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Abstract 

European renewable energy policy not only develops into a game-changer in 

electricity market economics but also imposes new challenges on the regulation of 

electricity infrastructures. Remoteness of renewable energy potentials to load 

centres, as is the case for offshore wind and large parts of onshore wind, growing 

shares of distributed generation and an increasing requirement to balance variable 

generation over a wider geographical area drastically push the investment need into 

today’s electricity grids.  

Rules for the attribution of costs for grid extensions and upgrades induced by the 

interconnection of power plants utilising renewable energy sources need to account 

for the overall efficiency of the power system as well as the cost effectiveness of 

support. At the same time, regulated grid operators need to be provided adequate 

investment incentives in order that respective investments materialize. 

In this thesis, different approaches for the consideration of costs induced by the 

integration of electricity generation from renewable energy sources in the regulation 

of electricity grids, such as the application of geographically differentiated grid 

charges, locational signals, are explored.  

On the example of offshore wind in the UK the effect of different attribution 

mechanisms of offshore transmission costs on the cost-effectiveness of support is 

analysed: The major result of this investigation is that an attribution of grid connection 

costs to grid operators – as against to generators – leads to a smaller aggregate 

producer surplus and, hence, to lower transfer costs to be borne by electricity 

consumers. It is expected that lower capital costs evidenced by regulated offshore 

transmission operators contribute to these savings. 

Finally, main barriers for the grid-integration of electricity from renewable energies as 

observed by key stakeholders are identified and policy recommendations are 

derived, which are targeted at overcoming these barriers. 

The policy goal of increasing the share of renewable electricity generation is pursued 

by means of market intervention. As a result of this thesis, it is suggested to extend 

such intervention to the design of electricity infrastructure regulation in order that 

these policy goals are supported and cost-effectiveness is maintained.  
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Kurzfassung 

Die Europäische Erneuerbare-Energien-Politik beeinflusst nicht nur die Europäischen 

Strommärkte, sondern stellt auch die Regulierung der Stromnetze vor neue 

Herausforderungen: Zunehmende Stromproduktion in peripheren Regionen, wie 

etwa aus Windkraft onshore und offshore, eine Vervielfachung der 

Erzeugungseinheiten im Verteilnetz, hervorgerufen vor allem durch die Installation 

von Photovoltaikanlagen, sowie steigende Anforderungen im Netzbetrieb 

verursachen einen immensen Investitionsbedarf in die bestehende Netzinfrastruktur. 

Regulatorische Vorgaben zur Aufteilung dieser zusätzlichen Kosten für 

Netzerweiterungen und Netzverstärkungen müssen Anreize für die Effizienz in der 

Weiterentwicklung des Stromversorgungssystems, für die Wirtschaftlichkeit von 

Förderinstrumenten, sowie die Investitionsbereitschaft von Netzbetreibern sichern.  

In dieser Arbeit werden unterschiedliche Regulierungsansätze vorgestellt, welche die 

Zusatzkosten der Integration von Erneuerbaren-Energien – etwa in Form von 

standortabhängigen Netztarifen – reflektieren.  

Anhand einer Fallstudie des Britischen Offshore-Windkraft-Ausbauprogrammes wird 

die Auswirkung einer unterschiedlichen Zuordnung der Netzanschlusskosten – 

entweder zum Projektentwickler oder zum Netzbetreiber – auf die Kosteneffizienz der 

Förderung dieses Ausbaus untersucht. Liegt die Verantwortlichkeit für die Offhore-

Anbindung beim regulierten Netzbetreiber, ist aus der Sicht der Stromkonsumenten 

mit Kosteneinsparungen zu rechnen, welche sich aus einer niedrigeren 

Produzentenrente und niedrigeren Kapitalkosten ergeben. 

Schließlich werden regulatorische Hindernisse der Netzintegration Erneuerbarer-

Energien aus dem Blickwinkel der relevanten Akteure aufgezeigt und Empfehlungen 

für deren Beseitigung abgeleitet. 

Die Europäische Energiepolitik bedient sich zur Förderung erneuerbarer Energien 

des Mittels der Marktintervention. Für die Vermeidung von Zielkonflikten mit dieser 

Politik und für die Steigerung ihrer Kosteneffizienz sind jedoch auch Eingriffe in den 

bestehenden Regulierungsrahmen notwendig. 
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1 Introduction 

1.1 Motivation 

Electricity generation from renewable energy sources dates back to the beginning of 

commercial utilisation of electricity: During the last three decades of the 19th century 

the first hydro power plants – together with thermal power plants on the basis of coal-

fired steam engines – have been installed to supply direct current for industrial 

applications, public lighting and later to household customers (Haas, 2002). 

Substituting torque from mechanical water mills, many hydro power plants supplied a 

local demand of customers, which located their facilities in the vicinity of the natural 

resource. Due to high transmission losses of direct current electricity grids, rather 

coal than electricity used to be transported to load centres, which could not be 

supplied by local hydro sources. In the first half of the 20th century already, advanced 

(AC-) transmission technology allowed for the generation of electricity in remote 

areas far from actual demand and – secondly – for interregional balancing of supply 

from different energy (re)sources and technologies.  

This brief historical retrospect allows for following interpretations:  

• Technical limitations of electricity transmission makes consumption of 

electricity in the vicinity of the energy source appear favourable. 

• Bridging large geographical distances between electricity generation from 

renewable sources and consumption in comparison to the deployment of 

centrally located thermal units is an economical trade-off between electricity 

generation costs on the one hand and transportation costs (including losses) 

on the other hand. 

• Thirdly, additional decision criteria (such as security of supply) – above purely 

technical and economic – are being taken into account regarding the 

deployment of different energy sources and installation of transmission 

infrastructure. 
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Reviewing above interpretations from today’s perspective on the background of the 

rapid deployment of electricity generation capacities utilizing renewable energy 

sources (RES-E) in Europe over the last decade and ambitious deployment targets 

for the future and – at the same time – accounting for the fact that RES-E-

installations are often installed in marginal regions distant to load centres allows for 

the following adapted interpretations:  

• The deployment of RES-E capacities in regions characterised by energy 

potentials increasingly faces technical limitations due to bottlenecks in the 

existing transmission infrastructure, which is connecting these regions to load 

centres1.  

• New-build and extension of electricity infrastructures connecting remote 

renewable energy sources – located even far offshore – to load centres are 

accompanied by substantial spendings and notable impacts on the 

environment: (Comparatively) low generation costs are being traded-off 

against transmission costs.  

• In addition to security-of-supply considerations, environmental conservation 

and climate protection have become policy goals, which are decisively shifting 

the techno-economical balance of electricity supply and demand patterns, 

which may have otherwise evolved.  

 

The observed increase of electricity generation capacities from renewable energy 

sources have revealed tense interrelations between energy policy, climate and 

environmental policy and cost effectiveness of electricity supply, which are reaching 

beyond pure economic implications of different support schemes but concern the 

attribution of costs, which are arising from dedicated electricity grid extensions or 

enhancements. 

  

                                            
1 E.g. UK: Scotland versus London area. Germany: Northern and North-Eastern Federal States versus 
Southern Germany. Austria: Parndorf region versus Graz region. 
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The main conflict with this respect concerns the question, if additional costs arising 

from infrastructure investments, which are caused by the interconnection of additional 

power plants utilising renewable energy sources, shall be  

a) borne solely by the operators of these projects or  

b) only in part or 

c) socialised via all users of the electricity infrastructure via regulated grid tariffs. 

 

A related conflict addresses the question, upon which methodology such costs may 

be attributed and if these may be attributed transparently at all. 

This thesis is dedicated to explore above mentioned interrelations and tensions, 

explore different implemented or planned approaches of cost attributions and analyse 

the cost-effectiveness of different cost attribution methodologies exemplarily. 

Implemented regulations for the attribution of infrastructure related costs to 

renewable energy projects, which can be observed in Europe presently, differ 

significantly from each other, as European regulations for a harmonised approach are 

still missing. Eventually, it appears as if it was left to these different exerted 

regulations to proof their success in a liberalised electricity market with increasing 

shares of renewable energies. 

 

1.2 Core research questions 

The core research question addressed in this thesis can be formulated as follows: 

How can costs related to the extension or upgrade of present electricity 

infrastructures be attributed to the producers of electricity from renewable energy 

sources and what implications do different approaches of cost attribution have on the 

cost effectiveness of support of renewable energies? 

More specific questions addressed in this thesis comprise: 

In what ways can different integration costs of RES-E plants be reflected in grid 

charges, the level of subsidies or offtake prices and through planning procedures? 



Introduction 

-4- 

What effect does the attribution of connection costs for offshore wind power to either 

a regulated grid operator or the project owner have on the necessary level of support 

for a given portfolio of planned projects? 

Which are the main obstacles for the grid-integration of RES-E power plants as 

observed by key stakeholders? 

Which recommendations for cost-effective, non-discriminatory and transparent 

regulations for the integration of power plants utilising renewable energy sources can 

be derived for different stakeholders? 

 

1.3 Contents and Structure of the Thesis 

An introductory chapter (2 – Background) describes the theoretical framework of the 

topic of this thesis: Monopoly regulation of operation of electricity infrastructures 

provides the relevant context for the development and advancement of rules for the 

integration of electricity from renewable energy sources. A literature review explores 

different approaches for the consideration of RES-E induced costs in the regulation 

of electricity grids. 

Chapter 3 – Locational Signals for the Integration of RES-E – relates existing 

mechanisms of setting economic incentives for the location of power plants (and 

loads) to their impact on and application to renewable energy sources. Innovative 

examples of locational signals for electricity generation from RES are discussed for 

selected countries. 

Chapter 4 – Offshore wind power grid connection regulation and its effect on transfer 

costs  – highlights the example of RES-E grid connection under different regulatory 

mechanisms. The focus of analysis lies on the development of a methodology to 

quantify consumer transfers under different regulatory approaches for the allocation 

of grid connection costs. This methodology is then applied to the case of electricity 

generation from offshore wind in the UK: On the basis of a cost model for offshore 

wind farms of UK’s licensing round 2 and 3 it is shown, that different approaches for 

the allocation of grid connection costs result in differently high burdens for electricity 

consumers. 
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Chapter 5 – The viewpoint of European stakeholders on Regulations for RES-E grid 

integration – provides the results of a consultation of involved parties on the practical 

aspects of RES-E grid integration in selected European countries. 

Chapter 6 is dedicated to extracting conclusions and recommendations – resulting 

from identified best practices as well as from theoretical analysis. These 

recommendations and conclusions are presented separately for the main 

stakeholders involved. 

The Annex contains a more comprehensive compilation of data used in the course of 

modelling the economics of UK offshore wind farms in chapter 4 and a detailed 

reference to respective data sources. 

Figure 1.1 provides a graphical overview over the structure of this thesis as set out in 

the previous paragraphs. 

 

Figure 1.1  Structure of the thesis 
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2 Background  
Operators of power plants are – in general2 – dependent on the right to utilise the 

electricity grid infrastructure within a particular electricity market, commonly referred 

to as public grid. They are not able to choose between different providers of this 

infrastructure3, as these do not exist in parallel. In the following, it will set out in more 

detail, what qualifies grid operation as a monopoly market and what are the 

consequences thereof.  

2.1 The regulation of natural monopolies4 

The term “monopoly” has been introduced by Aristotle in his “politika”, a collection of 

theories on the constitution of a state and also its economical rules. The general 

viewpoint that a moderate and balanced mind-set is a desired attribute of humanity 

translates into a preference of a well-balanced and appropriate distribution of goods. 

As a consequence, a situation where there is only one (“mono”) seller (“polein”) of a 

good available, who raises prices above competitive levels, is regarded as 

detrimental to a “fair” distribution of goods. Aristotle considers the utilisation of 

monopoly rents for financing the public household and reports on a historic case of 

market intervention by the state: the liquidation of a private monopoly in Sicily.  

Whereas the principal definition of a monopoly as a situation where one business 

entity exclusively serves market demand is still valid today, the valuation of the main 

detriment of monopolistic markets has changed: Now, the loss in total social welfare 

due to excessive prices is regarded as an at least equally important argument against 

monopolistic behaviour as undesired distributional effects. Without external 

interference into the business strategy of a monopolistic company, prices would be 

set above competitive levels, so that losses in total welfare occur. Figure 2.1 

qualitatively depicts the market for a good, which is characterised by a linear price-

demand-function (p) as well as a linear marginal-cost-function (C’). The shaded 

triangle indicates the loss of total welfare, if only one firm serves the total demand in 

comparison to a perfectly competitive market. If this firm is maximising its profits, it 
                                            
2 Analysis conducted in this thesis focusses on grid-connected RES-E generation. 
3 The provision of connecting infrastructures may be tendered among different potential operators, as 
will be set out in chapter 3.3.2. 
4 This sub-chapter partly follows structure and rationale of Joskow’s work on Regulation of Natural 
Monopolies (Joskow, 2007). 
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chooses to produce a quantity, where marginal costs of production equal its marginal 

revenues (R’) and, second, sets prices equal to the willingness to pay for this level of 

output. 

In order to avoid such a situation, where welfare is lost and – potentially even more 

important in practice – is lost to the detriment of consumers, regulatory authorities 

typically impose price and entry regulations to monopolistic markets.  

Above allocative inefficiency, following attributes of monopolistic markets serve as 

justification for their regulation (Joskow, 2007): inefficiencies in production (X-

inefficiencies), inadequate adaptation of technological progress (missing effort) and 

low quality of service. Prevention of cream-skimming within distinguished sub-

markets may serve as an additional motivation for imposing monopolistic universal 

service obligation to one regulated firm. From a historic perspective, the prevention of 

price discrimination between different consumer groups also played an important role 

for the implementation of monopoly regulation. 

 

 

Figure 2.1  Welfare loss in a monopoly 

 

2.1.1 Definition of a natural monopoly 

Baumol (1977) defines a natural monopoly as a market, in which it is less costly for a 

single firm to produce any level of output of a product over the full range of market 
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demand than for two or more firms. Cost functions fulfilling this criterion are 

denominated (globally) subadditive. In formal terms, subadditivity at the output level 

Q is given, if the following equation holds: 

∑=+++<
k

ik qQqCqCqCQC )(...)()()( 21  Equation 2.1 

C  cost function 

Q   total output of a single good 

qi  output of individual firms 

k  number of firms 

If Equation 2.1 holds over the whole range of demand for a good within a market, the 

cost function is globally subadditive. Decreasing production costs with increasing 

volumes of output – economies of scale – are a sufficient criterion for the presence of 

a natural monopoly in the single product case5.  

A firm producing more than one product operates as a natural monopolist, if the joint 

production of any combination of demanded quantities of different products in one 

firm is less costly than in two or more separate firms. In such a case, the production 

technologies are characterized by economies of scope. Equation 2.2 in formal terms 

gives an example for economies of scope in the production of two different goods q1 

and q2.  

),0()0,(),( 2121 qCqCqqC +<  Equation 2.2 

C  cost function 

q1, q2   demanded output levels of two different goods 

The electricity transmission and distribution industry is generally regarded to 

comprise a natural monopoly. This implies that it is more economical for a single firm 

to operate the electricity infrastructure in contrast to several (or at least two) 

competitive firms offering this service within the same market.  

                                            
5 Economies of scale are not a necessary criterion for subadditivity and, hence, for a natural 
monopoly. E.g., limited market demand may not allow for overall cost-effective production by two 
firms, even if the cost function of the first firm has exceeded a production range characterized by 
increasing returns to scale and approaching a range of diseconomies of scale (decreasing returns to 
scale). However, in the single-product case, economies of scale over full market demand are a 
sufficient criterion for a natural monopoly. 
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Only few economists argue that electricity transmission and distribution comprises a 

contestable market: Di Lorenzo (1996) points out, that network industries such as 

electricity and gas distribution as well as the local loop of the fixed line telephone 

network in their early days had been competitive for several decades within single 

geographic regions. He concludes, that in the first instance it is in the interest of utility 

industries that their business is regarded a natural monopoly. Other sources seem to 

neglect, that potentially competitive segments of the electricity sector industry – 

generation and supply – and grid operation need to be assessed independently 

(Künneke (1999). Empirical research by majority comes to the conclusion that 

economies of scale are evident in the operation of electricity distribution and 

transmission grids (Filippini, 1998). Filippini analyses Swiss electricity distribution 

companies in order to assess economies of scale and the potential for competition. 

As a result, the majority of distribution companies are identified to operate at too 

small scale. This conclusion shows that in the assessment of the existence of a 

natural monopoly and hence subadditivity of the cost function, the definition of the 

relevant market plays a crucial role.  

Joskow (2007) adds an important attribute to natural monopolies above the technical 

definition as set out above: Sunk costs – being capital investments into assets 

characterized by a long economic life-time and by a limited or even no value for any 

alternative business opportunity. The presence of sunk costs plays a significant role 

for potential market entry and according regulation: If no non-recoverable capital 

costs were associated with business operation, the distinction between a monopolist 

and potential market entrants would become obsolete. 

Network industries are characterised by the common attribute, that the installation of 

the network infrastructure is connected with high barriers of market entry: Both, high 

capital costs, which are sunk to a large extent, and high administrative hurdles in 

terms of licensing and construction support the stability of an existing monopolistic 

market structure. 

 

2.1.2 Approaches for regulating natural monopolies 

The aim of monopoly regulation is to prevent undesired effects of monopolistic 

market operation as set out in the introduction of Chapter 2, comprising welfare 
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losses - especially the loss of welfare on the side of consumers -, poor service quality 

or price discrimination. In the presence of a natural monopoly, authorities dispose of 

different measures for avoiding such adverse effects: Through public ownership of 

the monopolistic enterprise efficient pricing of offered services may be implemented, 

while non-recovery of sunk costs may be compensated via cross-subsidies from 

state-budget (Joskow, 2007). Alternatively, state authorities may decide to let 

potential market entrants bid for a monopolistic market: Without imposing the terms 

for product pricing on the winner of such auction, the outcome of such competition 

would be connected to offering average costs, which allow for the recovery of fixed 

costs. In the context of electricity grids a market franchise, however, appears 

problematic due to the durability of infrastructure assets: The right to supply the 

market would need to be granted for a long – or even indefinite – period of time, 

therefore, the introduction of competition through repeatedly held auctions would be 

prevented.  

 

2.1.3 Price regulation 

Determination of prices, at which the monopolistic enterprise is obliged to service its 

customers, has been implemented by regulatory authorities in different arrangements 

over time and depending on the industry of the monopolistic market. It is common to 

all kinds of price regulation, that the monopolistic enterprise shall be prevented from 

earning excessive returns, and, at the same time, from choosing a non-efficient 

supply-volume. It is also common to price regulation mechanisms that the 

monopolistic enterprise shall be granted revenues, which allows it to stay in 

operation, i.e. recover its costs. Mechanisms described below, follow a general 

rational as set out in Equation 2.3 (Joskow, 2007): Required revenues comprise a 

fixed component and a certain share of realized costs. 

CbaR *)1( −+=  Equation 2.3 

R  Monopolistic firm’s revenue requirement 

a  fixed part of granted revenues 

b  sharing parameter 

C  Firm’s realised costs  
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Cost-based regulation (compare Joskow, 2007): 

In order to avoid the welfare loss connected to non-intervened monopolistic pricing, a 

monopolist may be obliged to offer services or sell products at their marginal costs of 

supply. Doing so – in the presence of economies of scale – the monopoly enterprise 

would not be able to recover its total costs and go bankrupt. To prevent such result, 

regulation may therefore either transfer subsidies to the monopolistic enterprise 

covering fixed cost (see Equation 2.4 and Equation 2.5) or allow the enterprise to set 

prices, which allow (close-to) zero profit from operation (break-even) (see Equation 

2.6). Both interventions are connected to inefficiencies: In the first case, inefficiencies 

stem from collecting and redistributing taxes, in the second case, due to higher than 

marginal prices, a non-welfare maximising demand will be supplied. 

qq MCp =  Equation 2.4 

qFCS =  Equation 2.5 

pq  regulated price of service provision (at output level q) 

MCq  marginal production costs 

S  Subsidy 

FCq  Fixed costs (at output level q) 

 

q
q

q AC
q

TC
p ==  

Equation 2.6 

TCq  Total costs of service supply (at output level q) 

ACq  Average (unitized) costs of service supply (at output level q) 

q  (Anticipated) demand 

The major drawback of any kind of price regulation – above implicit efficiency losses 

– lies in imperfect information of the regulating authority on the cost function of 

efficient production and market demand.  
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Cost-of-service regulation – Rate-of return-regulation   

(compare Armstrong, Sappington, 2005): 

In response to above mentioned major drawback of price regulation – being principal 

information asymmetries between the regulated monopoly regarding the (efficient) 

cost function of service provision – cost-of-service regulation or rate-of-return 

regulation has been implemented for the regulation of electricity network industries. 

