
400kV and 150kV. The high voltage grid consists of around 11,000 km of 
power lines and is owned and operated by the government owned PPC. 
 
Much of the generation capacity is in the north of the country with the majority 
of customers in the south.  
 
There is a new DC 400kV line (Galatina-Arachthos) that links Greece with 
Italy. The line consists of 160 km of sea cable, 40 km of land cable and 110 
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km of overhead lines. It has a nominal capacity of 500 MW and PPC has a 25 
percent stake in the line.  
 
The grid assets are owned by Public Power Corporation and Hellenic 
Electricity Transmission Operator (HTSO) was established in December 2000 
as the system operator. 
 
Ireland 
 
Responsibility for system operation of Ireland’s electricity transmission 
network is being handed over from ESB National Grid (ESBNG) to Eirgrid plc, 
which will operate as an independent TSO. ESBNG will continue to own the 
grid. 
 
The national grid comprises over 5,800 km of high and medium voltage lines 
and cables. There are two 400kV lines that are used to carry power from the 
915 MW Moneypoint coal fired plant in the Shannon Estuary to Dublin. The 
last of these lines was constructed in the mid 1980’s and there are currently 
no plans to extend the 400kV network. There is, however, a Euro 2.7 billion 
investment plan to reinforce and enhance the network at voltages of 275kV 
and below.  
 
Italy 
 
Gestore della Rete di Trasmissione Nazionale (GRTN) is the state owned 
Italian TSO, and started operating in 1999. However 94 percent of the EHV 
transmission network belongs to Terna (a wholly owned subsidiary of ENEL). 
The remaining 6 percent is owned by municipalities and others.  It is likely that 
ownership of the national grid will also be soon allocated to GRTN. 
 
The Italian network consists of 9,761 km of 380kV lines (100 percent owned 
by Terna), 12,557 km of 220kV lines and 20,332 km of 150/132kV lines. 
According to the GRTN’s grid development plan, around 2,000 km of 380kV 
new lines should be installed by 2004. 
 
Italy has currently an interconnection capacity of 6,000 MW with neighbouring 
countries: 2,600 MW with France, 2,800 MW with Switzerland, 220 MW with 
Austria and 280 MW with Slovenia. The 380 kV interconnectors are: 
 
France Villarodin – Venaus      879 MVA 
  Albertville – Rondissone 1  1,150 MVA 
  Albertville – Rondissone 2  1,150 MVA 
 
Switzerland Soazza – Bulciago     886 MVA 
  Lavorgo – Musignano    118 MVA 
 
Slovenia Redipuglia - Divaca   1,712 MVA 
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A new DC 400kV line (Galatina-Arachthos) linking Italy and Greece came into 
service in July 2002. This line/cable is 75 percent owned by Terna with the 
remainder belonging to PPC, the Greek utility. 
 
Luxembourg 
 
Cegedel generates, transmits and distributes electricity in Luxembourg. 
Luxembourg imports over 90 percent of its electricity through two 
unconnected grids. One grid is owned by Sotel, which acts as the electricity 
importer and distributor for the steel industry and railways. The electricity is 
imported from Belgium through a 220kV line and two 115kV lines running via 
Aubanche. 
 
The second grid is operated by Cegedel and supplies Luxembourg’s public 
network. Power is imported from Germany via a double 220kV line running 
from Heisdorf to Treves and by a line between Flebour-Vianden-Bauler 
commissioned in 1987. There are no 380kV lines at present. Luxembourg’s 
220kV network measures around 236 km of which 6 km is underground cable. 
 
Netherlands 
 
Tennet was appointed the Dutch national grid operator in October 1998. The 
380kV circuit length is approximately 2,000 km and there has been only 
minimal investment in extending the network over the past 5 years (19 km line 
from Krimpen – Bleiswijk in 1999). Connective capacity has, however, 
increased from 12,600 MVA in 1997 to 14,600 MVA in 2001 by 
commissioning additional transformer substations. The 220kV network 
measures 683 km and has a capacity of 4,810 MVA. 
 