The fundamental approach of cost-of-service regulation is to assess the basis of fixed 

and operating costs of monopoly firms, in order to determine justifiable tariffs for 

service provision, which – above recovery of costs – allow for some return on capital 

expenditures, see Equation 2.7 below.  

q
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Equation 2.7 

Capexq Capital expenditures  

RoR  regulated Rate of Return 

Opexq  Operational expenditures  

Again, major challenges are implicit to this form of regulation:  

Reported costs may:    

• be incorrectly stated and evidenced. 

• not be adequate to supply demanded quality of service. 

• not be justifiable as necessary for the provision of services.  

• be inefficiently spent.  

Benchmarking (the quality of) provided services against reported costs between 

different regional monopolies and – in the following – adjusting regulated tariffs of all 

considered corporations to the performance of the most efficient observed one(s) has 

been identified as a means of improving efficiency: This comparative approach – 

known as “Yardstick-competition” – allows for the introduction of competition among 

corporations, which dispose of a monopoly market in the first instance. Again, this 

methodology is connected to severe drawbacks in practice: For hardly any two real-

world monopolies it can be reasonably assumed, that their cost basis for service 

provision at a certain quality level is equal: In the case of network industries, mainly 
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the density and demand-pattern of consumers within the serviced region and the 

topographic characteristics of the region constituting the monopoly market influence 

the cost basis. Efforts to identify functional relationships between such parameters 

and the cost of service provision may be capable of improving the benchmarking 

process of yardstick-competition (Jamasb, T., Pollitt M. (2001) and Frontier 

Economics (2010)).  

In the listing above, inefficient spending of costs has been mentioned as a drawback 

of rate-of-return regulation. More specifically, a regulated firm may choose a cost 

function, in which marginal costs of factor substitution do not reflect the ratio of 

respective input prices: Averch and Johnson (1962) revealed, that a regulated 

monopoly – which is aiming at maximising its profits and which disposes of some free 

choice regarding its factor input and which is granted a regulated interest on capital6 

– would chose to utilise a higher input of capital and a lesser input of labour for the 

provision of its services in comparison to the cost-minimizing factor combination. The 

impact of such behaviour of a monopolistic company, which is imposed a regulated 

rate of return, materializes, again, as a welfare loss.  

 

Incentive-regulation (compare Joskow, 2006): 

The main disadvantage implicit to price-regulation has been identified to be imperfect 

information of the regulator on the production function of the regulated firm and 

consumer demand. Secondly, rate-of-return-regulation brings about an implicit 

incentive for a non-cost-minimizing choice of input factors to production – resulting in 

over-expenditures of capital. On this background it appears desirable from the 

viewpoint of a welfare maximising regulatory authority to – firstly – design a 

regulatory mechanism, which provides an intrinsic incentive to a monopoly to adopt 

its production function towards its cost-minimum, and – secondly – to pass on (parts 

of) such efficiency improvements to consumers. If implementation of above 

mentioned steps appears unfeasible to be conducted simultaneously, then a 

continuous process of incentivising efficiency gains and, later, passing on (part of) 

these improvements to customers may be installed: A mechanism to share profits 

                                            
6 Regulated rate of return is greater than (or equal to) the firm’s cost of capital and lower than the 
return of an unregulated monopoly. 
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(between the regulated firm and consumers), which is regularly reviewed and 

adjusted, eventually comprises the core idea of incentive regulation.  

Under price-cap regulation the regulatory authority sets a firm price (above estimated 

average costs) for the monopolistic product or service and allows the monopoly 

company to capture corresponding profits. The regulated firm, which is being assured 

that the set price would not be altered over a certain period, will undertake efforts to 

reach the cost-minimizing production function and thereby maximize its profits. In 

return, the regulatory authority will review the resulting cost-of-service of the 

regulated firm (and of other regional monopolists) and determine a new price for the 

following regulatory period, which reflects both materialized efficiency improvements 

and varying input parameters such as e.g. labour and equipment costs. Subsuming 

input price variations by the consumer price index (CPI)7 and subsuming relative 

improvements in the efficiency of production by “X” the price-cap-regulation may be 

formally described as set out in Equation 2.8 (Joskow, 2007). 

 

)1(*01 XRPIpp −+=  Equation 2.8 

p1 price in regulatory period under consideration  

po initial price  

RPI (consumer) price index / rate of input price increase  

X target productivity change factor 

The determination of an initial price po may follow a review of the regulated firm’s cost 

of service provision. 

Revenue cap regulation comprises an incentive regulation scheme, which caps a 

firm’s revenue and – similar to price-cap regulation – allows for adjustments due to 

input price variations and demands efficiency improvements. Additionally, if there 

exists uncertainty regarding demand, adjustments for varying quantities need to be 

taken into account. 

For the determination of the X-factor, the regulator is required to judge technological 

progress within an industry and thereby the theoretical potential for increasing 

                                            
7 The consumer price index may not be representative for variations of factor prices of a specific 
industry. Therefore, a separate price index may be determined in practice.  



Background 

-15- 

productivity. At the same time, information on the status of the production function 

used by a firm is required in order to determine its specific potential for cost 

reductions. A comparison of productivity across a set of regulated firms, such as 

other regional monopolistic enterprises, and more specifically, relative improvements 

of productivity, may reveal valuable information in this context. From a long-term 

perspective, it is necessary to develop carry-over-mechanisms for profits realized 

through efficiency improvements from one regulatory period to the following. 

Otherwise – if the regulatory authority captures all improvements to the benefit of 

customers through the determination of initial prices, regulated firms may choose to 

improve their performance only at the beginning of a regulatory period and tend to 

delay possible improvements in the later stage towards the start of the new period. 

Yardstick competition may serve as an adequate tool to steadily encourage 

monopolistic enterprises to improve their performance in relation to their peer-group. 

Rodgarkia-Dara (2007) explores such inter-temporal effects of incentive regulation – 

denominated as the ratchet effect.  

In practice, incentive regulation schemes need to be connected to incentives for 

maintaining or increasing the quality of service under the given constraints. 

Otherwise, regulated firms would tend to save costs – and thereby increase their 

profits during a regulatory period – by lowering the quality of their offered services. 

Giannakis, Jamasb and Pollitt (2005) have explored suitable approaches for 

incentivising quality of service in electricity distribution.  

Sustaining the willingness of regulated firms to undertake infrastructure investments 

in the presence of incentives for cost-cutting comprises an additional challenge to be 

faced in the practical implementation of incentive regulation schemes in particular8. In 

the view of immense infrastructure investments, which are considered to be 

necessary for the integration of substantial shares of additional RES-E generation, 

specific adjustments of existing regulatory mechanisms need to be taken into 

account. 

The following sub-chapter – 2.2 – will among others address the necessity to take 

into account the energy policy goal of increasing the share of renewable energies in 

the design of regulatory mechanisms.  

                                            
8 Cost-of-service regulation provides high-powered incentives for investments as long as the pass-
through of these is not effectively restricted by respective clauses. 
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2.2 Costs of RES-E integration in grid regulation mechanisms 

Policies for the promotion of electricity generation from renewable energy sources 

need to take into account the monopoly characteristics of the electricity infrastructure, 

to which respective installations are connected. More specifically, it needs to be 

judged, if the grid regulation mechanisms in place have the potential to impede rapid 

and cost-effective deployment of RES-E installations. European legislation, primarily 

in the form of the directives on the internal electricity market (compare EC, 2009a for 

its latest implementation) and on the promotion of the use of energy from renewable 

sources (compare EC, 2009b for its latest implementation) sets out rules and 

recommendations against discrimination and even for preferential treatment of RES-

E, such as priority access to the grid and priority dispatch. Above, RES-E injections in 

peripheral regions shall not be discriminated in terms of charges for the utilisation of 

the distribution and transmission grid. 

For a further discussion of the status and perception of implementation of these 

European standards relating to the access to and usage of monopolistic 

infrastructure elements it is referred to chapter 5 of this thesis.  

For measures to avoid discrimination of the utilisation of energy sources, which are 

located remote to demand, it is referred to chapter 3 of this thesis. 

 

2.2.1 The impact of RES-E generation on grid regulation 

As set out in the first part of this chapter, different methodologies have been 

developed and implemented by regulatory authorities, which aim at preventing 

welfare losses incurred by non-intervened monopolistic pricing and by inefficiencies 

in production. In order to be able to assess inefficiencies in production it is necessary 

for the regulatory authority to have information on the production function9 of the 

regulated industry. Comparison among multiple monopolistic firms in terms of 

yardstick competition – see above – may provide the regulator with a sufficient 

estimate for a given production function, as long as it is sufficiently static. If, on the 

other hand, the production function is subject to dynamics due to material 

technological advancements or due to severe changes in the demand pattern, the 

                                            
9 Input prices to production appear less critical to evaluate, since these prices need to be evidenced as 
costs and can be easily compared. 
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regulatory authority lacks important information. With respect to electricity distribution 

and transmission infrastructure, technological advancements may be identified in the 

emergence of so-called smart-grid-technologies10. Even more importantly, renewable 

energy policy heavily influences the demand for services provided through electricity 

grid infrastructure: The main influencing factors are a dramatic increase of the 

number of generators and – at the same time – a decrease of average installed 

capacities, the installation of large generation capacities in remote regions and the 

pattern of electricity generation from wind and solar.11 

Both influencing factors – renewable energy policy and new technologies – imply 

heavy investment needs, which are not adequately reflected in common incentive 

regulation schemes. 

Vogel (2009) explores the treatment of distributed generation under different 

regulatory schemes. He concludes that due to the technical complexity of distribution 

grids and the manifold information asymmetries between the involved stakeholders 

cost-reflective grid charges will be very challenging to implement into a price cap 

regulation scheme, even if such charges could incentivise investment into distributed 

generation at sites where it is most valuable and least expensive for the society. 

Sliding Scale: 

Among European regulatory bodies, it was Ofgem12, which reflected the need for 

inclusion of incentives for timely and efficient investment in its distribution price 

control review for the period from 2005 to 2010 (Ofgem, 2004a; Shuttleworth, 2005). 

Apart from dedicated initiatives as the Innovation Funding Incentive and the 

introduction of Registered Power Zones (compare chapter 3.3.2) Ofgem introduced a 

                                            
10 In its research agenda (Smart Grids SRA 2035, 2012), the European Technology Platform on Smart 
Grids defines smart grids as “[…] an electricity network that can intelligently integrate the actions of all 
users connected to it - generators, consumers and those that do both - in order to efficiently deliver 
sustainable, economic and secure electricity supplies. A smart grid employs innovative products and 
services together with intelligent monitoring, control, communication, and self-healing technologies 
[…]”. 
11 Small scale RES-E installations necessitate significant investments into the distribution grid, if these 
are deployed in massive numbers. As an example, in 2010 an average of 160 household-scale PV 
plants have been connected to the distribution grid in Bavaria per day, triggering a specific demand for 
investments into the enhancement of the distribution grid in the range of m€ 100. Apart from upgrades 
of medium and low voltage lines 4 substations and 150 secondary substations needed to be built as 
well as 1500 local transformer stations needed to be exchanged (Barth (2011)). 
12 Ofgem, the Office of the Gas and Electricity Markets, is the British regulatory authority for the energy 
sector. 



Background 

-18- 

sliding scale of regulatory parameters into its price-cap regulation, translating the 

idea of a menu of contracts – developed by Laffont and Tirole (1993) – into practise. 

Ofgem thereby designs a matrix for scheduled versus realized capital expenditure 

and assigns different allowed rates of returns to each combination. The mechanism 

allows for returns also in case that larger investments than estimated by the 

regulator’s experts need to be undertaken as long as the regulated firm’s ex ante 

estimate is not exaggerated. Doing so, a strict price-cap is being removed in order to 

enable investments, while a cost-saving incentive is kept in place for the reason that 

returns are increasing with cost savings relative to the forecast. 

Pass-through of dedicated investments into the distribution grid: 

In the practical implementation of incentive regulation schemes, it is common to 

perform forecasts of capital expenditures, which – upon approval by the regulatory 

authority – increase the total of allowed costs (or revenues) on top of the incentive 

scheme (compare e.g. Ofgem, 2009a). Due to the fact that additional investments 

into the electricity grid infrastructure stemming from the connection of RES-E 

installations may not be predicted over a time horizon of several years, it has been 

suggested to complement the regular incentive regulation formula by a term, which 

adds a specific capacity- (or energy-) related allowance for connected installation 

(compare de Joode et al. (2007) and (2009) or Frias et al. (2009). Equation 2.9 below 

sets out a respective adjustment for increased investments due to distributed 

generation (DG) under a revenue-cap regulation according to de Joode (2007). 

ttt IyXTARTAR *)1(*1 +−= −  Equation 2.9 

TAR1  Total allowed revenue in year t  

X  target productivity change factor  

y  “eligibility”-share of DG related investments   

It  DG related investments in year t 

Gomez et al. (2007) postulate – similar as de Joode (2007) above – that explicit 

mechanisms to take into account incremental costs due to DG need to be 

implemented in inventive regulation schemes. Implementation of a mechanism 

similar to the one described in Equation 2.9 is suggested. Jamasb et al. (2005) point 

out that distribution network operators may face adverse incentives to connect 

distributed generation and therefore may opt to delay connections until the end of a 
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regulatory period, if respective investments are considered only during the 

consecutive regulatory review. Imposing penalties for delays on network operators 

may be an adequate solution to prevent such behaviour.  

A recent and extensive review of existing regulations for the treatment of distributed 

generation in European grid regulation is provided in Ropenus et al. (2009).  

 
Transmission investment for integrating large scale RES-E: 

Limitations in transmission capacities are widely recognised as one of the most 

severe barriers to the integration of large-scale renewable energy sources into the 

existing electricity infrastructure (EC (2011). In a consultation report on the 

integration of wind generation in European electricity markets (CEER (2009), the 

Council of European Energy Regulators identifies a major risk in the development of 

networks, which may not be used as predicted due to delays in generation 

investment. Full pass-through of the costs of network developments – induced by the 

integration of wind generation – is stated to be implemented by 12 national regulatory 

authorities in the European Union in order to prevent according investment 

reluctance resulting from this risk. Nerc, the North-American regulatory authority 

dedicated to reliability issues, states that large quantities of new or upgraded 

transmission will be required to support the successful integration of large scale low 

carbon generation capacities into the bulk power system (Nerc (2010)). The report 

concludes that various climate change initiatives will require substantial changes to 

the bulk power system, including […] changes to the processes and approaches 

used in system planning and operations. Tröster et al. (2011) model the European 

electricity infrastructure based on different scenarios of full RES-E supply in the year 

2050. Necessary investments into the transmission infrastructure range from bn€ 150 

to bn€ 680 depending on the share of regional versus imported electricity from RES-

E and according import capacities. In a report for the European Commission Frontier 

Economics and Consentec (2008) find that a mismatch in the distribution of costs 

(e.g. a transit country’s investment) and benefits (importing country’s savings) can 

effectively impede an investment which would increase European welfare and market 

integration and is the key problem to be addressed in the context of cross-border 

transmission investments. It is therefore suggested to implement supra-national 

network planning on the basis of balanced costs and benefits. 
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It can be observed in many European electricity markets that even though major 

extensions or upgrades of transmission grids are regarded as necessary, these 

projects do not show any progress towards implementation of face severe delays 

(compare EC (2011)). Among other reasons13, missing economic incentives for 

transmission infrastructure owners to undertake significant investments under current 

regulatory mechanisms lead to observed delays. The lumpiness of transmission 

investments and the risk that unadjusted transmission charges may not recover 

capital costs necessitates the implementation of preferential investment conditions. 

Identification of projects, to which such conditions shall apply, requires coordinated 

planning approaches. Similar to the exemption of costs related to the integration of 

RES-E installations into the distribution grid from incentive regulation schemes as 

described above, specific transmission investment projects may be excluded from 

price- or revenue-cap regulations imposed on transmission system operators. In 

addition to the pass-through, a higher cost of capital may be allowed for in 

comparison to conventional regulated return.  

Again, the British regulatory authority for energy, Ofgem, introduced a mechanism 

dedicated to enabling interconnections of large-scale renewable potentials into its 

transmission price control, comprising a revenue-cap. The transmission investment 

for renewable generation (TIRG) mechanism is described in more detail in chapter 

3.3.2 of this thesis. Also, advanced approaches for coordinated planning of offshore 

transmission infrastructure are implemented into latest UK regulations (Ofgem 

(2012b), DECC (2012). These regulations allow for the recovery of anticipatory 

infrastructure investments in case of lagged installations of different adjacent wind 

farms and protect operators of offshore transmission infrastructure from the risk 

resulting from under-utilisation of assets. It is estimated that coordination in the 

connection of UK Round 3 projects can lead to cost savings in the range of £ 0.5-

3.5bn (8 – 15% in relative terms) in comparison to point-to-point interconnections of 

individual projects (Redpoint Energy (2011)).  

  

                                            
13 Lengthy licensing procedures, opposition against the construction of overhead lines and strategic 
considerations of utilities and Member States comprise a set of reasons for the delay of 
interconnections. 
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3 Locational Signals for the Integration of RES-E 
 

In this chapter, regulatory mechanisms, which are determining or influencing the 

siting of RES-E generation facilities in geographical terms, are analysed. These 

mechanisms are referred to as locational signals and are in most cases implemented 

in the form of an incentive scheme, which defines favourable or unfavourable 

economic boundary conditions (such as low or high grid charges) for power plants 

(and loads), depending on the preferences set by regulatory authorities and policy 

makers with respect to the siting of these facilities. These preferences are commonly 

determined by the aim of sustaining economic efficiency in the utilisation and 

development of the electricity grid infrastructure. Other motivations for implementing 

locational signals are related to energy and environmental policies, such as the 

promotion of renewable energy sources or nature conservation. In the context of the 

following chapter, also mandatory regulations for the siting of power plants will be 

discussed. 

After an introduction into the topic and a categorisation of locational signals, different 

types of locational signals are analysed concerning their design and their implications 

on the deployment of RES-generation.  

Subsequently, real world implementations of locational signals are outlined for the 

examples of UK and Germany. These countries have been selected for the reason 

that they serve as a role model for the design of renewable energy policies and 

regulations for many countries worldwide.  

A critical discussion of inter-temporal aspects of locational signals and their potential 

effects on the deployment of RES-E generators is followed by preliminary 

conclusions.  

Figure 3.1 provides a graphical representation of the structure of this chapter as set 

out in the previous paragraphs. 
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Figure 3.1  Overview over chapter 3 

 

3.1 Introduction 

Prior to unbundling of the electricity sector, the siting of power plants has been 

subject primarily to resource availability, supply security and energy policy: Energy 

planning had to account for economic factors – such as the trade-off between 

transport costs of power plant fuels and electricity – as well as strategic factors – 

such as security of supply – according to energy policy. As a result, thermal power 

stations have been (and still are being) sited in proximity to load centres14, whereas 

                                            
14 Thermal power plants utilizing fuels with comparatively low calorific values and hence specifically 
high transport costs such as lignite or oil shale (e.g. Narva oil shale power plant in Estonia) tend to be 
located close to the mining sites. The availability of cooling water is another determinant for the 
location of thermal power plants. 
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power plants utilising renewable energy sources have been (and still are being) 

located in proximity to the respective potentials.  

Especially the deployment of large hydro power plants and pumped hydro storage 

plants has been connected to major transmission infrastructure expansions. From an 

integrated viewpoint, respective grid extension costs have been regarded as part of 

the overall costs of capacity additions. 

Since the liberalisation of electricity markets and the unbundling of the electricity 

industry, the implementation of cost-reflective charging mechanisms into grid tariffs 

has become increasingly important in European electricity markets. Several factors 

supported this development:  

• Regulatory authorities needed to install guidelines for non-discriminatory 

access to the grid and to set tariffs for all users of the electricity network in 

accordance with efficiency criteria.  

• Increasing trading activities have led to a changed pattern of power flows in 

the transmission grid.  

• Finally, the additional deployment of generation technologies with variable 

output, predominantly wind energy, has affected the operation of the grid 

infrastructure and is seen as a major driver for grid upgrades and 

extensions15. 

3.1.1 Energy policy goals of locational signals 

The primary policy goal of implementing signals for the siting of power plants and 

load is to maintain economic efficiency in the electricity system on an operational 

basis as well as in terms of infrastructure development: The integration of additional 

generators and loads into an existing electricity infrastructure influences the pattern 

of load flows and implies positive or negative externalities to other grid customers. An 

example for positive externalities is the support of the security of supply due to 

generation expansions close to load centres, while, as an example for negative 

externalities, the installation of power plants in remote regions might necessitate 

unproportionally costly upgrades of transmission lines. The objective of setting 

                                            
15 Electricity generation from hydro power is characterized by variable output as well. However, these 
variations – in comparison – are less volatile and easier to forecast. 
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locational signals is to internalise such externalities from the viewpoint of connectees 

or to generally avoid detrimental effects to grid customers and the public by 

regulatory policy. Doing so, an economically16 efficient gradual infrastructure 

development is supported.  

The implementation of locational signals for renewable generation is evidently 

connected with an energy-policy dilemma: In order to limit public transfers to a certain 

extent, it is appears necessary to deploy potentials in a cost-effective way. On the 

other hand it has become apparent, that favourable renewable energy potentials in 

many cases are available at locations, which are remote to load centres (e.g. wind 

offshore, wind onshore in UK, GER). If remote renewable generation is allocated grid 

charges representing locational signals, respective generation costs rise and 

competitiveness relative to fossil fuel based electricity generation declines. As a 

consequence, the socialisation of integration costs for renewable energy 

technologies is considered in European (compare EC, 2009a) as well as national 

energy policy (compare BGBl, 2006). 

 

3.1.2 Typology of locational signals 

Locational signals are commonly defined as spatially differentiated economic 

incentives for electricity generators and consumers for their cost-effective siting within 

the electricity infrastructure in terms of grid operation and expansion. Such 

differentiations can be achieved by determining site dependant electricity prices or 

grid charges (compare CESI (2003). Site dependant electricity prices, so far, have 

been implemented only in several regional electricity markets in the USA and New 

Zealand (nodal pricing / zonal pricing). 

In the following, locational signals are predominantly dealt with from the perspective 

of grid charges on generation and particularly from the perspective on RES-E 

generation. However, in terms of efficient pricing mechanisms, load also needs to be 

covered by differentiated grid charges in relation to its marginally effected changes of 

infrastructure costs. 

                                            
16 It is assumed that externalities affecting e.g. health or environmental conditions are translated into 
economic incentives or ordinance policy as well. 
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In principle, locational signals can be distinguished according to different objectives 

of incentivation: The dominant target of setting locational signals is to give guidance 

for the location of a power plant in terms of an investment signal. This type of 

locational signal (long term locational signal) will be in the focus of the following 

chapters.  

On the other hand, locational signals can be targeted at the operation of existing 

plants (short term locational signals). Near time price signals, which are valid for 

certain regions or even grid nodes, as is the case in nodal pricing, affect the short 

term operational planning of plant operators. These mechanisms are targeted at the 

efficient management of congestions and the cost allocation for grid losses (CESI, 

2003). 

Short term mandatory measures of influencing local electricity production, such as 

a temporary curtailment of feed in the case of critical conditions in the electricity grid 

are neither considered in the following chapters. These measures primarily affect 

variable large scale generation technologies such as wind power. Erikson et al. 

(2005) evaluate the possibility of wind power production curtailments. Even if wind 

power due to its marginal production costs of almost zero should be a preferentially 

deployed power source in economic terms, the authors state a number of reasons for 

constraining wind generation: Network conditions, which exceed the conditions 

covered by the planning criteria, can lead to temporary and local limitations of the 

output of a group of wind generators. Above this, system aspects such as a minimum 

required level of conventional generation or the compliance with load gradients may 

require wind power curtailments. Depending on the mechanisms applied for the 

market integration of wind power, short term curtailments may also be mandated in 

order to avoid highly negative prices on electricity spot markets17. 

                                            
17 According to the German RES promotion scheme TSOs bear the responsibility to market the bigger 
part of supported RES-E on day-ahead or intraday electricity wholesale markets. As a result, highly 
negative spot prices could be observed in times of high wind feed-in and low residual loads. On 
Sunday, October 4th 2009, a spot price of € -500/MWh could be observed in an early morning hour, 
while during Christmas holidays 2009 the EEX spot price cleared at negative values for 11 
consecutive hours. Both events coincided with especially high wind feed-in (Flinkerbusch et al., 2010). 
In order to avoid such market distortions, price-limits can be mandated for RES-E bids. Consequently, 
RES-E feed-in needs to be curtailed when these price limits are binding and respective bids are above 
the effective market clearing price. 
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Long term mandatory measures such as spatial planning and environmental 

regulations also have a severe impact on the siting of power plants, especially when 

these processes result in exclusive deployment zones. 

 

3.2 Locational signals – their design and effects on RES-E 
integration 

3.2.1 Connection charging 

The mechanism applied for the distribution of costs incurred by the connection of 

RES-E installations to the existing grid may incorporate strong economic incentives 

for the location of power plants: The higher the share of costs attributed to the 

operator of such plants, the stronger the locational signal. On the other hand, full 

socialisation of connection costs via grid charges imposed on consumers does not 

have the potential to direct investments in geographical terms. 

Barth et al. (2008) explore the effects of different mechanisms for the distribution of 

costs induced by the integration of RES-E power and recommend that clearly 

attributable grid connection costs shall be borne by the respective installation. Due to 

inter-temporal aspects of capacity as well as infrastructure developments, costs owed 

to necessary extensions of the existing grid should be charged over a distinct period 

of time and regularly re-assessed. 

Deep connection charges 

Deep connection charging defines a regulatory practice of grid access charging, 

which allocates the costs for necessary upgrades of the existing grid infrastructure – 

in addition to the costs of the connecting infrastructure – to the generator.  

Figure 3.2 provides a graphical representation of the separation of costs to be either 

borne by grid operators or generators according to a deep charging policy. 

Deep connection charges are generally established in the form of an upfront payment 

related to the installed capacity and may be treated as part of overall investment 

costs from the viewpoint of the generator. Still, deep connection charges may also be 

transferred into regionally differentiated use of system charges, which are collected in 
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relation to electricity production or in the form of a yearly capacity payment 18. Latter 

approach is advantageous from the viewpoint of generators in terms of financing new 

installations and constitutes an efficient allocation, when capital costs of grid 

operators are lower in comparison to generators. This effect will be discussed in 

more detail in chapter 4. 

The distinction between connection charges and use of system charges becomes 

imprecise in such a case. As an example, UK offshore wind farm operators are 

charged part of the incremental upgrade costs due to the connection of these power 

plants to the existing grid in the form of use of system charges. The major part of 

annuities of incremental investment costs – including the offshore transmission line 

and the offshore substation – needs to be incurred by load customers. Also the 

distinction between deep versus super shallow charging becomes equivocal in this 

case. See chapter 3.3.2 for a detailed description of the UK regulatory mechanism for 

offshore connection charging. 

 

Figure 3.2  Deep connection policy (own illustration based on Scott, 2007)  

 

                                            
18 Compare chapter 3.5 for a characterization of locational signals in the form of use of system 
charges for generation (G-Charge). 
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Deep connection charging is deemed to provide economically efficient investment 

signals for the location of new power plants. However, this concept appears to be in 

conflict with European renewable energy legislation: 

• Determination of marginal costs of reinforcement:  

Marginal costs to the grid operator due to the integration of an additional 

generator can be determined for the connection to the existing grid19, but they 

can hardly be quantified for upgrades of the existing infrastructure. Therefore, 

the determination of deep connection charges is very likely to be in conflict 

with European legislation concerning the transparency of charges for the 

access to electricity grids: The RES-Directive of the European Commission 

(EC, 2009a) demands that grid operators set up and make public standard 

rules for the bearing and sharing of grid connection and grid reinforcement 

costs, based on “objective, transparent and non-discriminatory criteria”. Upon 

request, connectees need to be provided with a “detailed and comprehensive 

estimate” of connection costs. 

• Non-discrimination of RES-E in peripheral regions:  

Above mentioned directive further demands, that transmission and distribution 

tariffs do not discriminate against RES-E produced in peripheral regions 

(islands or sparsely populated regions). This requirement appears to be in 

contradiction to the concept of locational signals at all. 

Taking into account these two arguments, EU legislation suggests that Member 

States “require transmission system operators and distribution system operators to 

bear, in full or in part, the costs” of grid connection and grid reinforcement (EC, 

2009a). 

Especially the problem of determining marginal grid reinforcement costs, which can 

be attributed to the originator, exists independently from legislation: Enhancements of 

the electricity grid infrastructure can only be performed in discrete steps, which – in 

most cases – set the preconditions for connecting a multiple of generators: The 

                                            
19Costs for the connection of generation capacities are related to standard equipment and standard 
services, therefore these costs can be estimated on the basis of technical parameters as the distance 
and voltage level of connection and the characteristics of the terrain to be crossed. See chapter 4 for a 
more detailed analysis of grid connection costs for RES-E generation. It is demanded by European 
legislation (EC, 2009a), that a connectee may call for a tender for the connection work. Resulting 
competitive offers also give a valid indication for the actual costs of grid connection.  
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upgrade of a local low voltage branch will accommodate a multiple of residential or 

commercial PV installations, while the closure of a transmission grid loop on the 

highest voltage level may provide the preconditions for wind deployment in a whole 

region. As an exemption, the connection of offshore wind farms and large onshore 

wind farms may necessitate distinct grid reinforcements and extensions, which are 

directly attributable to these generation capacities. Therefore, the attribution of 

marginal deep connection costs to single connectees as a general rule is ambiguous, 

as there exists uncertainty about the total capacity to be connected on the one hand 

and the timeline of these connections on the other hand. Discrimination of “Early 

Movers” and free-riding of late entrants may be the result of such uncertainties, as 

described by Auer (2007a). From a grid operator’s point of view, certainty of cost-

recovery for reinforcement measures is not maintained, when according costs are 

allocated following a deep integration approach and when the capacity to be 

connected is unsure. 

The time span from the start of the planning process until the start of operation of a 

RES-E plant may encompass several years. Within this timeframe, load flow patterns 

and the intensity of utilisation (e.g. reaching maximum loads of transmission lines or 

substations) may change significantly. As a consequence, also the level of grid 

charges, which are determined following a flexible deep charging methodology, may 

change significantly in parallel. From an investor’s viewpoint, this uncertainty of cost 

items adds to the overall risk of an investment project. 

 

Shallow connection charging 

Shallow charges for the connection of a generation facility to the grid only take into 

account the costs of the infrastructure, which is linking the power plant to the existing 

grid and which is exclusively utilised by the connectee. Shallow connection charges 

are strictly related to the capacity of the connected facility and the terrain to be 

crossed. Therefore, the determination of attributable costs to be reflected in shallow 

connection charges is less ambiguous in comparison to a methodology of deep 

charges.  

Figure 3.3 provides a graphical representation of the separation of costs to be either 

borne by grid operators or generators.  
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In most cases these charges are collected by the grid operators as a one-time 

payment at the start of electricity feed in. Similar to deep connection charges, also 

shallow charges may be passed on to generators in the form of an annuity over a 

certain time period.  

The European RES-E directive (EC, 2009a) mentions the option for member states to 

implement provisions allowing RES-E producers to issue a call for tender for the 

connection work. As against the requirement that respective works need to be carried 

out exclusively by the concerned grid operators such provisions are capable of 

reducing discriminatory behaviour, enabling competition in this field and accelerating 

the grid connection process. 

 

 

 

Figure 3.3  Shallow connection policy (own illustration based on Scott, 2007)  

 

Shallow charges provide weaker incentives for power plant siting in comparison to 

deep charges and it is important to note, that extension costs of the existing grid 

infrastructure, which are induced by additional generation capacities, need to be 

recovered by all grid customers.  
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Super-shallow connection charging 

Super shallow connection charging, finally, denominates a policy, which draws the 

boundary of cost allocation at the generator’s side of the collector substation. The 

TSO bears the costs for the largest part of immediate connection assets in addition to 

the costs of grid reinforcements and extensions (Scott, 2007).  

Figure 3.4 provides a graphical representation of the separation of costs to be either 

borne by grid operators or generators according to a super shallow charging 

framework. 

The main motivation for introducing a super shallow charging regime is to facilitate 

the financing of renewable energy installations. In the case of offshore wind, project 

developers are disburdened a share of approximately 15% of overall investment 

costs (EWEA, 2009), if they are provided offshore transmission infrastructure (“plug 

at sea”). Financing experts are in favour of super shallow charging regimes for the 

reason that they allocate different risks to those parties, which are best capable of 

managing these risks. Also the fact that the expected lifetime of transmission 

infrastructures by far exceeds the lifetime of offshore wind turbines calls for a 

separation of responsibilities concerning electricity infrastructure and generation 

assets (Ondraczek et al., 2006). 

 

Figure 3.4  Super shallow connection policy (own illustration based on Scott, 2007)  
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As a locational signal, super shallow charging facilitates the deployment of power 

plants which are characterised by especially high specific connection costs. This 

charging methodology is predominantly applied in the context of renewable energy 

technologies in general and the connection of marine technologies in particular. Most 

important implementations of a super shallow charging regime comprise German and 

UK regulations for the connection of offshore wind farms20. 

3.2.2 G-charges 

Similar to the concept of deep connection charging, the implementation of use of 

system charges for generators (G-charges) translates location specific costs of 

capacity expansions into charges, which are imposed onto generators. But in 

contrast to upfront capacity related deep charges, generation charges may be 

collected in relation to energy fed into the grid. Therefore, in terms of financing 

generation facilities, g-charges appear preferential in relation to deep connection 

charges. Also, variations of the level of charges are smaller for the reason, that G-

charges affect all connected generators as against only connectees in the case of 

deep charging. As a consequence, financial uncertainties are reduced during the 

planning phase, while they are increased for the operational phase: Grid charges are 

being adopted on a regular timescale and apply to prospective as well as existing 

grid users. 

As of 2010, only a minority of European transmission grid operators apply location 

specific G-charges (ENTSOE, 2010): Great Britain, Ireland, Norway, Romania and 

Sweden allocate approximately 20-35% of aggregate transmission charges to 

generators, while considering differentiated costs of service under consideration of 

their location. 

When G-charges are collected in the form of yearly capacity related payments, 

operators of generation facilities characterised by a high utilisation rate benefit in 

terms of lower unit-costs [€/MWh] in comparison to operators of power plants 

                                            
20 As stated earlier, attributable incremental infrastructure costs may also be – in part or in full – 
passed on to generators in the form of use of system charges. As an example, approximately one third 
of these costs are passed on to offshore wind farm operators in the UK in the form of transmission 
charges.  
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characterised by a low number of full load hours, such as wind farms, photovoltaic 

installations and power plants, which are operated as peaking units. 

National Grid, the transmission system operator in England and Wales, applies G-

charges, which are based on the concept of long run incremental cost of capacity 

expansions. The implication of this concept will be discussed in more detail in chapter 

3.3.2. In the following, the implemented approach of determining differentiated 

transmission charges shall be introduced on the example of current UK regulation. 

This description follows the latest issue of The Statement of the Use of System 

Charging Methodology (National Grid, 2010) and CESI, 2003. 

3.2.3 Determining locational G-charges in the UK 

 
National Grid, the holder of the transmission license in Great Britain, is granted a 

yearly maximum allowed revenue by the regulatory authority Ofgem via its periodic 

transmission price control review (Ofgem, 2006) in return for installing, operating and 

maintaining the transmission system. Transmission network use of system charges 

are determined in a way that they reflect the costs of these activities and that they 

may recover the predefined maximum allowed revenue21. For this purpose, a 

transport model has been developed, which combines the identification of critically 

loaded infrastructure assets with the information of investment costs for upgrades of 

these elements.  

The transmission network use of system charge is composed of three elements: the 

first element – the transport tariff – reflects actual marginal costs of providing 

transmission services at different locations. The second, non-locational element – the 

residual tariff – comprises the residuum of necessary revenues in order that the TSO 

recovers the total maximum allowed revenue. The third element – the local tariff – 

reflects the costs of the local circuit and the local substation The most important in 

terms of regionally differentiated locational signals is the first mentioned component. 

  

                                            
21Connection charges contribute less than 10% of network use of system charges to the revenue of 
National Grid. The major part of connection charges is collected in addition to the maximum allowed 
revenue (post-vesting connections). Finally, balancing service use of system charges are strictly 
related to the incurred costs of keeping the electricity system in balance and maintaining quality and 
security of supply. 
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Deriving the locational signal of UK transmission charges  

In order to calculate the wider locational element of the transmission tariff a direct 

current load flow model of the transmission grid is calibrated to a situation of peak 

demand. National generation (contracted transmission entry capacities) is then 

scaled up in order to meet this demand. An optimisation algorithm is now applied to 

the existing topology of the network – assuming infinite capacities of all lines – in 

order to identify the most efficient network configuration. Efficiency is measured in 

terms of a cost related proxy: total MWkm. This measure represents the sum of the 

products of lengths and loadings of all lines of the network. Network lengths are 

adjusted by scaling factors in order to account for different types and capacities of 

cables and overhead lines in accordance with the existing infrastructure. 

This optimal peak load condition is then altered for a marginal injection at each node 

of the system and a corresponding offtake at a slack reference node in the centre of 

the system.  

The model then calculates the increase or decrease in kilometres of the transmission 

system for an increase of 1 MW capacity (MWkm) of the whole network in 

comparison to the optimised peak load condition. This difference represents the 

marginal costs of generation at each node of the system. 

Marginal costs for demand at each node are presumed to be equal and opposite to 

the respective number of MWkm of generation. It is assumed in this methodological 

framework, that larger increments have a proportional effect on the network. This 

assumption ignores the lumpiness of infrastructure upgrades. Further, the model 

allows only for existing routes to be reinforced based on existing technology. 

Nodes are then subsumed to 20 zones in the case of generation and 14 zones in the 

case of demand in order to support administrative simplicity and to establish a clear 

picture of economic incentives. These zones encompass geographically proximate 

nodes characterised by similar marginal costs22. 

Zonal marginal km are then derived as the weighted average of nodal km. Nodal 

generation or load capacities function as the respective weights. See Equation 3.1 for 

the calculation of zonal marginal km for generation. 

                                            
22 The spread of nodal marginal costs is less than £2.00/kW across the zone. 
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Equation 3.1 

ZMkmi   zonal marginal kilometres [km] 

NMkmj   nodal marginal kilometres [km] 

j   node 

k   number of nodes in generation zone i 

GZi    generation zone i 

Gj    generation entry capacity at node j [MW] 

Deriving the final local tariff 

A cost figure expressed in £/MW, the initial transport tariff, is derived from zonal 

marginal costs by multiplying by the so-called expansion constant and the locational 

security factor (compare Equation 3.6). The expansion constant, expressed in 

£/MWkm, represents the annuity of the transmission infrastructure capital investment, 

which is required to transport 1 MW over 1 km of an arbitrary 400kV overhead line. 

This cost figure is provided via an externally audited process including confidential 

information of TSOs. The parameters for calculating the annuity factor are a pre-tax 

rate of return of 6.65% and a life time of assets of 50 year (Ofgem, 2006). The 

locational security factor is derived from running the described direct current load flow 

model (transport model) under the assumption of circuit faults on the network. The 

average ratio between these secured nodal cost differentials and initial nodal 

marginal costs determines the locational security factor23. 

LSFECZMkmITT ii **=
    

Equation 3.2 

ITTi    initial transport tariff for each generation zone i [£/MW] 

ZMkmi   zonal marginal kilometres [km] 

EC    expansion constant [£/MWkm] 

LSF   locational security factor [1] 
                                            
23 In fact, the so called locational security factor is non-locational: “The locational onshore security 
factor derived for 2010/11 is 1.8 and is based on an average from a number of studies conducted by 
National Grid to account for future network developments. The security factor is reviewed for each 
price control period and fixed for the duration” (National Grid, 2010). 
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The initial transport tariff is then adjusted for a correction constant, which is added up 

to the marginal km of all generation zones, in order that the aggregate of transport 

tariffs on generation covers 27 % of overall collected transport tariffs24 (compare 

Equation 3.3 and Equation 3.5). 

( ) LSFECCZMkmCTT ii **+=
    

Equation 3.3 

CTTi    corrected transport tariff for generation zone i [£/MW] 

C    “generation/demand split” correction constant [km] 

 

Effective transmission network use of system charges are calculated as the sum of 

corrected transport tariffs, the residual tariff and local tariffs. The local tariff accounts 

for the costs of the local circuit and the local substation, while the residual tariff 

safeguards that TSOs are able to recover 100 % of the predefined revenue recovery 

target according to respective transmission price controls (Ofgem, 2006) (compare 

Equation 3.4 and Equation 3.5). 

1000
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Equation 3.4 

TNUOSj  effective transmission network use of system charge for 

generation at node j [£/kW] 

RT   residual tariff [£/MW] 

LTj    local tariff at node j [£/MW] 
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Equation 3.5 

Gj    generation entry capacity at node j [MW] 

n   number of generation zones 

m    total number of nodes 

TRRT    revenue recovery target for TNUoS [£] 
                                            
24 The correction constant is deducted from zonal marginal demand km in parallel. Transport tariffs on 
demand cover 73 % of the overall revenue from transport tariffs. 
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The derivation of transmission network use of system charges for demand follows an 

equivalent methodology as set out above for generation. 