There are 10 cross border links:  
 
Belgium  Borssele – Zandvliet    450 MVA 
   Geertruidenberg – Zandvliet 1645 MVA 
   Maasbracht – Meerhout  1420 MVA 
   Maasbracht – Gramme  1350 MVA 
 
Germany  Meeden – Conneforde  1370 MVA 
   Meeden – Diele   1370 MVA 
   Hengelo – Gronau (2 circuits) 1425 MVA 
   Maasbracht – Siersdorf  1710 MVA 
   Maasbracht – Rommerskirchen 1710 MVA 
 
Tennet’s capacity plan for 2001-2007 lists the construction of a 380kV link 
between the provinces of North and South Holland which will provide a new 
orbital connection from Diemen via Oostzaan and Beverwijk to Zoetermeer.
  
 
Norway 
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Statnett is the Transmission System Operator in Norway and owns 
approximately 87 percent of the main grid in Norway. The rest of the high 
voltage grid is owned by regional companies and generators and Statnett has 
a leasing agreement with these companies. The 400kV network operates at 
420kV and is approximately 2,144 km in length. Interconnections exist with 
Denmark, Finland, Sweden and Russia. Those at 400kV are: 
 
Sweden  Ofoten – Ritsem  1,350 MW 
   Halse – Borgvik         } 2,000 MW 
   Halden – Skogssäter } 
 
The link with Denmark is three DC cables with a capacity of 1,000 MW. 
 
The largest part of Norway’s EHV network links the hydro generating plants in 
the north of the country with the more populated areas in the south and west. 
To avoid serious problems in dry years, Statnett is looking to strengthen 
interconnections with its neighbours in the Nordic market and by upgrading 
some of its 300kV lines to 420kV. 
 
Statnett is also planning to develop new subsea cables links the Netherlands 
and the UK, although Statnett (with Stakraft and E.ON) decided to terminate 
their discussions to construct the planned Viking Cable between Norway and 
Germany.  
 
Portugal 
 
Rede Eléctrica Nacional (REN) is the grid owner and TSO for Portugal. It is 70 
percent owned by the government and 30 percent owned by Electricidade de 
Portugal.  
 
The network consists of 1,235 km of 400kV line, approximately 2,500 km of 
220kV network of which 11 km is cable and 2,329 km of 150kV line. 
 
The network is connected to the Spanish network by two 380kV lines (Alto 
Lindoso – Cartelle and Falagueora – Cedillo) with a combined capacity of 
around 2,000 MVA and three 220kV lines with a combined capacity of 1,020 
MVA. There is also a 132kV connection. 
 
Spain 
 
Red Electrica de Espana (REE) is the grid owner and TSO for Spain and was 
established in 1985. It owns 95 percent of the 400kV network and about 30 
percent of the 220kV network. The Spanish grid network has expanded 
rapidly in recent years and REE currently has some 1,800 km of 400kV lines 
under construction. In addition to the interconnections with Portugal noted 
above, Spain has the following 400kV interconnections with France: 
 
  Hernani – Cantegrit  1,270 MVA 
  Vic – Baixas   1,650 MVA 
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There are also two 220kV circuits with a capacity of 750 MVA and three small 
connections. Spain also has a 300 MW 400kV DC cable link with Morocco. 
 
REE are considering a new 400kV line with a capacity of 1,200 MW in the 
Eastern Pyrenees and an evaluation has been carried out into a Tunisia-Libya 
interconnection and reinforcement of the interconnector with Morocco.  
 
Other sections of the high voltage network in Spain are owned by Endesa, 
Iberdrola and Union Fenosa. Iberdrola have announced the sale of their EHV 
network to CVC Capital Partners. This transaction covers 226 km of 400kV 
line and 4,538 km of 220kV line and Iberdrola will operate and maintain the 
network for a 35-year period. Endesa’s electricity network includes 
approximately 27,000 km of high voltage lines. 
 
Sweden 
 
Svenska Kraftnät is the TSO in Sweden and started operations in 1991. The 
Swedish network consists of some 11,000 km of 400kV lines principally 
running north to south.   
 