 

Assessment of UK transmission charges as locational signals 

The UK methodology of determining TNUoS charges is aimed at providing stable 

economic signals for the siting of power plants and loads. Stability of charges is 

mainly enhanced by two characteristics (National Grid, 2010:  

Firstly, charges are fixed over a period of one year and major changes need to be 

given notice by the TSO well in advance. In addition, grid users are provided the load 

flow model as utilised by National Grid together with annual information on future 

pathways of the locational element. On this basis, grid customers are able to perform 

sensitivity analyses for specific grid upgrades as well as different scenarios for 

generation and load. 

Secondly, due to the zoning approach, tariffs are kept comparatively stable due to 

averaging out nodal oscillations in the development of loads and generation 

capacities. The composition of zones will only be revised in the exceptional case, that 

transmission charges can no longer be considered as reasonably cost-reflective. 

A negative side effect of this stabilising framework can be seen in the fact, that short 

term scarcities in the electricity infrastructure, such as temporal congestions due to 

power plant outages or wind generation peaks, do not influence the short term 

operation of power plants or demand patterns in the form of an economic decision of 

market actors25. The mechanism described in the following chapter is viewed upon 

as suitable to incorporate both short term as well as long term locational signals, i.e. 

influence both the siting and the operation of power plants (and loads). 

In the current charging mechanisms for transmission, losses are not allocated 

according to marginally effectuated power flows but averaged over generation and 

demand. This simplification results in cross subsidisation of remote generation and 

deters the economic efficiency of the locational signal (Cesi, 2003). Brunekreeft et al. 

                                            
25 Due to stability concerns, the system operator may curtail generation or call balancing capacities in 
such a case. 
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(2005) and references therein point out, that losses may be significant – reaching 

levels between 20-30 % for several transmission routes (in the US) – and therefore 

need to be accounted for. 

3.2.4 Nodal Pricing 

Locational signals for the short term operation of power plants, for the siting of 

demand and generation26 within the electricity grid as well as signals for the 

expansion of the electricity infrastructure may be implemented through the power 

market design of nodal pricing: This concept combines the organisation of the 

electricity wholesale market with the allocation of (scarce) transmission rights and 

also aspects of system operation (power plant dispatch). This concept relies on a 

simultaneous clearing of energy markets and the allocation of transmission capacity. 

A prerequisite of this market design is to model the electricity system in terms of its 

economic and technical specifications. Most important parameters comprise cost 

functions of generators, demand functions of consumers (demand elasticity) and 

available transport capacities. On the basis of this information, an optimisation 

algorithm calculates the welfare maximising dispatch of power plants under 

consideration of transmission constraints and electrical losses. This optimisation is 

performed by an independent system operator (ISO), which collects bids for 

generation and consumption of electricity and is in charge of clearing the market. In 

formal term, the ISO solves the following optimisation problem (Krause, 2005): 

( ) ( )
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26 It is questionable, if sufficient investment signals may be provided through locational marginal 
pricing in practice. This topic will be discussed in more detail in chapter 3.10.  
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dk   demand at node k 

gj   generation at node j 

B(dk)   benefit of consumers 

C(gj)   generation costs of producers 

gj
max   maximum generation capacity at node j 

zi   flow along line i 

zi
max   maximum permissible flow along line i 

The objective function according to Equation 3.6 demands that social welfare – the 

difference between consumers’ surplus and production costs – is maximised. This 

optimisation is subject to an overall energy balance (C1), as well as transmission 

(C2) and generation constraints (C3). 

The most important result of this method in economic terms is the attribution of 

separate power prices for each node of the system. These prices are calculated in 

the form of shadow prices, i.e. the change in costs for an incrementally demanded 

unit of electricity at the specific node in comparison to the state, which results from 

the original optimisation. These incremental costs comprise of marginal generation 

costs and marginal transmission costs.  

Nodal pricing – also referred to as locational marginal pricing – has been 

implemented in several electricity markets in North America (including the PJM 

market27) and New Zealand. These implementations demand additional provisions to 

be put in place, which guarantee cost recovery for the transmission infrastructure28 

and for incentivising generation investments via capacity payments (e.g. Crampton 

and Stoft, 2006). 

The introduction of nodal pricing into existing wholesale power markets has been 

mainly triggered by William Hogan’s academic contributions on the design of a bid-

based, security-constrained, economic dispatch with nodal prices (Hogan, 1992).  

                                            
27 Pennsylvania-New-Jersey-Maryland Interconnection 
28 When no congestions occur on any line for any marginal increment of demand at any node, no 
transmission costs would arise in the basic layout. Perez-Arriaga et al. (1995) demonstrate, that 
network tariffs, based on the concept of marginal pricing, fail to recover total incurred network costs in 
real world power systems. 
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Zonal pricing is a simplified version of nodal pricing characterised by several adjacent 

nodes being subsumed to zones of equal prices. Zonal pricing has been 

implemented in several electricity markets in the US and Canada including Midwest 

ISO, New England ISO and New York ISO (FERC, 2011). 

Both, nodal pricing and zonal pricing communicate efficient incentives for the location 

of generation (and load) to market actors. For the reason that these concepts 

constitute comprehensive electricity market designs rather than additive locational 

signals, they will not be further referred to in the following. Also, the introduction of 

locational marginal pricing into the European power markets would require the 

coordination of several different submarkets and the harmonisation of national market 

rules. The lack of a centralised European regulatory body retards such progress 

(Realisegrid, 2009). 

Di Castelnuovo (2010) finds as a result of modelling interactions of locational 

marginal pricing and renewable energy policy for the UK market that the introduction 

of nodal pricing would significantly deteriorate the profit of wind farms operators in 

comparison to uniform pricing. Considering that wind technology is likely to provide 

the largest contribution towards a future renewable target it is concluded that, at least 

in the UK, a locationally efficient network policy and a renewable policy are not 

compatible without further policy interventions. 

Brunekreeft et al. (2005) point out that locational marginal prices provide efficient 

economic signals for the short-run use of electricity infrastructure in terms of the 

dispatch-order of power plants and congestion management. At the same time, 

locational marginal prices fail to guide decisions on the location of power plants, as 

they reflect only short run marginal costs and not long run marginal costs related to 

the economic lifetime of new generation assets. Therefore – and for the reason of full 

cost recovery – Brunekreeft et al. suggest locational marginal pricing to be 

implemented together with deep connection charges. Doing so, special regulations 

for cost allocation need to account for indivisibilities and anticipatory over-build of 

capacity. 

The concept of geographically differentiated transmission charges, as previously 

introduced on the example of the UK, is comparable to zonal marginal pricing in 

terms of providing long term locational signals for the siting of power plants and 

loads. 
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3.2.5 Differentiated subsidies 

Instruments for the promotion of electricity generation from renewable energy 

sources may incorporate locational signals in terms of differentiated levels of subsidy 

or differentiated durations of the guaranteed period of support. 

With the help of this mechanism, different objectives may be pursued:  

The level of subsidies or the duration of support can be aligned to the economic 

value of an available resource at a specific site in order to offer potential generators a 

certain return on their investments and to avoid overfunding: It is common to most 

implemented support schemes, that different renewable energy technologies and 

different capacity ranges are remunerated different discrete levels of support. E.g. 

large scale wind generators in a certain electricity market will be remunerated one 

distinct tariff for their feed in or a certain number of green certificates. Within this 

support category, different installations are characterised by different numbers of full 

load hours. As a consequence, earnings are unequally distributed among generators, 

while their investment costs are equal. In order to avoid overfunding of projects, 

which are utilising most advantageous potentials, while at the same time providing 

sufficient support levels for the utilisation of inferior potentials, the duration of support 

can be curtailed for most attractive locations or extended for least attractive locations. 

Second, the installation of power plants can be incentivised to be more evenly 

distributed across a country, if the exploitation of less beneficial potentials is 

remunerated at a higher level. This target is mainly pursued in countries, where 

potentials are not strictly limited to certain locations but distributed across wider 

regions. 

While the first mentioned motivation for the introduction of differentiated subsidies is 

targeted at increasing the cost-effectiveness of renewable support schemes, the 

second goal is targeted at geographically dispersing renewable generation. This 

policy can contribute to increasing the social acceptance of electricity generation from 

renewable energy sources (“burden-sharing”). For a discussion of potential positive 

externalities of this policy see chapter 3.3.1.  

Differentiated subsidies for wind generation may entail an undesirable side effect: 

Wind farm investors may be incentivised to prefer turbine layouts for high winds over 

such for light winds, resulting in a small ratio between energy yield and rated 
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capacity, i.e. a small number of full load hours. Consequently, a comparable energy 

yield may be remunerated at higher tariffs, while production costs stay constant due 

to a trade-off between rotor diameters and rated generator capacities. Not only that 

this strategy negatively impacts the cost-effectiveness of support and raises producer 

surplus, it is, moreover, suited to further increase the peaks of wind power injection 

during regional high wind events and thereby decrease the market value of wind 

power (compare the effect of high shares of wind generation on electricity prices in 

Obersteiner et Saguan, 2009).  

3.2.6 Infrastructure policy and spatial planning 

Incentives for the location of electricity generation (and load) across a country’s 

territory may to an important extent be predefined through spatial planning and 

infrastructure policy. The main driver for executing this kind of ordinance policy is to 

share scarce land (and sea) resources among competing or conflicting interests. 

Secondly, energy policy goals can be pursued: Increasing the share of distributed 

generation contributes to security of supply and may limit the market power of 

incumbent utilities29.  

Conflicting interests of land use include the conservation of natural habitats and of 

wild life and fauna, recreation and tourism, defence policy, housing development, 

aviation and protection of residential areas. Ship transport and fishing add to this non 

exhaustive list of potentially conflicting interests for marine RES-E generation. 

The main limiting effects of spatial planning on the deployment of RES-E installation 

are the following: 

• Spatial planning excludes most RES-E generation technologies – with the 

exemption of building integrated and small scale PV – from residential and 

commercial areas and their surroundings.  

• Environmental protection limits in the first instance the deployment of hydro 

and wind power plants in sensitive regions. 

                                            
29 Provided that independent power producers – as against incumbent utilities – engage in the 
deployment of distributed generation. 
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• Rotating wind power plant blades may have disturbing effects on the 

observation capability of air defence radars. Therefore, installation may be 

prohibited in military sensitive regions. 

Spatial planning and infrastructure policy may – on the other hand – positively impact 

deployment of RES-technologies: 

• Priority deployment areas can be predefined by energy authorities in order to 

facilitate and accelerate the licensing procedure for RES-E installations. This 

type of locational signal is prevalently used for offshore wind technology 

developments30. As a result, potential conflicts with interest groups such as 

the shipping or fishing industry are settled prior to the project development 

phase.  

• Priority deployment areas may also be identified for wind onshore installations. 

Again, speeding up the realisation of projects is the aim of such policy. As an 

example, operators of onshore wind farms in priority deployment areas may be 

exempted from paying shallow grid connection charges. 

• Facilitation of grid connection for residential and commercial generation units 

may incentivise decentralised electricity production from RES, which is 

connected to the low voltage grid. Exemplarily, grid operators may be obliged 

to accept an existing grid connection point for consumption as a suitable 

connection point for micro scale generation31. 

3.3 Practical implementations of locational signals for RES-E 

In the following, most important practical implementations of locational signals, which 

discriminate RES-E generation, will be demonstrated on the basis of country studies 

for Germany and the UK. These two countries had implemented the most innovative 

regulatory mechanisms of all European countries up to the year 2010. Germany and 

the UK have also been chosen for the reason, that very ambitious renewable energy 

policies have been pursued in the past or have been put in place in order to meet the 

European renewable energy targets set out for the year 2020. Germany and the UK 

therefore can be viewed upon as role models not only with respect to a long-term 
                                            
30 E.g.: UK, Germany: see chapter 3.10 for details. 
31 The German Renewable Energy Act deems existing connection points as suitable grid access 
points for up to 30kW of generation capacity. See chapter 3.10 for details. 
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implementation of different renewable support schemes (feed in tariffs versus 

tradable green certificates) but also with respect to pioneering grid regulation 

mechanisms and infrastructure policies for the deployment of renewable energies. 

 

3.3.1 Locational signals for RES-E in Germany 

Germany’s track record in RES-E development is among the most impressive and 

successful in Europe. While historically this success is owed to a timely stable and 

economically favourable promotion mechanism, recent legislation strengthens 

transparency in the rules for RES-E grid access and tariffing of grid related services. 

Legislation on the promotion of renewable energy sources in Germany dates to the 

year 1991. In 2000 the renewable energy act (EEG) was put in place and amended 

in 2004 as well as in 2009. The German design of a national promotion scheme 

acted as a role-model, which was copied by many countries. 

 
Shallow connection charging 

In general, regulations for access to the grid define a strictly shallow approach for 

connection cost allocation: Plant operators have to bear costs for the – immediate 

and priority - connection of the power plant to the nearest connection point providing 

sufficient voltage levels. In case of necessary reinforcements or extensions for using 

this connection point, grid operators have to bear corresponding costs or extra costs 

for the connection to a more distant location and are able to socialise these costs via 

grid tariffs.  

 

Incentives for distributed generation – the case of micro scale generation: 

The German Renewable Energy Act (EEG, 2008) defines favourable grid access 

conditions for small scale generation in residential and commercial areas. Already 

existing grid connection points of any plot of land are deemed suitable to 

accommodate a maximum capacity of 30 kW renewable electricity generation. 

This provision incentivises distributed generation in the proximity of loads and has the 

potential to affect grid operation, reinforcement measures of distribution grids and 

grid topology planning. Since distribution grids have been designed as a top-down 
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unidirectional system, enhanced distributed feed in and according bi-directional load 

flows may necessitate the installation of advanced control mechanisms in order to 

guarantee security of supply and power quality. Resulting additional costs will have to 

be charged in future distribution tariffs. 

The German regulation for integrating micro-scale generation into the electricity grid 

represents a locational signal for dispersed generation. This signal does not primarily 

constitute an incentive for cost-effective siting of generators in the grid but for 

promoting small scale low-carbon or carbon–free generation technologies. While for 

low penetration rates of distributed generation, system costs in distribution networks 

can be reduced, higher shares – above 15-20% of local demand – are causing higher 

capital and operational expenditures for distribution system operators (compare Frias 

et al. (2009)). The discussed policy is suitable to attract private willingness to invest 

in addition to the financing sources of large scale renewable projects. 

 

Spatial planning and super shallow charging – the case of offshore wind power: 

Planning, construction, operation and financing of offshore wind transmission 

infrastructure in Germany are determined by a super shallow connection approach, 

as described in the Energy Industry Act (EnWG, 2005): Transmission system 

operators are obliged to construct transmission infrastructure linking offshore 

substations to technically and economically best suitable connection points in their 

onshore grid. Offshore transmission lines need to be operational at the time of 

offshore wind farms being in an operating state. Respective costs including operation 

costs are attributed to TSOs and are regarded eligible costs to be socialised via grid 

tariffs. This exemption from offshore transmission investments is applicable for wind 

farms, for which construction has started before end of 2015.  

The described mechanism provides economic incentives for the utilisation of 

favourable but remote wind sources at sea: In comparison to other technologies, 

including onshore wind, offshore wind power is treated preferentially, as it is exempt 

from infrastructure investments to a large extent. The objective of this regulation is to 

streamline planning procedures, to remove investment reluctance in offshore wind 
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projects against the background of ambitious deployment goals32 and to accelerate 

realisation of projects. Additionally, cost-effectiveness shall be maintained through 

coordinated connection planning in comparison to individual approaches such as 

parallel submarine infrastructure33. 

Preferential offshore deployment zones have been designated via a Federal Spatial 

Planning Act and constitute a primary locational signal (compare AWZ Nordsee ROV 

(2009) and AWZ Ostsee ROV (2009)). Electricity generation is given priority in 

several deployment zones, while any other maritime utilisation, such as shipping, 

fishing and military purposes is excluded – if not compatible with offshore wind 

installations. 

Feed-in-tariffs for offshore wind energy are dependent on the site’s distance to shore 

and depth of the sea. With increasing distances and depths the duration for which an 

increased remuneration can be obtained is extended. This mechanism encourages 

the installation of remote offshore wind farms in deep water. The support period is 

extended by 0.5 months for each nautical mile exceeding a distance of 20 nautical 

miles to shore and by 1.7 months for each meter of water depth exceeding a depth of 

20 metres. 

Similar to the provisions for micro-scale connections, the described locational signals 

for offshore wind power are not primarily targeted at reducing overall system costs of 

the electricity infrastructure but are supporting national renewable energy policy 

goals. When it became obvious, that actual offshore installations had fallen short 

against policy targets, offshore grid connection has been identified as a major 

economic barrier for investors. Obliging transmission system operators to provide 

according connections has been found a suitable solution of overcoming this barrier. 

Still, anticipating a certain level of offshore wind deployment, the described super 

shallow connection charging mechanism may be capable of improving cost-

effectiveness in comparison to a situation where individual project developers are 

                                            
32 An offshore wind position paper of the German government from 2002 states different deployment 
goals for offshore wind capacity for different time frames: 0,5 GW until 2005, 2-3 GW until 2010 and 
20-25 GW until 2030. At the beginning of 2013 total German offshore wind capacity amounted to 
approximately 280 MW (EWEA, 2013). 
33 The German Energy Authority Dena figuratively describes this system-planning approach as 
transforming “Cable spaghetti” into “offshore networks” (Dena (2009).  
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imposed the responsibility for constructing and operating offshore transmission 

infrastructures34.  

 

Incentives for a more even geographical distribution of generation facilities – the case 

of onshore wind power: 

The German promotion system for onshore wind power incorporates a mechanism, 

which partly levels out expected returns of onshore wind farm operators. In principle, 

electricity feed in from wind farms characterized by low full load hours is remunerated 

for a longer period in comparison to the feed in from wind farms at a more favourable 

location. For every 0.75% the actual installation’s energy yield is expected to fall 

short in comparison to the 1.5-fold yield of an arbitrary installation at a reference site, 

which is characterised by unfavourable wind conditions35, the initial duration of 

support of 5 years is extended by 2 months.  

Again, other goals than maximising cost-effectiveness in wind deployment are being 

pursued by such policy. The following targets may be aimed at with this approach:  

• The profitability of wind farms, which are characterized by differently 

advantageous wind conditions, is partly36 evened out. Therefore, returns, 

which may be denominated as excessive, can be prevented and public 

concerns regarding the spending of consumers’ money can be impeded. 

• Positive externalities of utilising wind power are spread over a larger 

geographic area. This includes labour effects of planning, installing and 

maintaining wind farms as well as financial returns of land owners and local 

investors. As a consequence, social acceptance of onshore wind farms can be 

improved. 

Evening out the distribution of wind farms also in cases, where wind resources are 

geographically concentrated, may support cost-effectiveness with regard to grid 
                                            
34 Not constituting a locational signal but as well regarded as a measure to advance offshore 
developments in Germany, a one-stop-shop process for obtaining all permits necessary for the 
erection of an offshore wind farm has been introduced in Germany (Offshore-structures enactment, 
2012). 
35 According to the EEG (2008), “the reference site shall be a site determined by means of a Rayleigh 
distribution with a mean annual wind speed of 5.5 metres per second at a height of 30 metres above 
ground level, a logarithmic wind shear profile and a roughness length of 0.1 metres”. 
36 Benefits are not fully evened out in order to retain a slight economic incentive. 
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extensions: Whereas the grid connection of a certain capacity in a region with 

preferential wind conditions might necessitate the upgrade of transmission lines, the 

same capacity might be accommodated by the existing infrastructure without 

upgrades, if it was (partly) connected in regions with less preferential wind conditions. 

 

3.3.2 Locational signals for RES-E in the United Kingdom 

While Germany has put into practice an acknowledged role-model for the promotion 

of RES-E, the UK has taken a pioneering role in the liberalisation of the electricity 

industry and – consecutively – the regulation of electricity grid operation.  

The UK’s electricity industry was among the first to be liberalised and restructured in 

the form of a pool arrangement in 1990 (covering the electricity markets of England 

and Wales in the first instance) (Newbery, 2005). Already in 1990, a price-cap 

regulation has been put in place by the government and executed by the Department 

of Energy (Jamasb, 2007), which incentivized cost reductions. Consecutive price 

controls increased the pressure for cost reductions in the operation of (distribution) 

grids. The UK is also among the few countries having put into practice a 

geographically differentiated tariff scheme for the usage of the transmission grid.  