Sweden has extensive interconnections with neighbouring countries. Those at 
400kV are: 
 
Denmark  Söderåsen – Hovegård 2 lines    800 MW 
 
Finland  Letsi – Petäjäskoski  } 1,200MW 
   Svartbyn – Keminmaa } 
 
Germany  Västra Kärrstorp - Herrenwyk    600 MW 
 
Norway  Ritsem – Ofoten   1,350 MW 
   Borgvik – Hasle  } 2,000 MW 
   Skogssäter – Halden } 
 
Poland  Stärnö – Slupsk      600 MW 
 
Switzerland 
 
The high voltage grid consists of some 1,600 km of 400kV lines and 
approximately 5,000 km of 220kV lines and is managed by seven integrated 
companies: Atel Netz, BKW-FMB and EOS form the ‘western group’ and 
CKW, EGL Grid, EWZ and NOK form the ‘eastern group’. In 1999 the 
companies established ETRANS whose principal role is to coordinate the 
power transmission between the grids.  
 
Atel controls close to 17 percent of the Swiss transmission grid and over 42 
percent of transmission line capacity from Switzerland to Italy. It owns 260 km 
of lines and cables and three substations on the 380kV network, with a further 
580 km and 10 substations with partners. They also own 326 km and 10 
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installations on the 220kV network, with a further 670 km and 25 installations 
with partners. 
 
CKW’s extra high voltage network consists of 865 km of 380kV and 220kV 
overhead lines. There are five substations on this network with a total of 2,680 
MVA, and 2,536 transformer stations with a total of 827 MVA.  
 
All BKW network installations operate with a voltage of 220kV or 380kV were 
transferred to the new subsidiary, BKW Übertragungsnetz AG. 
 
EGL Laufenburg established EGL Grid AG to incorporate its high-voltage 
network of power lines and switchyards. 
 
EOS’s network of 154 km of 380kV lines and 1,238 km of 220kV lines has 
been transferred to Teos (Transport d’énergie ouest Suisse). 
 
NOK is the largest cross-country transmission company and owns a network 
consisting of 871 km of 380kV overhead lines, 790 km of 220kV overhead 
lines and 13 km of 220kV underground cables. 
 
Switzerland has the following interconnections: 
 
Austria  380kV x 2    2,680 MVA 
   220kV x 2       501 MVA 
 
France  380kV x 5    1,608 MVA 
   220kV x 5    1,367 MVA 
 
Germany  380kV x 7  10,805 MVA 
   220kV x 5    2,113 MVA 
 
Italy   380kV x 2    1,004 MVA     
   220kV x 6    1,608 MVA 
 
There are also five interconnectors at smaller voltage levels. 
 
United Kingdom 
 
There are four transmission systems in the UK, each separately owned and 
operated. The largest system is owned and operated by National Grid in 
England & Wales. Scottish Power owns and operates the system in the south 
of Scotland and Scottish and Southern Energy own and operate the system in 
the north of Scotland. The fourth is the transmission system operated by 
Northern Ireland Electricity. 
 
National Grid’s transmission system operates at 400kV and 275kV and has an 
electrical circuit length of approximately 10,400 km of 400kV lines, 3,615 km 
of 275kV line, 132 km of 400kV underground cable and 425km of 275kV cable 
in England & Wales. Most of the 275kV network was constructed in the 1950s 
and 1960s with the 400kV network being constructed in the 1970s. There is 
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an interconnector with Scotland that has a capacity of 1,600 MW and also 
operates at 400kV. The interconnector is currently being strengthened by the 
construction of a 75 km line (5.7 km underground) in North Yorkshire. Once 
completed the interconnector will be upgraded to 2,200 MW. 
 
National Grid’s network is connected to France via a 270kV dual line with a 
capacity of 2,000 MW. A 500 MW interconnector has recently been completed 
to link Northern Ireland with Scotland. 
 