Also, a common (as against to project specific) and innovative regime for the 

regulation of offshore transmission infrastructure has been put in place, which 

positively discriminates offshore wind operators in terms of financing efforts. 

Finally, distributed generation is incentivized through several special provisions in the 

regulation framework for distribution grid operators. 

 

Shallow connection charging 

In 2005, the regulation and charging regime of distribution grids has been changed 

fundamentally (Ofgem, 2004a). A shallow connection charging arrangement has 

been put in place for generation. Since then, a common connection boundary has 

been introduced across generation and demand. Until then, distributed generators 

have been charged the full cost of work including upgrades of existing equipment, 

while demand customers only had to cover costs of assets specifically required for 

their connection (dti, 2006). Additionally, competition for the technical provision of 
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connections to the distribution grid is initiated and criteria for non-discriminatory 

access to information on the point of connection are established. 

Shallow connection charging can be viewed upon as a policy, which favourably treats 

electricity generation from RES in remote regions. The reason for implementation, 

still, may be rather identified in securing non-discrimination of connectees. Negative 

side effects such as non-cost-effective siting of generators are attributed minor 

importance. 

 

Geographically differentiated transmission network use of system charges: 

In the UK, the costs for the installation, operation and maintenance of the 

transmission infrastructure are being recovered via geographically differentiated 

transmission network use of system charges. Around 27% of these costs are borne 

by generators. These G-charges are calculated on the basis of a DC-load-flow 

investment cost related transport model for each node of the transmission grid. The 

model aims at determining the marginal costs of investment in the transmission 

system, which would be made necessary by transmission system customers, who 

incrementally increase or decrease the load at different locations at times of peak 

demand (National Grid (2010) and CESI (2003)). Incremental costs may be negative 

or positive and are equal and opposite for generation and demand at one specific 

node. Incremental costs resulting from this transport model are eventually scaled by 

the use of a tariff model in order that collected charges both fulfil the demanded 

shares of generation versus demand coverage and the overall recovery of allowed 

revenues. 

Figure 3.5 provides an overview over effective zonal transmission charges for 

generation and demand. 
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Figure 3.5  Overview over differentiated transmission charges for generation and 
load in the UK  
Source: own illustration based on National Grid (2010). 

Geographically differentiated transmission network use of system charges heavily 

influence the economics of electricity generation from remote renewable sources, 

such as wind energy in Scotland. The magnitude of this effect shall be roughly 

estimated on the basis of the following calculation: We assume an advantageous 

number of full load hours of 3000 for a wind power plant situated in Northern 

Scotland37 and a wind farm located in Wales for comparison. While for the first wind 

farm a yearly zonal generation tariff of approximately 20.6 £/kW is applicable, the 

respective transmission charge for the Welsh wind farm is approximately £-5.4/kW. A 

difference of £26,000/MW of yearly transmission charges results. If we further 

assume, that generation costs are solely dependent on the installed capacity and are 

equal for both considered sites and that wind farm operators can gain a total revenue 

                                            
37 Rough estimates on the range of potential full load hours derived from the online wind energy 
manual of the Danish Wind Power Association http://guidedtour.windpower.org/.  
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of £80/MWh38 (Ernst & Young, 2009), then the Welsh wind farm would outperform 

the Scottish in economic terms, unless it fell below 2675 hours of yearly full load 

operation. 

 

Transmission Investment for Renewable Generation – TIRG 

In 2004, the British energy regulatory authority Ofgem approved a mechanism, which 

is designed to fund transmission investments for renewable generation (TIRG-

mechanism). Initially, Ofgem approved funding of £560m for specific transmission 

reinforcement projects under this scheme up to the year 2007. In the price control 

review of 2007, £4.6bn have been approved for a regulatory period of 5 years (2007-

2012) The allowed costs of capital of TIRG projects are set at 8.8% pre-tax (Ofgem 

2004b and Ofgem 2006). Measures include maintenance and replacement of existing 

assets as well as the connection of new generators. Expenditures approved under 

the TIRG scheme increase the maximum allowed revenue, which is set through the 

price control. Consequently, according costs may be passed through into 

transmission tariffs for load and generation. 

This measure is primarily targeted at facilitating the connection of Scottish wind 

generation. Therefore it can be classified as a locational signal to promote remote 

renewable generation. 

 
Incentives for distributed generation 

Electricity distribution price control reviews are setting the framework of incentive 

regulation of DSOs for the period of 5 years in the UK. The review, which has been 

put in place in 2005 (Ofgem, 2004a), incorporates important innovations for the 

regulatory treatment of costs induced by increasing levels of distributed generation: 

The applied incentive mechanism allows for additional revenues to be recovered via 

charges, if DSOs enable low carbon and energy saving developments to connect to 

their networks. The regulatory mechanism provides for the following: 

                                            
38 Including revenues from selling electricity to the wholesale market, from the Renewable Obligation 
Certificate as well as from tax benefits. 
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• 80% of relevant costs for the connection of distributed generation can be 

passed through into distribution tariffs. These costs are socialised and directly 

increase the maximum allowed revenue of DSOs. 

• Additional revenues can be generated by the DSO through supplementary 

yearly capacity allowances (£2.5/kW) as well as supplementary allowance on 

exported energy (£0.002/kWh). 

The introduction of so-called Registered Power Zones was intended to incentivise the 

introduction of innovative technical solutions for the integration of distributed 

generators into the electricity grid. Additional capacity related yearly incentives have 

been implemented, which increase the revenue allowance over a 5 years period. This 

measure turned out to be less effective in practice (Weissensteiner et al., 2008). The 

Innovation Funding Incentive (IFI), also introduced in 2005 (Ofgem, 2004a), was 

targeted at incentivising research and development projects in the field of distribution 

system asset management. DNOs are allowed to spend up to 0.5% of regulated 

maximum revenues on R&D projects at a pass-through rate of up to 90%. 

The latest distribution price control review (Ofgem, 2009b) stipulates the installation 

of a £500m fund (Low Carbon Network Fund) to encourage technical adaptations of 

existing networks in order to cope with the challenges of a future low carbon 

economy. Projects need a minimum financing of 10% by DSOs. A certain share of 

available funds will be allocated directly to projects of each DSO (subject to 

successful implementation) while the majority of the fund is subject to competitive 

project proposal by different DSOs.  

As a result of OFGEM’s extensive review of energy network regulation (the  

RPI-X@20 – process) the future pathway of transmission and distribution grid 

regulation in Great Britain has been set out in the form of the so-called “RIIO” model 

(Revenue = Incentives + Innovation + Outputs) (Ofgem (2010)). This regulation 

model will strengthen and extend existing incentives for innovation in distribution (and 

transmission) grids, such as the low carbon network fund. 

From an energy policy point of view incentives for the connection of distributed 

generation to the electricity grid are mainly driven by renewable energy policy. At the 

same time, however, this mechanism can be interpreted as a locational signal to 

promote the deployment of distributed low carbon technologies 
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Incentives for micro scale generation 

Low-carbon domestic-scale microgeneration up to 50 kW capacity39 is treated 

preferentially in terms of regulatory arrangements: Many regulations stipulate de 

minimis exemptions meaning that microgeneration is subject to simplified and 

preferential regulation. Examples include the following: 

• All microgeneration installations are exempt from the obligation to hold a 

generation licence. As a consequence, generators do not need to comply with 

several industry codes and fewer obligations to the national system operator 

apply. 

• Microgeneration is exempt from the obligation to pay use of system charges 

for the distribution grid. 

• Microgeneration is exempt from the obligation of half-hourly metering in order 

to export excess generation to the public grid. 

• No consent from DSOs is needed for the connection of domestic scale 

microgeneration to the public grid. A detailed connection standard for installers 

applies. 

Further benefits are connected to preferential treatment of micro scale generation in 

the course of UK RES support scheme40.  

Mentioned regulations – or rather exemptions from existing regulations – incentivise 

distributed micro scale generation regardless of the location of installations. Similar to 

the corresponding regulations in Germany (compare the previous chapter) the 

possibility to charge deep connection costs and to delay connections is avoided. 

 

  

                                            
39 Domestic scale microgeneration is defined as small-scale production of electricity or combined heat 
and power rated up to 16 amperes per phase, single or multiphase, at 230 or 400 Volt AC. 
Technologies include small scale photovoltaic (PV) arrays, micro-hydro generation, small wind 
generators and domestic scale Combined Heat and Power (DCHP) equipment. 
40 Whereas the UK supports RES-E via a quota system with tradable green certificates, 
microgeneration benefits from a feed in tariff scheme. 
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Licensing of offshore wind deployment sites and offshore transmission charging 

The UK is the leading country in terms of installed offshore wind capacity (2.95 GW 

at end 2012) and also is home to the world’s largest offshore wind farm (London 

Array wind farm, 650 MW)41. The UK government together with the UK regulatory 

authority for energy have put in place pioneering arrangements for the realisation of a 

highly ambitious energy policy with regard to the utilisation of offshore wind energy. 

The UK government set the target of expanding offshore wind generation capacity up 

to 33 GW by 2020 (BERR, 2007)42. This capacity is expected to require £15bn of 

transmission grid investments (Ofgem, 2009a). Cornerstones of this policy are a 

licensing programme for preselected offshore wind farm locations and a super-

shallow offshore transmission charging regime. 

While in the first round of offshore wind developments in the year 2000 prospective 

developers could choose locations for their project applications, in the following 

rounds (Rounds 2 and 3 and Scottish Waters) the Crown Estate43 invited for 

competitive bidding for predefined deployment zones. Similar to the German case, 

these zones comprised the result of spatial planning: So-called strategic 

environmental assessments (SEA) have been carried out in order to analyse the 

impact of the installation and operation of offshore wind farms and submarine cables 

on marine wildlife and to evaluate competitive interactions with commerce (mainly 

fishery, shipping and oil & gas exploration) as well as recreation (visual impact), civil 

aviation and defence.  

Until 2009, offshore wind farm developers in the UK needed to finance their offshore 

transmission infrastructure at their cost of capital over the project lifetime. In 2009, a 

new regulation for offshore transmission has been put in place (Energy Act, 2004 and 

Ofgem, 2009a), which introduces a super-shallow charging concept: The system 

boundary between generation and grid operation has been defined as the low 

voltage busbar of the offshore substation. Ofgem is running tenders for the provision 

                                            
41 EWEA, 2013.  
42 Ofgem is expecting up to 48 GW offshore wind capacity to be installed by 2020 according to latest 
presentations of representatives of the authority.  
43 The UK’s Crown Estate is a public property portfolio, which among urban and rural property and 
corporate holdings owns the seabed around the UK out to the 12 nautical mile territorial limit. The 
Crown Estate holds the rights to explore and utilise the natural resources of the UK continental shelf 
including the lease of renewable energy generation (Source: Crown Estate website 
www.thecrownestate.co.uk)  

http://www.thecrownestate.co.uk/
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of the offshore transmission infrastructure. For new projects (enduring regime) this 

includes the design, financing, construction, operation and ownership of respective 

assets44. Successful bidders are granted a regulated revenue stream over a period of 

20 years. This revenue stream is independent from actual offshore wind electricity 

production and is paid by the system operator National Grid Electricity Transmission. 

In return, wind farm operators pay transmission network use of system charges to the 

system operator: Comparable to the onshore transmission charging framework, the 

determination of offshore transmission charges is based on an approach of 

incremental investment costs, 73% of which are attributed to consumers and 27% of 

which are attributed to wind farm operators. Consequently, offshore wind farm 

operators are designated to recover less than one third of the costs, which result from 

reinforcing the existing onshore transmission infrastructure and building new offshore 

connections. 

The UK regulatory regime for offshore wind incorporates strong locational signals for 

the deployment of this renewable energy technology. Through spatial planning 

exclusive deployment zones are identified. As a result, planning and licensing 

activities, which would otherwise need to be carried out by project developers, are 

anticipated to a large extent. Second, super shallow connection charging facilitates 

financing of offshore wind farms and therefore comprises a strong economic 

incentive for offshore wind. 

3.4 Discussion and Conclusions 

3.4.1  Inter-temporal aspects of locational signals 

The long term stability of locational signals is crucial with respect to their ability to 

establish trustful investment signals. It has already been set out on the example of 

the British transmission charging approach (compare chapter 3.2.2.4) how stability 

can be sustained through different mechanisms. Still, due to the long life times of 

electricity infrastructure assets on the one hand and power plants on the other hand, 

both in the range of several decades, and due to high sunk costs of investments of 
                                            
44 The so called transitional tendering regime covers infrastructures of projects in operation or under 
construction. In this case, successful transmission owners purchase transmission assets from 
developers and then finance and maintain the assets over a twenty year revenue stream period. 
According to information from Ofgem’s website (Ofgem.gov.uk, 2012), transitional tenders for Rounds 
I and II projects have been in progress in June 2012, while enduring tenders were still in the process 
of implementation. 
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energy intensive industries – in addition to long investment cycles, the adequacy of 

the time constants inherent to various locational signals is questionable: It is, e.g., 

evident, that an additional installation of a significant load in a region characterised 

by a generation deficit and weak interconnections will induce an infrastructure 

upgrade. Consequently, a cost-reflective charging approach will attribute resulting 

costs to the grid customers of the respective node or zone. The question arises, if all 

customers shall bear these costs or only those, who have provoked grid 

enhancements. Olmos et Perez-Arriaga (2009) state that “most methods to compute 

tariffs are unable to discriminate between existing and new generators and loads in 

order to identify those responsible for the installation of transmission reinforcements. 

These methods are only capable of determining the expected extent of use of each 

line by each generator [...] for a given scenario of operation, regardless of the time 

when this generator [...] was installed. [...] In broad terms, the relative contribution of 

new or recent generators [...] to the recovery of the costs of new or recent lines must 

be higher than their relative contribution to these lines’ flows would indicate [...]”. Vice 

versa, the contribution of users, who have been connected prior to recent 

infrastructure upgrades, should be smaller than what could be expected from their 

relative grid utilisation.  

Brunekreft et al. (2005) mention uncertainty of future locational marginal prices as a 

decisive risk for locating new power plants and therefore as one major problem of 

locational marginal pricing. Above this, the lumpiness of investments may also lead to 

a situation, where economic signals are not continuously developing according to 

marginal changes of critical load flows, but may deviate strongly from the historical 

average. 

Other described locational signals such as different approaches of connection 

charging, differentiated subsidies or infrastructure policy and spatial planning provide 

stable signals for investors for the reason that these are characterised by one time 

payments or a guaranteed period of validity. 
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3.4.2 The impact of locational signals on the costs of RES-E 
deployment 

Locational signals such as geographically differentiated connection charges and use 

of system charges impact the supply curve for electricity generation. These impacts 

are even more severe for RES-E generation in comparison to conventional 

generation due to the following reasons:  

• Capacities of RES-E plants are still small in relation to conventional 

generation; as a consequence, specific connection costs are comparatively 

high45. As most regulatory regimes attribute grid connection costs to 

generators, these add to the long run costs of electricity generation. 

• Renewable energy sources are converted into electricity at the location of 

provenance – primarily remote to load centres46. As a consequence, locational 

signals in the form of differentiated use of system charges for generation 

negatively affect the competitiveness of renewable generation in comparison 

to thermal generation located closer to load centres.  

• RES-E generation from wind or PV is characterised by low FLH in comparison 

to thermal electricity generation technologies. If grid charges include locational 

signals and are related to the capacity of generators – as is e.g. the case in 

GB, electricity from wind and PV is attributed a relatively high share of grid 

charges in energetic terms.  

For energy policy reasons, RES-E generation receives different forms of support, 

eventually in the form of transfers from electricity consumers to generators. For the 

reasons mentioned above, locational signals have the potential to disproportionately 

increase the long run generation costs of RES-E and consequently also the volume 

of public transfers. 

It has to be analysed in detail, if positive discrimination of RES-E generation, such as 

exemptions from grid charges, can lead to improvements of cost-effectiveness from 

                                            
45 By the end of 2012, only 3 offshore wind farms with a nameplate-capacity greater than 300 MW 
were installed. 
46 Biomass as a power plant fuel may be transported from peripheral regions to load centres for 
electricity. But due to relatively high variable costs for railway and road transport and high fixed costs 
of ship transport and due to the relatively low caloric value of biomass fuels such as wood chips and 
straw the location of biomass combustion plants is limited in economic terms to the vicinity of the 
biomass potential. See Kumar et al. (2003) and Searcy et al. (2007). 



Locational Signals for the Integration of RES-E 

-58- 

consumers’ perspective. It will be demonstrated in chapter 4, that a regulatory policy, 

which exempts offshore wind generators from paying for the grid connection 

infrastructure, can lead to overall savings of transfer costs. 

RES-E promotion schemes may explicitly exempt RES-E generators from charges 

related to locational signals. In such a case energy policy objectives are given priority 

over the objective to maintain economic efficiency in grid infrastructure 

enhancements. As has been set out on the basis of exemplary country case studies 

in this chapter, such locational signals may be targeted at evenly distributing positive 

and negative externalities of RES installations across the country. Positive 

externalities will in most cases be linked to direct and indirect economic returns, while 

negative externalities may encompass negative optical and acoustical impacts of 

power plants. Other exemptions may be targeted at supporting the starting off of 

novel technologies and installations, which are connected to higher risks and high 

financing efforts such as offshore wind.  

 

3.4.3 Preliminary Conclusions 

It is evident, that in the context of locational signals, different energy policy goals are 

potentially conflicting: The aim of sustaining cost-effectiveness in the extension of the 

electricity supply infrastructure (electricity grid and generation capacity) is in conflict 

with ambitious RES-E development policies, if these imply the costly connection of 

remote renewable energy potentials. Also, the implementation of a costs-by-cause 

principle for the charging of grid connections (deep or shallow connection charging) 

has the potential to conflict with the principle of sustaining cost-effectiveness of 

support. This topic will be dealt with in detail in the following chapter. 

From a historic perspective, additional RES-E generation appears to be 

disadvantaged by currently implemented electricity market regulations: Unbundling 

and cost-reflective grid charges are impairing the competitiveness of RES-E 

generation in comparison to generation units, which originate from a pre-liberalised 

and pre-unbundled era of electricity supply. Evidently, it would not have been 

possible to deploy some part of this capacity, if locational signals in the form of cost 

reflective grid connection charges or transmission network use-of-system charges 

had been implemented at the time of investment. 
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Positive discrimination of RES-E generation in the application of locational signals is 

suggested by European legislation (EC, 2009a) and put into force by several Member 

States, as has been exemplarily set out in this chapter for Germany and the UK.  

The plans for the development of offshore wind energy in the UK are highly ambitious 

and the progress so far is the most advanced in the world. It is questionable, 

however, to which extent this success is owed to the elaborate approach of grid 

regulation with this respect. As for Germany, the kick-off of offshore wind 

developments seems to have been strongly triggered by a super-shallow connection 

charging regime. 

In general terms, it will be of crucial importance for the future evolvement of RES-E 

that respective support policies are not countervailed by supplementing energy 

policies such as strictly cost reflective grid charging methodologies.  

Planning processes incorporate the potential to overcome the dilemma of inter-

temporal effects, which might arise in the presence of geographically differentiated 

transmission network use-of-system charges on the one hand and the availability of 

favourable potentials, which would be too costly to connect from the viewpoint of first 

movers, on the other hand. In such case, cost-effectiveness may suffer from static 

(as against forward-looking) cost-reflective charging mechanisms, if no interference 

through a planning approach took place. 

 



Offshore wind power transmission and the cost-effectiveness of support 

-60- 

4 Offshore wind power transmission and the cost-
effectiveness of support 

A concise version of this chapter has been published in Weissensteiner et al. (2011). We 

gratefully acknowledge the support of co-authors, valuable suggestions for improvement by 

anonymous reviewers and helpful comments of colleagues. In comparison to the paper, this 

chapter has been streamlined with the overall contents of this dissertation in order to 

minimise replications on the one hand and to provide additional background where deemed 

helpful on the other hand. Still, its structure has been preserved in terms that it shall provide 

a closed argumentation. 

In the preceding chapter different regulatory instruments have been categorized, 

introduced and critically discussed, which set incentives (or disincentives) for the 

location of RES-E facilities within the existing electricity infrastructure. It has been 

emphasized, that grid connection charging may have an important impact on the 

location of RES-E plants. In the following, the effect of different attribution 

mechanisms of grid connection costs on total costs of RES-E support schemes will 

be elaborated in detail: Chapter 4 highlights one topic of infrastructure regulation, 

which is deemed decisive with respect to the cost effectiveness of RES-E policies: it 

will be demonstrated, that the attribution of the costs for grid connection of RES-E 

plants (to either generators or regulated grid operators) has a significant impact on 

total transfer costs from the viewpoint of electricity consumers. Even if the focus lies 

on the grid connection of offshore wind power plants, general conclusions may be 

transferred to other RES-E technologies. 