The transmission systems in Scotland and Northern Ireland operate 
principally at voltages of 275kV and 132kV. 
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Appendix A   Sources of Information 
 
 
The main sources of information that have been used in the realization of this 
study were: 
 

• Web-sites (see below) and Annual Reports of the Transmission 
Owners and Transmission System Operators; 

 
• Web-sites and Reports issued by electricity regulators; 

 
• Direct contact with Transmission Owners, Regulators, Trade 

Associations and Equipment Suppliers; 
 

• ETSO report “Identification of the Horizontal Network and Cost Related 
Infrastructure and Losses”, March 2000; 

 
• “Analysis of Electricity Network Capacities and Identification of 

Congestion”, Institute of Power Systems and Power Economics of 
Aachen University of Technology (IAEW) and Consentec Consulting, 
December 2001; 

 
• “Benchmarking of Electricity Transmission Tariffs”. Report prepared for 

DG TREN by Comillas Madrid, February 2002. 
 

• “Transmission Planning for a Restructuring U.S. Electricity Industry. 
Report prepared by Hirst and Kirby for Edison Electric Institute, June 
2001; 

 
• Upgrading Transmission Capacity for Wholesale Electric Power Trade, 

U.S. Department of Energy. 
 
Website links 
 
General 
 
Council of European Energy Regulators www.ceer.org 
ETSO      www.etso-net.org 
UCTE      www.ucte.org 
NORDEL     www.nordel.org 
International Council on Large Electric Systems www.cigre.org 
U.S. Department of Energy  www.eia.doe.gov 
 
 
Austria 
 
Verbund-Austrian PowerGrid  www.apg.at 
Powergrid-Tiroler Wasserkraftwerke www.powergrid.at 
Tiwag      www.tiwag.at 
Voralberger Kraftewerke   www.vkw.at 
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E-Control     www.e-control.at 
 
Belgium 
 
ELIA      www.elia.be 
CREG      www.creg.be 
 
Denmark 
 
Eltra      www.eltra.dk 
Elkraft System    www.elkraft-system.dk 
Elkraft Transmission   www.elkraft-transmisssion.dk 
Konkurrencestyrelsen   www.ks.dk 
 
Finland 
 
Finland System Oy    www.fingrid.fi 
Energy Market Authority   www.energiamarkkinavirasto.fi 
 
France 
 
RTE      www.rte-france.com 
Commission de Régulation de L’Electricité www.cre.fr 
 
Germany 
 
BEWAG     www.bewag.com 
DVG      www.dvg-heidelberg.de 
EnBW      www.enbw.com 
E.ON Netz     www.eon-netz.com 
HEW      www.hew.de 
RWE Net     www.rwenet.com 
VEAG      www.veag.de 
 
Greece 
 
PPC      www.ppc.gr 
Regulatory Authority for Energy  www.rae.gr 
 
Ireland 
 
ESB National Grid    www.eirgrid.ie 
Commission for Electricity Regulation www.cer.ie 
 
Italy 
 
GRTN      www.grtn.it 
TERNA     www.enel-it/it/terna 
Autorita per l’energia electrica e il gas www.autorita.energia.it 
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Luxembourg 
 
Cegedel     www.cegedel.lu 
Institut Luxembourgeois de Régulation www.etat.lu/ilr 
 
Netherlands 
 
Dte      www.nma-dte.nl 
Tennet     www.tennet.org 
 
Norway 
 
Statnett     www.statnett.no 
Water Resources & Energy Directorate www.nve.no 
 
Portugal 
 
REN      www.ren.pt 
Entidade Reguladora do Sector Electricol www.erse.pt 
 
Spain 
 
REE      www.ree.es 
Comisión Nacionalde Energia  www.cne.es 
 
Sweden 
 
Svenska Kraftnät    www.svk.se 
Swedish National Energy Administration www.stem.se 
 
Switzerland 
 
Atel      www.atel.ch 
BKW-FMB Energie    www.bkw.ch 
CKW      www.ckw.ch 
EGL      www.egl.ch 
EOS      www.eos-gd.ch 
ETRANS     www.etrans.ch 
EWZ      www.ewz.ch 
NOK      www.nok.ch 
 
United Kingdom 
 
National Grid     www.nationalgrid.com 
Office of Gas & Electricity Markets www.ofgem.gov.uk 
Northern Ireland Electricity   www.nie.co.uk 
Scottish Power    www.scottishpower.com 
Scottish & Southern Energy  www.scottish-southern.co.uk 
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Appendix B   Glossary 
 
 
 
Alternating current Electric current that reverses in direction and fluctuates in 

voltage requiring mechanisms to stabilize both voltage 
and frequency. 