After an introduction into the topic of offshore wind grid connections and existing 

mechanisms for attributing corresponding costs – and after defining the research 

question of this chapter – a formal approach of comparing the cost effectiveness of 

attribution mechanisms from consumers’ perspective will be developed.  

On this basis, the preconditions for cost reductions due to a change of the attribution 

mechanism for grid connection costs are discussed qualitatively. 

Subsequently, this approach is applied to the deployment strategy for offshore wind 

energy in the UK: After developing a simplified supply curve of electricity from 

Rounds II and III offshore wind farms, potential cost savings for the support of this 

development will be quantified. 
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After a critical discussion of the validity of assumptions, preliminary conclusions will 

be drawn from the derived qualitative and quantitative results. 

Figure 4.1 provides a graphical representation of the structure of this chapter as set 

out in the previous paragraphs. 

 

Figure 4.1: Overview over chapter 4 

4.1 Introduction 

Public support for electricity generation from renewable energy sources is commonly 

funded by non-voluntary transfers from electricity consumers to producers. 

Apparently, the cost-effective disposition of funds in terms of induced capacity 

deployment has to be regarded a key criterion for the success of renewable energy 

policy. 

Grid connection costs are a major cost component in the utilisation of offshore wind 

energy for electricity generation. In this chapter, the effect of different attribution 

mechanisms of these costs on overall cost-effectiveness from consumers’ 

perspective is analysed. 
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The major result of this investigation is that an attribution of grid connection costs to 

grid operators – as against to generators – leads to a smaller producer surplus and, 

hence, to lower transfer costs for electricity consumers. Applying this approach to the 

deployment of UK Round II and III offshore wind farms could lead to annual savings 

of social transfers of £1.2b and an equal reduction of producer surplus. This amount 

would be sufficient to finance the deployment of additional 10 % of the capacity under 

consideration. 

4.1.1 Motivation 

Connection of power plants to electricity grids has not led to disputes concerning the 

attribution of corresponding costs as long as the value chain of energy service 

provision had not been unbundled. From the viewpoint of a vertically integrated firm 

these costs simply added to the long run costs of electricity supply. Since then, 

particularly the deployment of renewable energy sources for electricity generation 

(RES-E) has raised the question where exactly to define the boundary of 

responsibilities between generators and grid operators and whom to attribute the 

costs of connecting power plants to the grid. 

Unbundling of the electricity industry in the member states of the European Union – 

triggered by the directive 2003/5447 of the European Commission (EC, 2003) on the 

internal market for electricity – was intended to separate potentially competitive 

segments of this value chain – generation and supply – from the natural monopoly of 

electricity grid operation. Implementation of this directive into national regulation has 

led to a variety of interpretations of the attribution of responsibilities between grid 

operators and generators. Especially for the attribution of grid connection costs and 

grid reinforcement costs different practices coexist: 

• Super-shallow system integration: this approach limits generation investments 

to the actual power plant, attributing already the costs for grid connection to 

the grid operator. 

• Shallow system integration: this charging practice attributes grid connection 

costs to generators, while grid operators bear the costs of necessary grid 

reinforcements.  

                                            
47 The latest revision of this directive stems from 2009 (EC, 2009b). 
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• Deep system integration: according to this approach generators are charged 

for grid reinforcements in addition to the costs for the direct connection line. 

Hybrid charging methodologies – subsuming elements of more than one of above 

mentioned practices – add to the variety of regulations currently implemented in 

different European electricity markets. Table 0.1 in the appendix presents an 

overview of currently implemented policies for the attribution of RES-E integration 

costs in selected European countries. Subsuming this overview, grid connection 

costs are attributed to producers in most countries, with exceptions for offshore wind, 

while grid reinforcement costs are attributed to producers and grid operators in half-

and-half cases. 

In this context, it has to be stressed that reduced expenditures for one party (e.g. 

wind farm operators) lead to – not necessarily proportional – additional costs for the 

other party (e.g. grid operators). Eventually, both parties will pass over their costs to 

consumers. Hence, such configurations have to be found in the attribution of duties, 

which keep the costs for reaching a certain renewable energy policy target and thus 

the quantity of public transfers to a minimum. In the presence of public support, this 

requirement implies a political dimension.  

The postulate of maintaining cost-effectiveness in the support of RES-E presumes a 

normative motivation: The minimisation of consumers’ transfers is given priority over 

the maximisation of the producers’ surplus. 

 

4.1.2 Research question 

In the presence of public support for electricity production from renewable energy 

sources the question of cost-effectiveness from consumers’ perspective for 

effectuating a certain deployment of renewable generation arises. The utilisation of 

wind power and offshore wind power in particular requires high specific investments 

into the connection of these power plants to the existing electricity networks. These 

costs are eventually socialised among electricity consumers.  

On this background, the core question addressed in this chapter is as follows: 

• What effects do different initial attributions of grid connection costs of offshore 

wind power to either grid operators or generators impose on the respective 

costs of support (transfer costs to be finally paid by electricity customers)? 
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4.2 Background 

Integration of power plants into the electricity grid infrastructure is commonly 

distinguished into grid connection and grid reinforcement. 

Grid connection relates to the installation of additional equipment following the 

switchgears at the voltage level of the generator and before the connection point in 

the existing grid. Depending on the type and scale of the power plant and the applied 

transmission technology and transmission distance, grid connection may include 

converters, transformers, substations, connecting cables or overhead lines as well as 

power system protection and power quality equipment. According costs of these 

infrastructure elements can be easily quantified and attributed to a single originator48.  

Grid connection costs mainly depend on the distance to the connection point and the 

type of terrain to be crossed as well as on the voltage level of connection, the 

availability of infrastructure such as transformer stations or substations and on the 

technical requirements as defined in national regulations. Consequently, connection 

costs may account for a marginal share of total investment costs for e.g. building 

integrated photovoltaic systems or a prominent share for e.g. offshore wind farms 

(compare Swider et al. (2008) and Figure 4.2 below).  

 

 

Figure 4.2: Bandwidth of the share of grid connection costs in total investment costs. 
Source: Swider et al. (2008) 

                                            
48 In case that certain grid connection infrastructure elements can be utilised by more than one 
generator, the first mover may face a disadvantage, when initially all costs are attributed to this 
generator, as Swider et al. (2008) point out. 
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Grid reinforcement relates to technical enhancements of the existing grid 

infrastructure, which are triggered by the integration of additional capacity. 

Reinforcements may be related to extensions of transformer stations or substations 

and the upgrade of transmission capacity. The attribution of reinforcement costs to 

single generators is crucial, as also succeeding plant operators may benefit from 

network improvements. Above this, if existing transmission bottlenecks are being 

offset, an even larger group of grid users may profit from positive externalities. 

Grid integration costs for wind energy and offshore wind energy in particular are high 

in comparison to other renewable generation technologies for the reason that these 

power plants are often situated in remote, sparsely populated areas characterised by 

weak or even non-existent grid infrastructure. In terms of absolute installed capacity, 

wind power is by far the most important renewable technology with the exemption of 

large hydro. In terms of newly installed capacity, wind power has been the leading 

power generating technology in Europe in the years 2008 and 2009, accounting for 

39 % of added capacity (EWEA, 2010a). 

In comparison to conventional generation units, the rated power of wind farms is still 

small49; consequently, integration costs are high in specific terms. 

The European Commission estimates the offshore wind potential, which is likely to be 

exploitable by 2020 to account for 33–44 GW (EC, 2008a). This deployment 

implicates yearly growth rates between 21 % and 23 %50. In line with this estimate, 

installed offshore wind capacity will increase to 40 GW in 2020 according to EWEA’s 

baseline scenario.  

Taking into account these characteristics – particularly high specific grid connection 

costs and highly ambitious deployment goals – the following analyses will focus on 

offshore wind power, even if derived results may be applicable to other renewable 

energy technologies as well.  

                                            
49 Installed capacities of offshore wind farms may reach the scale of conventional power plants in the 
near future. As of end 2009 the maximum rated power of an offshore wind farm has been reported 209 
MW (Horns Rev 2, Denmark) (Source: EWEA database of operational wind farms, available at 
www.ewea.org). 
50 This estimate is referenced to a total installed capacity of 1.1 GW at the end of 2007. 
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4.2.1 Wind power grid integration costs 

Disaggregated components of grid and system integration costs of electricity 

generation from wind power have been quantified in various studies: task 25 of the 

IEA research cooperation on wind energy analyses the impact of large amounts of 

wind power on the design and operation of power systems. Members of this task 

undertake an effort to make results of different wind integration studies comparable. 

Holttinen et al. (2008) summarize latest findings on the magnitude of additional 

reserve requirements, balancing costs and transmission reinforcement costs in 

different electricity markets depending on the penetration level of wind power. 

Auer et al. (2007) assess the evolution of grid integration cost components in relation 

to the deployment ratio of wind energy for single European countries and the EU-27 

aggregate based on the GreenNet-Europe simulation model. While costs of 

balancing and grid reinforcement vary over a broad range due to different power 

system and infrastructure configurations, costs for direct grid connection can be 

assessed with higher accuracy on the basis of information on the rated capacity of 

respective wind farms, distance to the point of connection and the corresponding 

voltage level of feed-in. 

As an input to modelling RES-E grid integration in Europe, Obersteiner et al. (2006) 

estimate grid connection costs to account for 8 % of specific investment costs for 

onshore wind farms and 10 %–25 % for offshore investments depending on the 

distance to shore.  

Swider et al. (2008) state that grid connection costs for offshore wind farms are highly 

dependent on the distance to the existing grid and conclude from a case study 

analysis that specific costs are in the range of €180/kW and €205/kW for projects in 

the Netherlands while for German projects under consideration the bandwidth 

reaches up to €600/kW. In relative terms, 16 % of total investment costs are 

dedicated to the installation of offshore transmission infrastructure including 

substations. For some German projects situated further offshore, this share can be 

higher than 25 %. 

In EWEA’s latest review of the economics of wind power, grid connection costs are 

estimated to account for approximately 9 % of total investment costs for onshore 

installations and are stated to have accounted for 16 % for selected offshore wind 

farms (EWEA, 2009b). 
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On the basis of a detailed engineering approach, Senergy Econnect and National 

Grid (2009) find connection costs for the deployment of 26 GW UK Round III offshore 

wind capacity to account for approximately £10b51 and a relative share of 11 %–

17.5 % of overall investment costs52. 

 

Figure 4.3 gives an overview over cited literature sources on the relative share of 

wind power grid connection costs. 

 

Figure 4.3: Estimates for wind power grid connection costs as a share of total 
investment costs. Source: Swider et al. (2008), Obersteiner (2006), 
Senergy Econnect (2009), EWEA (2009b) 

4.2.2 Attribution of grid integration costs 

Critical discussions on the topic of cost attribution mechanisms for DG/RES-E 

generation units focus mainly on efficient investment signals for the location of power 

plants in the presence of grid scarcities. Barth et al. (2008) find evidence from an 

economic analysis that (shallow) grid connection costs as well as (deep) 

reinforcement costs shall be charged to RES-E producers in the presence of 

functioning markets reflecting scarcities of available grid capacity. 

                                            
51 Nominal value of 2008. 
52 On a cost basis of 2008 Senergy Econnect and National Grid estimate average costs of connecting 
UK Round 3 wind farms to amount to £403.178/MW (weighted average). Taking into account 
significant cost increases of offshore installations (Ernst & Young, 2009), this number has been 
inflated at 10 % in order to be comparable to estimated overall offshore wind farm investment costs of 
£3.000.000 /MW for the year 2009 (Ernst & Young, 2009; Senergy Econnect and National Grid, 2009). 
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Modelling interactions of implemented policies for the attribution of system integration 

costs and the deployment of RES-E in European countries lead Auer et al. (2006) to 

the conclusion that RES-E installations will be cut down or delayed, if – ceteris 

paribus – grid connection costs are attributed to generators. The impact of cost 

attribution is noticeable for onshore wind energy and strong for offshore wind. 

Auer et al. (2007) argue that correct unbundling requires the introduction of a super-

shallow integration approach: potential discrimination of generators and problems 

associated with first movers and free-riding can be more easily avoided than in the 

case of applying a deep integration approach. Auer et al. find evidence that costs can 

be saved, if the connection of adjacent offshore wind farms is carried out in a 

coordinated approach and therefore call for grid connection to be provided by grid 

operators. 

Econnect (2005) investigates potential gains in cost-effectiveness in the connection 

of UK Round 2 offshore wind farms for the case that geographically adjacent wind 

farms use a common transmission infrastructure in comparison to strictly wind farm-

specific connections. As a result, joint connections are found to be cost-effective for 

approximately 50 % of considered projects. 

4.2.3 Electricity generation costs of offshore wind power in formal 
terms 

As long as electricity generation costs from offshore wind power exceed competitive 

market prices, promotion schemes need to be put in place in order to trigger offshore 

wind deployment according to international and national renewable energy policies. 

It is common to most implemented support schemes that the level of subsidies is 

equal for single renewable energy technologies or power ranges of these 

technologies. As a consequence, projects utilising favourable resources at favourable 

locations will deliver a higher return for the generator than power plants characterised 

by low capacity factors or disadvantageous sites53. Most of those European 

                                            
53 Feed-in-tariffs may be differentiated on the basis of full load hours or may be granted for a certain 
number of full load hours. This practice aims at a certain harmonisation of returns.  



Offshore wind power transmission and the cost-effectiveness of support 

-69- 

countries, which have a promotion scheme in place for offshore wind, do not apply 

differentiated remunerations of electricity production54.  

Long run generation costs of electricity from offshore wind power and the expected 

revenue, which can be achieved from power sales and public support, are the key 

determinants for generation investment in economic terms. From the viewpoint of 

policy makers, the level of support needs to be aligned to the long run electricity 

generation costs of the marginal plant of the considered available potential, which is 

envisaged to be deployed. 

Long run generation costs from offshore wind power – from a static perspective – 

include specific capital costs55 and operating costs. Specific capital costs are 

determined by specific investment costs, the expected lifetime or investment horizon, 

the cost of capital and the capacity factor of the installation. Specific operating costs 

include planned maintenance, repair, rental of land, insurance, administration (incl. 

metering) and electricity consumption (compare Equation 4.1 and Equation 4.2). 
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where   

LRGC  long run electricity generation costs from offshore wind power [€/MWh] 

CRF  capital recovery factor [1/y]  

FLH   full load hours [h/y]  

cINV  investment costs [€/MW]  

cO&M  costs for operation and maintenance [€/MWh]  

and 

z  weighted average cost of capital [%]  

t  investment horizon / depreciation time [y] 

                                            
54 Price premia in Denmark (as against to e.g. the UK, the Netherlands, Germany, Belgium and 
Sweden) are differentiated depending on the number of full load hours. 
55 Total investment costs (overnight investment costs plus returns on equity and debt during 
construction) are often denominated as capital costs. In the context of this analysis, capital costs 
specify (total) investment costs plus opportunity costs of this investment, which denominate a real 
return over the respective investment horizon. 
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As set out in chapter 4.2.2, it is highly disputable to what extent grid integration costs, 

including grid connection costs and grid reinforcement costs, shall be accounted as 

part of generation costs as well56. 

In the following economic analysis the focus is put on grid connection costs being 

part of long run generation costs or not. In principle, the undertaken analysis is 

applicable to grid reinforcement costs as well but may be less demonstrative. 

 

4.3 The impact of shallow versus super-shallow charging of 
offshore wind farm connections on the cost-effectiveness of 
public support 

The implementation of regulatory policies brings about economic effects: this is also 

the case for energy policies. A valuation of these effects is commonly performed by 

assessing related changes in economic welfare and thereby testing for allocative 

efficiency. As a precondition, the demand function of consumers and the supply 

function of producers need to be known. Intersecting these functions, determining a 

market price and volume, quantifying the surplus of both consumers and producers 

and, finally, summing up these components gives an indication of economic welfare 

arising from the respective economic activity.  

Consumer surplus is defined as the benefit resulting from a situation, where 

consumers are paying market prices only, while they have a higher willingness to pay 

for a certain product. In the presence of politically induced RES-E-promotion 

instruments demand is exogenously triggered and cannot be related to an actual 

willingness to pay57. Consequently, the consumer surplus of deploying renewable 

sources can hardly be estimated or even measured. Applying a formalistic approach 

of comparing the demand curve and the actual level of RES-E support, the resulting 

consumer surplus may be either infinite or zero depending of the mechanisms of 

support (compare chapter 4.3.1). 

                                            
56 Also for other components of system integration costs, such as the costs of supplementary reserve 
capacity or balancing, the problem of attribution to the originator versus socialisation is solved 
differently in different power markets.  
57 Private willingness to pay for green electricity plays a minor role in comparison to regulated support 
schemes with respect to deployed generation capacities. Additionally, this demand is usually satisfied 
in a market, which is separated from the politically induced market under consideration. 
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Taking into consideration the difficulties of quantifying consumer surplus for 

supported RES-E generation, benefits to society can be estimated by performing an 

analysis of external costs. In EWEA (2009a), the value of avoided emissions due to 

the utilisation of wind power is assessed for the EU-27 countries depending on the 

residual generation mix58. 

Economic welfare resulting from the surplus of producers also has to be treated with 

caution in an economic environment of subsidisation: as the surplus of generators is 

resulting from policy intervention, it may not be regarded as equivalently valuable to 

society in comparison to consumer surplus and its adequacy is a political matter. 

Excessive rents of the industry, which are effectuated by regulation, are not well 

accepted by electricity consumers. Instead, rents are demanded to be low59. 

Taking into account the mentioned difficulties of assessing economic efficiency in the 

presence of a politically induced demand and, second, taking into account the 

normative postulate of keeping producer rents originating from non-voluntary 

transfers from consumers to producers at a reasonably low level, a valuation of the 

economic success of RES-E support schemes is preferentially carried in the form of a 

cost-effectiveness analysis instead. Doing so, transfer costs are related to the volume 

of effectuated RES-E generation. These transfer costs are defined as extra costs 

incurred by electricity consumers for RES-E generation within a certain support 

scheme exceeding the respective market value on wholesale markets – not taking 

into account external costs for society (Ragwitz et al., 2007). The objective of these 

analyses of transfer costs is to identify successful implementations of support 

schemes, which are characterised by a situation, where a certain deployment of 

existing potentials has been achieved at minimum costs for consumers (Held et al., 

2006). 

4.3.1 Demand for electricity generation from offshore wind energy 

External distortions of the market for RES-E in form of national support policies are 

leading to a situation, where demand in this market is either totally inelastic in the 

                                            
58 It can be argued, that external costs of CO2-emissions are already endogenised in the European 
electricity markets via the EU-ETS. It will not be discussed at this point, to what extent this argument 
can be justified – also given the necessity to take a dynamic perspective. 
59 Regulatory authorities tend to value consumer surplus higher than producer surplus. Competition 
law of the European Union implies a bias towards consumer surplus in the evaluation of welfare 
effects (EC, 2004). 
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presence of quantity driven support systems or totally elastic in the presence of price 

driven support systems. The first mentioned mechanism corresponds to a quota 

system, where the quota (Q) may be related to the issuance of a technology specific 

quantity of tradable certificates. The second system corresponds to a feed-in tariff 

(FIT1,2) (compare Figure 4.4). 

Practical implementation of RES-E support schemes often foresee a cap on the 

demand for RES-E, which is preventing unintended states of the system: whereas in 

quota systems with tradable green certificates this cap refers to a lower and upper 

limit of the certificate price, it refers to an overall limit of available funds for a certain 

period in time in several FIT systems.  

In the following analysis the question of applying different support mechanisms is not 

considered. It is assumed that in a certain electricity market either a quota system 

with tradable green certificates or a feed-in tariff system is in place. Both mechanisms 

provide such support, that they eventually effectuate the deployment of the same 

offshore wind energy potential. This implies that the revenue gained from selling both 

certificates and power at the time, when the marginal power plant has been installed 

and is generating certificates, equals exactly the feed-in tariff, which is sufficient for 

the same deployment60. This assumption implies that policy makers do have perfect 

information on the available offshore wind potential and the related electricity 

generation costs. 

This assumption is supported by the fact that especially the deployment of novel 

technologies is accompanied by strong regulatory intervention. Countries considering 

offshore wind energy development as part of their renewable energy strategy are 

determining certain installation roadmaps and are reserving designated offshore 

deployment zones, be it through spatial planning, as e.g. in Germany, or tendering of 

development sites, as e.g. in the UK. Eventually, support instruments are adapted in 

order that these plans materialise. 