 
Busbar The physical point in an electric system at which power is 

available for transmission. A busbar could be either a 
single conductor or a group of conductors that connect 
two or more circuits. 

 
CEER Council of European Energy Regulators. 
 
Conductor Wire strung between towers, used for transmitting 

electricity. 
 
Connection The physical interface between two electric systems that 

permit the transfer of electricity. Connection facilities 
could be transmission lines, transformers, switchgear, 
etc. 

 
Connection charge One off charge to a generator or very large load. 
 
Damper Metal device fixed to insulators to avoid conductor 

damage in windy conditions. 
 
Direct Current  Electric current that flows in one direction with little or no 

voltage fluctuation. 
 
Earthwire Wire strung between the tops of towers used for lightning 

and system protection.  
 
EHV Extra high voltage (i.e. 220/380/400kV networks) 
 
ETSO European Transmission System Operators Association. 
 
GAV Gross asset value  
 
Grid A synchronized transmission network that delivers 

electricity from generating stations to local distributors 
and other users at high voltage. 

 
Horizontal network Interconnections, lines and transmission sub-stations at 

voltages of 380kV and above.  
 
Insulator porcelain glass discs used to attach the conductors to the 

towers preventing electrical discharge to the steelwork. 
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Loop flows Electricity flow running uncontrolled through the system. 
 
Nordel Association of Nordic TSOs. 
 
Reactive power The portion of electricity that establishes and sustains 

magnetic fields of alternating current equipment. Reactive 
power must be supplied to most types of magnetic 
equipment such as transformers. 

 
System operator The entity responsible for monitoring and controlling the 

electricity system. 
 
Transmission charge Annual use of system charge. 
 
TSO Transmission System Operator. 
 
UCTE Union for the Coordination of Transport of Electricity. 
 
Use of system charge Charges which cover the costs of shared assets that all 

users derive some, but not necessarily equal, benefit 
from. 

 
VAR Measure of reactive power. 
 
Vertical network Access of generation and load onto the transmission 

network. 
 
Wayleave Agreement granted by the landowner to the transmission 

company to permit the installation of equipment on, over 
or under the land in return for annual payments. 
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Appendix C  
  

Unit Costs (€/km) – Results from bottom up model 
 
 
 

 
kd  

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Brea own Base Case Austria Belgium Denmark Finland France Germany Greece Italy
Conductors 48,000
Towers 42,000
Insulators 8,000
Clamps 12,000
Labour 96,000
Right of way 25,000
Engineering 20,000

251,000
301,200
376,500

Flat land 401,600 720,000 468,800 394,060 269,700 600,000 595,000 224,000 464,100
Medium mountain 481,920 864,000 562,560 720,000 696,150 235,200 580,125
High mountain 602,400 1,080,000 703,200 900,000 892,500 291,200 696,150

168,170
201,804
252,255

Flat land 269,072 482,400 314,096 190,960 402,000 453,600 199,563
Medium mountain 322,886 578,880 376,915 482,400 530,712 249,454
High mountain 403,608 723,600 471,144 603,000 680,400 299,345
Medium scenario (x 5) 1,255,000 2,250,000 1,465,000 1,615,000 775,000 1,875,000 2,250,000 700,000 1,365,000
High scenario (x 8) 2,008,000 3,600,000 2,344,000 2,584,000 1,240,000 3,000,000 3,600,000 1,120,000 2,184,000400 kV  DC underground cable