  

                                            
60 Higher rates of return, which may be demanded by investors in a quota system due to increased 
risks of a volatile certificate market, are not being considered. 
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4.3.2 Supply curve for offshore wind energy 

Long run electricity generation costs from offshore wind power differ widely due to 

unevenly distributed wind potentials and different installation conditions. If – 

depending on the regulatory scheme in place – grid connection costs are attributed to 

plant operators, these differences may even be greater due to the high relative share 

of these costs on overall costs and their broad range depending on the distance to 

shore. 

To obtain a supply curve for electricity production from offshore wind power, the 

capacities of available potentials are ranked according to their long run generation 

costs from most cost-effective to most costly potentials.  

Figure 4.4 qualitatively depicts the supply functions of offshore wind power for two 

different cases of grid connection cost attribution61. Long run electricity generation 

costs including infrastructure costs are denoted as C1 for the marginally deployed 

capacity. Long run generation costs excluding discounted site specific grid 

connection costs – long run net generation costs – are denoted as C2. The demand 

(quota) is equal in both cases, whereas different tariffs are resulting if a feed-in tariff 

system is in place.  

In general, the order of deployment of different potentials, which are sufficient to meet 

a certain demand, may be different depending on the cost attribution scheme 

applied. Still, in the following analysis of support costs an identical generation 

portfolio is assumed to be deployed62. 

The electricity generation potential displayed in the form of a stylised supply curve in 

Figure 4.4 is assumed to be eligible for the same level of support. This means, that 

respective power plants of the total capacity Q would generate uniform revenues per 

output unit. These revenues may result either from the receipt of a certain feed in 

tariff or a certain quantity of certificates of a distinct value in addition to the market 

value of generated electricity. 

                                            
61 According to the depiction some potentials are regarded to be distinguished by different grid 
connection costs only while the net long run production costs are equal. 
62 This assumption will not hold in general for the supply curve of different RES-E technologies. In the 
context of offshore wind, however, it is plausible, as will be analysed in detail in chapter 4.6.3.  
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Figure 4.4: Supply and demand for offshore wind power, long run net generation 

costs and long run specific grid connection costs63 

C1, C2  long run electricity production costs of the marginally deployed wind 

farm, inclusive (1) or (2) exclusive of the costs for the grid connection 

[€/MWh]  

FIT1, FIT2 feed-in tariffs, sufficient to achieve demanded deployment [€/MWh] 

Q  quota, equalling the deployment reached through FIT1 / FIT2 [MWh] 

 

4.3.3 Producer surplus of generators 

The (long run) producer surplus of offshore wind farm operators determines the 

aggregate of revenues exceeding (long run) individual production costs. Its 

magnitude depends on the total deployed capacity, the shape of the supply curve 

and – in this respect – also on the regulation in place for the attribution of grid 

connection costs. 

In the case of initial attribution to generators (scenario 1), according to Equation 4.3, 

the producer surplus can be derived from summing up the spreads between long run 

generation costs of the marginal plant C1 and the respective individual long run 

production costs. Producer surplus is marked in light-grey in Figure 4.5. 

 

                                            
63 Only for better visibility the lines indicating the level of feed-in tariffs and costs do not overlap in the 
graph. 
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Equation 4.3 

PS1   producer surplus of wind farm operators in attribution scenario 1 [€] 

LRGC1 long run production costs of individual wind farms [€/MWh]  

qi  energy yield of individual wind farms [MWh]  

n  number of wind farms installed 

 
Figure 4.5: Producer surplus of offshore wind farm operators   

(grid connection costs attributed to producers – Attribution 1) 

An initial attribution of grid connection costs to grid operators (attribution scenario 2) 

results in a lower producer surplus, compare Figure 4.6 and Equation 4.4. 

  
Figure 4.6: Producer surplus of offshore wind farm operators   

(grid connection costs attributed to grid operators – Attribution 2) 
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Equation 4.4 

4.3.4 Transfer costs of electricity consumers 

It has been demonstrated in the previous chapter that depending on the initial 

attribution of grid connection costs different producer surpluses are resulting. This 

difference does not equal potential savings from the perspective of consumers for the 

reason that grid connection costs are being passed over to final energy consumers 

also in the case of initial attribution to grid operators. Hence, the corresponding effect 

on transfer costs will be analysed in the following. 

Transfer costs are assumed to be independent from the applied promotion instrument 

and shall be defined in this context as the additional costs, which have to be borne by 

consumers for the electricity offtake from offshore wind farms in comparison to the 

market value of this electricity, if it was sold under a competitive framework, e.g. at a 

power exchange. Simplifying, this competitive threshold is denominated as market 

price in the following64. 

Transfer costs are being collected from consumers and distributed to renewable 

electricity generators through the financial mechanisms of promotion schemes. They 

shall compensate such generators for higher production costs and infrastructure 

expenditures in comparison to conventional generation.  

Transfer costs in scenario 1 can be calculated as the difference between the long run 

production costs of the marginally deployed wind farm including its specific capital 

costs for grid connection and the market price, related to the volume Q, as reflected 

in Equation 4.5 and depicted in Figure 4.7.  

In order to limit the magnitude of transfer costs, different promotion schemes are 

designed in a way to simulate a stepped demand curve, where different remuneration 

levels are reserved for different technologies or different power scales or even 

different ranges of resource availability – taking account of different production costs. 

                                            
64 The market value for wind energy is analysed for the Central European power market by 
Obersteiner et al. (2009). The market price, at which the feed-in of wind farm operators can be settled 
on wholesale markets is typically lower than the base load price level in these markets, given that wind 
power has reached a significant share. 
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As mentioned in chapter 4.3.2, in this analysis only potentials within one cost / 

support category are being considered.  

( ) QMPCTC ×−= 11  Equation 4.5 

TC1   transfer costs incurred by consumers in attribution 1 [€]  

MP   market price of wind energy [€/MWh]  

  

Figure 4.7: Transfer costs for consumers resulting from offshore wind power 
deployment (grid connection costs attributed to producers)   

In the second scenario grid connection costs are attributed to grid operators and are 

then passed through into grid tariffs. Therefore, they also need to be considered in 

the calculation of transfer costs. These include the difference between marginal (net) 

production costs and the market price – related to the volume Q – and the sum of 

specific capital costs of individual grid connections, applying a monopolistic grid 

operator’s rate of return (see Equation 4.6 and Figure 4.8). For the reason of better 

visibility, approximate regulated specific long run costs of grid connection have been 

shifted towards the upper margin of the graph. 

( ) ( )∑
=

+−=
n

i
regii GCqQMPCTC

1
,22 **  

Equation 4.6 

TC2  transfer costs incurred by consumers in attribution 2 [€]  

GCi, reg  specific capital costs of individual connections (to be borne by grid 

operators) applying a regulated rate of return [€/MWh] 
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Figure 4.8: Transfer costs for consumers resulting from offshore wind power 
deployment (grid connection costs attributed to grid operators). (Only 
for better visibility transfer costs resulting from grid connection have 
been shifted towards the upper margin of the graph) 

4.3.5 Transfer cost savings 

As indicated in Figure 4.8, the second attribution case results in lower total transfer 

costs for the support of a certain volume of offshore wind power to consumers. These 

savings are expressed in Equation 4.7 and correspond to the contribution of the 

marginal transmission infrastructure to the producer surplus of sub-marginal projects 

– and hence to transfer costs – in attribution case 1.  

( ) ( )∑
=

−−=
n

i
regii GCqQCCTCS

1
,21 **  

Equation 4.7 

These savings are positive, if marginal grid connection costs are increasing with the 

deployed volume and net production costs are not disproportionally declining. In the 

case of offshore wind energy, differences in net production costs seem to be mainly 

caused by different full load hours, water depth and the distance to shore. Grid 

connection costs are mainly dependent on the distance to a suitable connection point 

in the existing electricity grid. The qualitative depiction indicates, that most economic 

potentials are assumed to be characterised by low net production costs and low grid 

connection costs, whereas more costly potentials are characterised by both 

increasing net production costs and grid connection costs. This assumption implies 

that potentially higher full load hours at remote wind farm locations do not outweigh 

higher construction, maintenance and operational costs. In chapter 4.4.3 this relation 
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has been investigated for a set of UK rounds II and III wind farms and appears to 

hold. 

Therefore, cost savings are expected to be realisable in attribution case 2. Secondly, 

increasing connection costs are expected to be a major source for these potential 

savings. 

In qualitative terms, potential transfer cost savings as depicted in Figure 4.8 are 

underestimated compared to Equation 4.7 for the reason that total costs of grid 

connection are expected to be lower when all offshore transmission infrastructure 

investments are carried out by a regulated transmission system operator: lower rates 

of return on employed capital are assumed to be demanded by grid operators in 

comparison to unregulated, risk exposed renewable energy project developers. 

Above this, savings may be realised by joint connection designs (compare also 

chapter 4.4.4).  

 

4.4 Transfer cost savings UK Round II and Round III offshore wind 
farms 

In the following analysis, the theoretical concept of potential transfer cost savings as 

described in chapter 4.3.5 will be applied to the planned deployment of Round II and 

Round III offshore wind farms in the UK. This example has been chosen for the 

reason that the UK is the leading country in terms of total installed offshore wind 

capacity as well as capacity under construction65. Above this, the UK regulatory 

regime foresees generators to bear offshore transmission costs, be it in the form of 

upfront investments or in the form of regulated use-of-system charges. From this 

starting point potential transfer cost savings are estimated for the case of changing 

the applied mechanism of cost attribution towards a super-shallow charging 

approach.  

Estimates on different components of long run electricity generation costs from 

offshore wind, which are utilised in the following, are subject to high uncertainties. 

Round III of the UK offshore wind site licensing process is targeted at adding 

approximately 25 GW capacity to 8 GW of Rounds I and II projects. This deployment 
                                            
65 Installed offshore wind capacity in the UK totalled 2950 MW by end 2012, while an additional 1GW 
was consented in the first quarter of 2013 (EWEA, 2013). 
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goal is highly ambitious against cumulative operating offshore wind capacity at the 

time of announcement in the year 2007 of around 1.1 GW. Yet, this 33 GW target has 

been set out by the UK government to be achieved by the year 2020 (BERR, 2007). 

Offshore wind power is expected to supply the major part of RES-E as a contribution 

to the UK’s overall renewable energy obligation in terms of the binding European 

2020 target. 

Building up an appropriate supply chain for the installation of the necessary offshore 

electricity and transport infrastructure is seen as a decisive challenge in pursuing this 

energy strategy. Substantial reinforcements and extensions of the existing onshore 

electricity infrastructure are also regarded as a precondition for the deployment of 

large offshore capacities.  

Also from a technological perspective, especially the installation of Round III wind 

farms is connected to severe challenges due to high distances to shore and great 

water depths: the distance of planned wind farms to shore reaches up to 200 km in 

comparison to an average of 30 km and a maximum of 100 km for wind farms under 

construction in the first quarter of 2010 (EWEA, 2010b). Water depths of several 

Round III development zones are starting from 30 metres and may reach up to 80 

metres. In comparison, the water depth of offshore wind farms under construction 

averages 23 metres with maximum depths of 40 metres. 

In addition to this variety of challenges, financing the installation of 33 GW offshore 

wind capacity remains one of the most crucial ones. The UK Carbon Trust 

investigates the contribution of offshore wind to a total RES-E share of 40 % in 2020 

and finds that £75bn will be required to finance the deployment of additional 29 GW 

capacity within the next decade. This amount is comparable to the observed 

investment during the peak decade of North Sea oil and gas development (Carbon 

Trust, 2008). 

In the following, it is not intended to evaluate the mentioned uncertainties and to 

assess the feasibility of the UK offshore wind energy policy to materialise. Instead, 

the deployment of Rounds II and III offshore wind farms is anticipated and the effect 

of different attribution options for grid connection costs on the electricity bill of 

consumers is analysed. Current cost data for currently available technology is used in 

the following, even if a shift towards larger turbine sizes, a higher grade of 

standardisation or an improved supply chain might decrease specific costs in the long 
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run. On the other hand, no cost escalations due to raw material or energy price 

increases have been taken into account. 

4.4.1 Supply curve for UK Rounds II and III offshore wind farms  

While overnight investment costs for offshore wind turbines are approximately 20 % 

higher than for onshore turbines in specific terms, costs for foundations, installation 

and grid connection can escalate to a multiple in comparison (showing a broad 

distribution depending on factors as distance to shore, depth of water, weather 

conditions and according possible delays of installations (dti, 2007).  

In order to quantify the possible effect of different attribution options of grid 

connection costs on overall transfer costs, a supply curve of offshore wind projects to 

be realized in the course of the UK Round II and Round III Crown Estate license is 

being developed. 

Long run generation costs are separated into  

• costs for connecting the offshore substation to the onshore electricity grid 

(offshore transmission, onshore transmission, extension of onshore 

substations). In the following referred to as transmission, 

• costs for the offshore substation, 

• all remaining components of investment costs (wind turbine, tower, foundation, 

intra-wind farm connection, project management, environmental studies, etc.) 

and operating expenditures. 

Information on investment costs of single offshore wind farm projects can be hardly 

obtained on a comparable basis for various reasons: firstly, non-disclosure policies of 

affected parties make respective information unavailable on disaggregated level. 

Secondly, investment costs have doubled in real terms within the four-year period 

2005 – 2008 according to a market survey performed by BWEA (BWEA, 2009)66: A 

graphical representation of this dramatic increase of capital expenditures for offshore 

wind projects in recent years development is given in Figure 4.9. 

                                            
66 Ernst&Young (2009) report a cost increase by 100 % in the five-year period from 2004 to 2008. 
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Figure 4.9:  Historical, current and future projected capital costs for offshore wind 
projects  
Source: own illustration based on BWEA (2009). 

Early installations have been brought online in a premature market characterised by 

tight competition between developers as well as suppliers and underestimation of 

risks and efforts resulting in overall project losses67. In contrast, current investment 

conditions are characterized by supply chain constraints, increased input prices and 

higher demanded returns for suppliers as well as developers. 

For this case study analysis it is assumed that differences in long run electricity 

generation costs of offshore wind farms are only caused by different distances to 

shore: higher energy yields under preferential wind conditions further offshore are 

assumed to be offset by higher transmission losses and higher specific installation 

and maintenance costs.  

Consequently, uniform average specific capital costs of the year 2009 excluding 

offshore grid connection have been assumed for all wind farms68.  

                                            
67 BWEA (2009) refers to several insolvencies and buy outs of early projects in this context. 
68 Costs for foundation as well as equipment installation are site-specific; still, they are assumed to 
differ negligibly compared to transmission. When quantifying transfer cost savings, this assumption 
contributes to an underestimation of potential savings for the reason that more remotely located wind 
farms tend to account for higher costs with this respect. 



Offshore wind power transmission and the cost-effectiveness of support 

-83- 

Non-distance dependent specific costs for transmission infrastructure, operating 

expenditures, discount rates, project lifetimes and load factors are assumed to be 

uniform as well.  

The validity of these assumptions and their impact on the following analyses are 

discussed in chapter 4.4.3. 

Eventually, the supply curve is composed of a constant term for capital expenditures 

and operational expenditures of all wind farm components except the offshore cable 

plus a project-specific term for the offshore transmission line. 

spectransspecwindfarm CCLRGC ,, +=  Equation 4.8 

LRGC  long run electricity generation costs of individual wind farms [€/MWh] 

Cwindfarm, spec   specific uniform capital and operating costs of electricity production 

from offshore wind exclusive of grid connection costs (offshore 

transmission costs) [€/MWh] 

Ctrans, spec   specific grid connection costs (offshore transmission costs) [€/(MWh)] 

Project-specific connection costs are taken from a Study on the Development of the 

Offshore Grid for Connection of the Round Two Wind Farms, commissioned by the 

Department of Trade and Industry (Dti), UK (Econnect, 2005), and a respective study 

for Round III projects (Senergy Econnect and National Grid, 2009). Project-specific 

distance dependent infrastructure costs have been escalated at a rate of 10 % per 

year until 2009 taking into account observed cost increases (Ernst & Young, 2009).  

Table 0.5 in the Appendix provides a detailed overview over connection costs of 

considered wind farms. 

Current investment costs are stated to amount to approximately £3m/MW (BWEA, 

2009)69, inclusive of foundation and electrical infrastructure. Up to 19 % of this sum 

are attributed to grid connection including non-distance-dependent infrastructure 

costs (inter-array cabling, offshore substation) (Ernst & Young, 2009).  

Recent studies on the economics of offshore wind power estimate a broad range of 

operating expenditures; while Senergy Econnect and National Grid (2009) state costs 

                                            
69 £3.2m/MW according to Ernst & Young (2009), €2.0-2.2m/MW according to EWEA (2009b). Van 
Hem and Kramer (2010) state offshore wind farm costs of €3.8m/MW for the UK.  
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of £46k/MW/a, Ernst & Young (2009) state costs of £79k/MW/a plus £18k/MW/a 

decommissioning costs. 

Table 4.1 gives an overview over economic parameters used in this case study for 

the preparation of a disaggregated supply curve for wind offshore projects in the UK 

(including data sources). All cost figures are given for the year 2009. In the appendix, 

a more detailed extract of data sources for investment costs (Table 0.2) and 

operating expenditures (Table 0.3) is provided.  

Table 4.1: Overview over economic parameters of UK offshore wind projects  

Investment costs    Source 

Investment costs   

(excl. offshore substation and 

transmission) 

2.550.000 £2009/MW 

Ernst & Young (2009), 

BWEA (2009)  

EWEA (2009b) 

Investment costs of offshore 

connection 

90.000 – 

440.000 
£2009/MW 

Senergy Econnect & 

National Grid (2009) 

Investment costs of offshore 

substation 
120.000 £2009/MW dti (2007) 

    

Operating expenditures (OPEX)    

OPEX (incl. decommissioning, 

excl. transmission, substation) 
90.000 £2009/MW/yr 

Ernst & Young (2009) 

dti (2005) 

OPEX transmission 5.000 £2009/MW/yr E&Y (2009), dti (2005) 

OPEX substation 2.500 £2009/MW/yr E&Y (2009), dti (2005) 
    

Economic parameters    

Cost of capital (pre-tax real) 12 % Ernst & Young (2009) 

Load Factor (net) 38 % Ernst & Young (2009) 

Project lifetime 20 Years  

Availability 94 % Ernst & Young (2009) 
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The time-frame for depreciation as well as the cost of capital are identical for both the 

transmission infrastructure and the actual wind farm. This assumption appears valid 

in case that the transmission infrastructure is operated by the project developer or a 

licensed independent offshore transmission operator70. Only in case incumbent 

transmission system operators are obliged to connect offshore wind farms and 

finance according costs via mark-ups to common transmission charges, as is the 

case in Germany, longer depreciation periods and lower costs of capital can be 

presumed. Table 4.2 summarises different components of long run generation costs 

of Round II and III offshore wind farms in the UK indexed for the year 2009. These 

costs have been calculated according to Equation 4.1 and on the basis of the above 

cited economic data. 

Table 4.2: Composition of long run electricity generation costs (LRGC2009) of UK 
Round II and Round III offshore wind projects from different capital 
expenditures (CAPEX) and operational expenditures (OPEX): 

Long Run Generation Costs    

 from CAPEX (excl. transmission, substation) 97.73 £/MWh 

 from OPEX   (excl. transmission, substation) 27.04 £/MWh 
   

 from CAPEX transmission 3.65 – 17.90 £/MWh 

 from OPEX   transmission 1.50 £/MWh 

 from CAPEX array cabling 4.83 £/MWh 

 from CAPEX substation 4.83 £/MWh 

 from OPEX   substation 0.75 £/MWh 

Long Run Generation Costs total 140– 155  £/MWh 

 

A graphical representation of this data in the form of a supply curve is given in Figure 

4.10. Single steps of this curve refer to single wind farms. As stated previously, long 

run generation costs are assumed to differ only with respect to connection costs. 

                                            
70 DTI (2005) refers to the risk of premature termination of connectees and asset stranding with 
respect to comparatively high capital costs as well as a potential change of wind technology 
concerning depreciation time. 
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Figure 4.10: Long run costs of electricity generation from UK Rounds II and III 
offshore wind farms 

According to this cost model, approximately £125/MWh of total long run electricity 

generation costs stem from capital and operational expenditures for the wind turbine 

inclusive of the foundation and inter-array cabling as well as costs for insurance, 

lease of the seabed, onshore transmission charges and project management 

including environmental studies. Around £5.5/MWh can be attributed to the 

substation. Long run electricity generation costs resulting from the installation and 

operation of the transmission infrastructure are in a range between £5 and £19/MWh, 

depending primarily on the distance to shore and the availability of suitable onshore 

infrastructure. 

Total long run generation costs are then in a range between £140 and £155/MWh. As 

most economic parameters have been adopted from Ernst & Young (2009), this 

range includes levelised cost of electricity of £144/MWh for the base case scenario of 

this report. The deviation stems from differentiated offshore transmission costs71. 