Double 380 kV overhead line

Double 220 kV overhead line

Flat land 450,000 293,000 323,000 155,000 375,000 450,000 140,000 273,000
Medium mountain 540,000 351,600 450,000 526,500 147,000 341,250
High mountain 675,000 439,500 562,500 675,000 182,000 409,500

Flat land 301,500 196,310 85,250 251,250 283,500 117,390
Medium mountain 361,800 235,572 301,500 331,695 146,738
High mountain 452,250 294,465 376,875 425,250 176,085

Single 380 kV overhead line 

Single 220 kV overhead line
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Unit Costs (€/km) – Results from bottom up model 
 
 
 
 
 
 

Breakdown Base Case Luxembourg Netherlands Norway Portugal Spain Sweden Switzerland UK
Conductors 48,000
Towers 42,000
Insulators 8,000
Clamps 12,000
Labour 96,000
Right of way 25,000
Engineering 20,000

251,000
301,200
376,500

Flat land 401,600 475,200 400,000 273,677 332,216 190,000 772,427 781,440
Medium mountain 481,920 480,000 301,045 398,659 228,000 911,464 937728
High mountain 602,400 600,000 355,780 498,324 285,000 1,166,365 1,172,160

168,170
201,804
252,255

Flat land 269,072 375,040 318,384 308,000 183,364 196,007 128,000 579,071 625,152
Medium mountain 322,886 450,048 369,600 201,700 235,209 153,600 700,676 750,182
High mountain 403,608 562,560 462,000 238,373 294,011 192,000 909,142 937,728
Medium scenario (x 5) 1,255,000 1,485,000 1,250,000 839,500 1,038,175 593,750 2,491,700 2,640,000
High scenario (x 8) 2,008,000 2,376,000 2,000,000 1,343,200 1,661,080 950,000 3,986,720 4,224,000400 kV  DC underground cable

Double 380 kV overhead line

Double 220 kV overhead line

Flat land 297,000 250,000 167,900 207,635 498,340 528,000
Medium mountain 300,000 184,690 249,162 583,058 633,600
High mountain 375,000 218,270 311,453 747,510 792,000

Flat land 234,400 198,990 137,500 112,493 122,505 80,000 413,622 422,400
Medium mountain 281,280 165,000 123,742 147,006 96,000 496,347 506,880
High mountain 351,600 206,250 146,241 183,757 120,000 661,796 633,600

Single 380 kV overhead line 

Single 220 kV overhead line
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APPENDIX C
Unit cost - Double circuit 380 kV - flat land

0

200,000

400,000

600,000

800,000

UK
Switz

erl
an

d

Aus
tria

Fran
ce

Germ
an

y
Neth

erl
an

ds

Belg
ium Ita

ly
Bas

e C
as

e

Norw
ay

Den
mark

Spa
in

Port
ug

al

Finl
an

d

Gree
ce

Swed
en

 
Eu

ro
/k

m

 

 
 



 
Appendix C 

 
 

Comments 
 
 

We have assumed there is no cost differentiation between lines at 380, 400 
and 420 kV. 
 
Belgium: no new 380 kV lines have been built in the last ten years. 
 
Denmark: figures are  only for flat land. We decided to use the unit costs from 
Elkraft (Eastern Denmark), because those from Eltra are based on much 
higher capacities. There are no 220 kV lines.  
 
Finland: figures are only for flat land.  
 
Greece: there are no 220 kV lines. Instead Greece has 150 kV lines. 
 
Ireland: no 400 kV lines have been built in the last fifteen years. 
 
Luxembourg: there are only 220 kV lines. 
 
Netherlands: figures are only for flat land. 
 
Sweden: there is no single circuit at 400 kV. 
 
UK: as there are no 220 kV lines, we have assumed similar costs for 275 kV 
lines.  
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Annual capital charge (€/km) – Results from bottom up model 
 
 
 

 
 

Breakdown Base Case Austria Belgium Denmark Finland France Germany Greece Italy
Depreciation 2.50% 2.00% 2.50% 2.50% 2.50% 2.00% 2.86% 2.50% 2.86%
O & M 2.50% 2.50% 2.50% 2.50% 4.10% 2.50% 2.50% 2.50% 4.60%
Return on capital (nominal, pre-tax) 6.50% 6.50% 8.50% 7.00% 6.00% 6.50% 6.50% 6.50% 5.60%

28,865
34,638
43,298

Flat land 46,184 79,200 63,288 47,287 33,982 66,000 70,567 25,760 60,611
Medium mountain 55,421 95,040 75,946 79,200 82,563 27,048 75,764
High mountain 69,276 118,800 94,932 99,000 105,851 33,488 90,917

19,340
23,207
29,009

Flat land 30,943 53,064 42,403 24,061 44,220 53,797 26,063
Medium mountain 37,132 63,677 50,884 53,064 62,942 32,579
High mountain 46,415 79,596 63,604 66,330 80,695 39,094
Medium scenario (x 5) 154,365
High scenario (x 8) 246,984400 kV  DC underground cable

Double 380 kV overhead line

Double 220 kV overhead line

Flat land 49,500 39,555 38,760 19,530 41,250 53,370 16,100 35,654
Medium mountain 59,400 47,466 49,500 62,443 16,905 44,567
High mountain 74,250 59,333 61,875 80,055 20,930 53,481

Flat land 33,165 26,502 10,742 27,638 33,623 15,331
Medium mountain 39,798 31,802 33,165 39,339 19,164
High mountain 49,748 39,753 41,456 50,435 22,997

Single 380 kV overhead line 

Single 220 kV overhead line
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Annual capital charge (€/km) – Results from bottom up model 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Breakdown Base Case Luxembourg Netherlands Norway Portugal Spain Sweden Switzerland UK
Conductors 2.50% 2.50% 3.30% 2.50% 3.30% 2.50% 2.50% 2.00% 2.50%
Towers 2.50% 2.50% 4.00% 5.80% 1.70% 4.60% 2.70% 2.50% 2.50%
Insulators 6.50% 6.50% 5.80% 7.00% 9.00% 5.25% 7.00% 6.50% 6.25%

28,865
34,638
43,298

Flat land 46,184 62,251 61,200 38,315 41,029 23,180 84,967 87,912
Medium mountain 55,421 73,440 42,146 49,234 27,816 100,261 105494.4
High mountain 69,276 91,800 49,809 61,543 34,770 128,300 131,868

19,340
23,207
29,009

Flat land 30,943 43,130 41,708 47,124 25,671 24,207 15,616 63,698 70,330
Medium mountain 37,132 51,756 56,549 28,238 29,048 18,739 77,074 84,396
High mountain 46,415 64,694 70,686 33,372 36,310 23,424 100,006 105,494
Medium scenario (x 5) 154,365
High scenario (x 8) 246,984400 kV  DC un

Double 380 kV

Double 220 kV

Flat land 38,907 38,250 23,506 25,643 54,817 59,400
Medium mountain 45,900 25,857 30,772 64,136 71,280
High mountain 57,375 30,558 38,464 82,226 89,100

Flat land 26,956 26,068 21,038 15,749 15,129 9,760 45,498 47,520
Medium mountain 32,347 25,245 17,324 18,155 11,712 54,598 57,024
High mountain 40,434 31,556 20,474 22,694 14,640 72,798 71,280

Single 380 kV

Single 220 kV
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Annual capital charge - Double circuit 380 kV - flat land
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Appendix C 
 
 

Comments 
 
 

When it was not possible to know the actual rates, we used those from our 
base case: 2.5% for depreciation, 2.5% for O&M and 6.5% for return on 
capital (nominal, pre-tax). 
 
Finland: the return on capital is real and post-tax. 
 
France: the depreciation period is 30-50 years; 2% rate has been used. 
 
Ireland: the return on capital is real. 
 
Netherlands: the return on capital is post-tax. 
 
Sweden: the return on capital is post-tax. 
 
Switzerland: the depreciation period is 40-50 years; 2% rate has been used. 
 
UK:  the return on capital is real. 
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