                                            
71 Van Hem and Kramer (2010) carry out a comparison of necessary remuneration levels of offshore 
wind generation in different countries and state, that a total remuneration of €182/MWh would be 
sufficient to cover long run production costs of UK installations. This number is in line with the 
assumptions made in the course of this analysis. 
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4.4.2 Quantification of potential transfer cost savings 

Potential transfer cost savings resulting from a rearrangement of the cost attribution 

mechanism in place for the integration of offshore wind power are being quantified 

following the methodology developed in chapter 4.3.5.  

Two attribution scenarios will be differentiated: 

• Base case: a shallow integration policy is assumed. Project developers need 

to incur upfront and operational costs of the transmission infrastructure. In this 

case generators need to be remunerated with the long run generation costs of 

the marginal project inclusive of connection costs.  

Effectively, this policy is assumed to be identical in outcome with the recently 

implemented UK offshore transmission regulation, which foresees 

independent offshore transmission operators (OFTOs) to finance, construct 

and operate offshore transmission assets. These firms are granted a regulated 

revenue stream as a key award criterion of a competitive tender for licences72. 

• Super-shallow approach: substation and offshore connection including 

onshore integration are being provided by incumbent transmission grid 

operators. Additional costs are being recovered via conventional transmission 

charges, which are collected from suppliers and eventually passed on to 

electricity consumers73. The rate of return is altered to a level of 6.25 % real 

pre tax (DTI (2005)) for the infrastructure component. The depreciation horizon 

is kept constant at 20 years, even if a longer utilisation could be expected in 

comparison with project-specific licences. This scenario is comparable to the 

“Plug-At-Sea-Concept” of the German offshore transmission regulation. 

Transfer cost savings are presumed to arise from pursuing a super-shallow charging 

approach as against a shallow integration policy. Potential savings amount to £1.2b 

per year for the outlined case of deploying approximately 33 GW offshore wind 

                                            
72 Apart from lower financing efforts, this regulation is not expected to deliver an economic advantage 
to wind farm operators: offshore transmission charges are expected to equal long run costs of 
installing and operating respective infrastructure within the projects. Ernst & Young (2009) cite that 
many industry participants assume that the new regime will be value neutral to the project until this is 
proven otherwise. 
73 The super-shallow approach implies that transmission charges for generators do not or do only 
partially reflect the long run costs of project-specific grid enhancements. As for the UK, 27 % of 
transmission-network-use-of-system-charges are collected from generators, while 73 % are collected 
from suppliers. 
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capacity in UK Round II and III projects in comparison to the base case attribution. 

This sum would be sufficient to support the installation of additional 3.3 GW offshore 

wind capacity, underlying highest projected costs in a Round III project74 and a 

reference market value of £40/MWh. In relative terms this increase equals 10 % of 

total installed capacity. 

In technical terms, two factors contribute to this saving: 

• Firstly, a plain shift of welfare from producer surplus to consumer surplus. This 

shift is effectuated by the application of the super-shallow charging approach. 

The part of producer surplus, which is generated by sub-marginal producers 

due to comparatively high connection costs of marginally deployed wind farms 

is re-allocated to consumers.  

This part of overall savings amounts to £345m per year and would be 

sufficient to support the installation of additional 3% of capacity under 

consideration at marginal costs. 

• Secondly, savings arise through assumed lower financing costs of a regulated 

grid operator, who is made responsible to provide offshore connections in a 

super-shallow charging regime, in comparison to offshore wind project 

development companies. This financing advantage corresponds to a cut of 

capital costs by 5.75% (percentage points).  

This part contributes £855m per year and would be sufficient to support the 

installation of additional 8% of capacity under consideration at marginal costs. 

Implicitly, is further assumed that financing costs of so-called Offshore Transmission 

Operators (OFTOs) are facing capital costs, which are comparable to those of project 

developers. However, it is doubtful, if the earlier cited estimation by Ernst & Young 

(2009), on which this assumption is based, will prove true. If we doubt this estimate 

and assume capital costs of OFTOs to be equivalently low as those of regulated grid 

operators, only the first mentioned effect of savings remains. 

  

                                            
74 According to a super-shallow cost allocation scenario total costs of the most distant Round III project 
would amount to £147/MWh in comparison to £155/MWh in the base case allocation. 
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4.4.3 Validity of assumptions on cost parameters 

The utilised cost model bases on the assumption that net production costs are 

uniform for all considered offshore wind farms. This assumption is simplifying and at 

the same time crucial: it is simplifying, because it does not reflect real world costs in 

detail, and it is crucial, because the results of the analysis in chapter 4.4.2 are 

sensitive to the slope of the supply curve of offshore wind energy potentials. As 

already mentioned in the qualitative analysis, transfer cost savings are potentially 

realisable, if the ascending slope of net production costs is not outweighed by 

decreasing long run connection costs. It is assumed implicitly, that wind farms, which 

are close to the shore and to the existing transmission infrastructure and which are 

therefore characterised by low grid connection costs, benefit from comparatively low 

construction and maintenance costs. In contrast, remote wind farms characterised by 

high connection costs are more costly to install and to maintain. At the same time, 

these cost disadvantages are not (fully) compensated by potentially higher full load 

hours. 

In order to evaluate the overall validity of these assumptions in the case of UK 

offshore wind farms, the relation of long run generation costs to parameters such as 

distance to shore, water depth and average wind speeds has been analysed for a 

limited set of Round II and Round III offshore wind farms, for which according data 

could be accessed (see an overview of available data in Table 0.5 of the Appendix): 

Round II wind farm locations are on average both closer to shore (22 km) and located 

in more shallow waters (22 m) than Round III wind farms, which will be located at an 

average distance of 73 km to shore. The average water depth will amount to 30 m for 

early installations and more than 60 m for later installations. The mean wind speed at 

round II locations amounts to 9.5 m/s on average against 9.8 m/s at round III 

locations75. These wind speeds translate into a load factor of 40 % versus 42 % for a 

2 MW offshore wind turbine76. 

                                            
75 Data on the distance to shore, water depths and average wind speeds of offshore wind farm 
locations have been derived from the following online sources: the website of The Crown Estate 
(http://www.thecrownestate.co.uk/) and the website of the marine consultancy 4C Offshore 
(http://www.4coffshore.com/windfarms/).  
76 A calculator provided by the Danish Wind Industry Association has been utilised to transfer average 
wind speeds measured at 100m height into energy yields. Following parameter settings have been 
used: 15° C air temperature, Weibull shape parameter: 2; roughness class: 0; Turbine: Vestas 
V66/2000 offshore. See: http://guidedtour.windpower.org/en/tour/wres/pow/ 

http://www.thecrownestate.co.uk/round3
http://www.4coffshore.com/windfarms/
http://guidedtour.windpower.org/en/tour/wres/pow/
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KPMG finds in a survey on offshore wind farms in Europe (KPMG (2007) and KPMG 

(2010)) that capital expenditures for offshore turbines (excluding grid connection) 

show a positive correlation with water depths. The authors state a single correlation 

coefficient of 0.4.  

In a publication by the European Environment Agency (EEA, 2009) the relation 

between offshore wind farm investment costs and water depth is being explored. 

Applying this relation to UK offshore wind farms, investment costs (exclusive of grid 

connection costs) of early Round III projects will be 11 % higher in comparison to 

Round II wind farms. For later Round III projects this value increases to 35 %77. 

These investment cost differences on the one hand and different capacity factors on 

the other hand have been implemented into the developed cost model. The 

comparison of resulting long run generation costs shows that higher load factors at 

Round III locations do not outweigh higher investment costs. Instead, long run net 

generation costs78 at early Round III sites are £4/MWh higher than for Round II sites. 

If 35 % higher investment costs for Round III projects in deep waters are assumed, 

corresponding net generation costs would be already £25/MWh higher than at Round 

II sites. 

This brief evaluation of assumptions does not proof their overall validity. Still, it 

provides evidence that net production costs and grid connection costs do not show a 

countervailing trend for the analysed case of UK Rounds II and III offshore wind 

deployment. On the contrary, both cost categories are increasing with the deployed 

volume. Therefore, avoided aggregate producer surplus from grid connection can 

lead to overall savings for consumers as set out in detail in chapter 4.4.2. 

  

                                            
77 The relation between investment costs and the distance to shore is explored as well. As a result, 
increasing grid connection costs are the determining factor here. For the reason that grid connection 
costs are reflected in the economic model for each wind farm individually, only the impact of water 
depths is investigated in this analysis of the validity of assumptions. 
78 Long run electricity generation costs calculated according to Equation 3.1 (excluding grid 
connection) and economic data according to Table 5.1 (changes to this dataset apply for investment 
costs and the load factor).  
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4.4.4 Improvement of cost-effectiveness through joint connections  

The establishment and operation of an offshore grid connection infrastructure 

constitute a natural monopoly: It is less costly if these economic activities are carried 

out by one firm in comparison to two or more firms (over the full range of market 

demand). Cost functions fulfilling this criterion are denominated subadditive. In formal 

terms, subadditivity – a necessary and sufficient condition for the verification of a 

natural monopoly – is given, if the following equation holds (Baumol, 1977)79. 

∑
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1

21 )(...)()()(  
Equation 4.9 

C  cost function  

Q   market demand  

qi  potential subsets of output (of individual firms)  

k  number of firms 

While the connection of isolated single offshore wind farms may not be characterised 

by a subadditive cost function, the joint connection of adjacent wind farms may be 

cost-effective in reality, as demonstrated by Econnect (2005) for UK Round 2 

projects. Average unit connection costs will decrease by approximately 10 % if cost-

effective joint connections are given priority over single connections.  

Finally, the installation and operation of an offshore super-grid, as demanded e.g. by 

the European Wind Energy Association, clearly constitutes a natural monopoly. The 

purpose of such an infrastructure element is to not only connect offshore wind 

generation to the existing high voltage networks but to integrate various electricity 

markets and to aggregate and thereby smoothen geographically widely dispersed 

variable generation. In order to finance a transnational offshore grid infrastructure, 

cost sharing mechanisms need to be put in place, which take into account 

transmission services for offshore wind generation as well as benefits to other market 

participants. Such benefits may result from lower reserve requirements and welfare 

gains due to market integration. 

                                            
79 The cited equation defines subadditivity for the single-product case. A firm producing more than one 
product operates as a natural monopolist, if the production of whatever combination of demanded 
quantities of output by this single firm is less costly in comparison to production by multiple firms 
(Baumol, 1977). 
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4.5 Conclusions 

In an environment of public support for renewable electricity generation technologies, 

the cost-effective public use of non-voluntary financial transfers from consumers to 

producers is a topic of highest priority. Therefore the maximisation of the ratio 

between deployed capacities of supported technologies and related expenditures has 

to constitute a key principle of renewable energy policy80.  

In this chapter it has been investigated to what extent the attribution of 

responsibilities for providing and operating the electricity transmission infrastructure 

for offshore wind farms between generators and grid operators influences the 

resulting transfer costs of electricity consumers – regardless from the support 

mechanism applied (e.g. a quota-system with tradable green certificates or feed-in-

tariffs). 

The main conclusion from this analysis is that considerable transfer cost savings are 

realisable, if the responsibility for grid connection is transferred from offshore wind 

farm operators to grid operators. These savings can be realised due to the following 

reasons: 

• High producer rents emerge, if grid connection costs significantly contribute to 

the slope of the supply curve of a certain available offshore wind energy 

potential, for which subsidies are not differentiated. Finally, these rents have to 

be paid for by electricity consumers. 

• Capital costs are higher for offshore wind power producers, which are exposed 

to comparatively high financial risks, in comparison to regulated monopolistic 

transmission grid operators. Therefore, attribution of connection costs to grid 

operators leads to a lower financial burden for consumers.  

Additional cost advantages may result from a coordinated approach in the connection 

of adjacent wind farms due to a subadditive cost structure in comparison to 

competitive separate project developments. 

                                            
80 Following this normative postulation it is presumed, that public budgeting is not indifferent to the 
distribution of benefits and detriments arising to the sponsors versus the recipients of policy-induced 
transfers. Contrary, cost-effectiveness in the spending of taxes and charges is expected to comprise 
an overall policy target. 
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From this perspective, it is suggested to mandate regulated grid operators to provide 

and operate offshore transmission infrastructure on the basis of common regulated 

cost recovery mechanisms. 

Super-shallow charging – per se – does not provide intrinsic incentives for cost-

effective siting of wind farms. For this reason it is necessary to put in place 

coordinated planning procedures, which result in the identification of preferential or 

even exclusive, cost-effective offshore wind deployment areas. Corresponding 

strategies for the reservation of designated offshore deployment zones, be it through 

spatial planning, as e.g. in Germany, or tendering of development sites, as e.g. in the 

UK are effective already today.  

Cost-effectiveness in the connection of offshore wind farms according to a super-

shallow approach will be supported by the fact that regulatory bodies need to 

approve the return owed to the grid operator for the construction and operation of 

offshore transmission assets. Only costs, which comply with certain efficiency criteria, 

are eligible to be passed through into tariffs. 

While transfer cost savings, which arise from cutting producer surplus, do not impact 

economic welfare – this component is simply transferred to consumers – the 

improvement of cost-effectiveness due to lower capital costs of regulated grid 

operators in comparison to project developers does have an effect on economic 

efficiency. According to the Coase-Theorem81 the two affected parties could agree on 

an economically efficient use of capital, if they were able to negotiate and share the 

resulting surplus in whatever way. In reality, regulatory intervention impedes such a 

bargaining solution. Also in the case of joint versus strictly project-specific offshore 

wind farm connections it cannot be expected that developers of adjacent wind farms 

can agree on the installation of a potentially efficient commonly used transmission 

infrastructure, as inter-temporal aspects and coordination difficulties are likely to 

impede such solutions. 

It has been proven through the conducted analysis that a change in the regulatory 

regime from shallow to super-shallow charging has the potential to reduce the 

producer surplus generated by wind farms, which are characterized by comparatively 

                                            
81 As Ronald Coase pointed out in his seminal paper “The problem of social cost” (Coase, 1960), the 
initial allocation of property rights over resources does not affect their efficient use as long as these 
rights can be traded at no transaction costs. 
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low connection costs. An alternative option to capture this surplus to the benefit of 

the public is to introduce an auctioning process for seabed licences, which could 

equal out differences in long run generation costs.  

As for the UK, such a mechanisms is not in place and payments of licencees to the 

Crown Estate comprising of an upfront “option fee” and a yearly “rent” in Rounds II 

and III are not dependent on costs related to the distance to shore or the nearest 

appropriate connection point (Crown Estate (2003)). In case the tendering process 

was organised as an auction, prospective licencees would be expected to be willing 

to bid the total lifetime discounted producer surplus for any sub-marginal project. As a 

consequence, most of the producer surplus would be reallocated to the public 

sector82. In the course of the development of Round III projects The Crown Estate is 

planning to engage in offshore wind farms as equity investor. Doing so, a 

proportional share of producer rents can be re-captured by the public sector. 

While historically gradual connections of single wind farms to the onshore 

transmission networks have been observed (Adamowitsch, 2008), European energy 

policy aims at developing a joint offshore grid in the Nordic and Baltic Sea on the 

basis of international coordination. Together with the Mediterranean Ring this 

European super-grid shall connect several different European electricity markets and 

numerous wind farms at the same time, as demanded in the 2nd Strategic Energy 

Review of the European Commission (EC, 2008b). It is obvious that the development 

of a supra-regional common offshore transmission infrastructure is supported by a 

regulation, which denominates only one party per country responsible for establishing 

interconnected networks. The latter approach fits to a super-shallow framework of 

grid integration. The Council of European Energy Regulators, (CEER), sees 

advantages of supra-regional infrastructure projects in the improvement of 

competiveness, sustainability and security of supply. On the other hand, in the 

absence of a “super-regulator” of a single integrated European electricity market, 

regulatory barriers exist associated with the development of a European super-grid 

(CEER, 2009). 

                                            
82 The Crown Estate’s earnings are being transferred to the UK treasury. 
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5 The viewpoint of European stakeholders on Regulations 
for RES-E grid integration 

This chapter partly builds on research efforts, which have been co-financed by EACI83 within 

the Intelligent Energy Europe Programme. We kindly acknowledge this support. 

While in the preceding chapter one specific topic of infrastructure regulation – 

charging of grid connection costs – has been analysed with respect to its effect on 

the (cost-effective) deployment of offshore wind power, this chapter is dedicated to 

the opinion of stakeholders on several regulatory topics of electricity generation from 

renewable energy sources and – to some extent – builds the link to the topics raised 

in chapter 3. Further, the results represented in this chapter, which primarily stem 

from observations of stakeholders in the RES industry and the energy sector, find 

their reflection in some of the recommendations in the concluding chapter.  

After an introduction into the background of the conducted consultation of European 

experts in the field of RES-E grid integration, the most controversial topics of current 

regulations in the field of access to the grid for RES-E power producers will be 

presented in terms of expressed viewpoints and opinions, including the following:  

• Grid access regulations such as granting priority access, sharing of 

interconnection costs, implementation of locational signals and administrative 

processes 

• Transparency in the process of granting grid access. 

Taking a conclusive look on most contentious points between the RES-industry on 

the one hand and grid operators and authorities on the other hand priorities for 

improving the current regulatory framework will be identified. 

 

Figure 5.1 provides a graphical representation of the structure of this chapter as set 

out in the previous paragraphs. 

                                            
83 EACI – European Agency for Competitiveness and Innovation is an agency of the European 
Commission and runs funding schemes in the fields of energy, transport, environment, 
competitiveness and innovation.  
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Figure 5.1: Overview over chapter 5 

5.1 Background of the conducted consultation of stakeholders 

In the course of the European Union funded project GreenNet-Incentives (Promoting 

grid-related incentives for large-scale RES-E integration into the different European 

electricity systems), which has been coordinated by Energy Economics Group, 

Vienna University of Technology, different stakeholder groups have been consulted 

on the topic of non-technical barriers of RES-E grid and system integration84.  

While an overall evaluation of this consultation is available in the form of a project 

report (Jakubes, 2009), in the following chapter an assessment and comparison of 

responses on the topic of RES deployment and grid regulation will be carried out. 

Doing so, the analysis of locational signals for RES generation and the regulation of 

                                            
84  The author of this thesis has been designated the scientific coordinator of this project on behalf of 
Energy Economics Group (see e.g. Jakubes (2009)). 
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RES grid connection as set out in chapters 3 and 4 of this thesis will be 

complemented by substantiated opinion of authorities and industry. 

The selection of considered countries has been determined by the composition of the 

project consortium and the respective regional coverage of project partners.85 

The two primarily addressed stakeholder groups comprised regulatory authorities86 – 

national authorities for energy regulation as well as government departments – and 

distribution system operators. In addition, other stakeholders such as renewable 

energy project developers and industry associations have been contacted. For each 

of these three groups separate questionnaires have been developed and distributed 

by the project consortium to personally known representatives of identified 

organisations. In total, 72 responses could be collected and have been evaluated. 

These responses have been received from 10 European countries (Austria, Czech 

Republic, Germany, Greece, Hungary, Italy, Norway, Romania, Slovenia and the 

United Kingdom).  

It shall be emphasised, that opinions collected do not necessarily reflect actual 

provisions of national legislation: It turned out, that legal specifications are 

experienced not to be implemented in real world business processes in several 

instances. This discrepancy is underlined also by diverging opinions of different 

stakeholder groups on regulations in one specific country.  

 

5.2 Stakeholders’ view on RES-E grid connection regulation 

Access to the existing grid infrastructure is crucial with respect to the establishment 

of a competitive market environment. Liberalisation of electricity markets is a 

precondition for market entry of competitive generators. In addition, the unbundling of 

electricity networks from generation and supply sets the preconditions for non-

discriminatory access to the grid. Regulations for the connection of (RES-E) 

generators to the grid may still imply disadvantageous conditions. In the following, the 
                                            
85 The author of this thesis was the main responsible person in the definition of questions related to 
grid regulation in the course of the undertaken stakeholder consultation. Interviews have been carried 
out by several project partners in their respective countries. The author gratefully acknowledges the 
collection of filled questionnaires, the preparation of an electronic database of results and the 
assignment of use within this thesis by J. Jakubes. 
86 National authorities for energy regulation as well as government departments and agencies are 
subsumed under this category. 
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opinion of above mentioned groups of stakeholders involved in the process of grid 

connections will be explored. 

5.2.1 Priority access to the grid 

The European RES-Directive (EC, 2009a) mandates that “Member States shall also 

provide for either priority access or guaranteed access to the grid-system of 

electricity produced from renewable energy sources”.  Priority access shall assure 

that generators of electricity from renewable energy sources “will be able to sell and 

transmit the electricity from renewable energy sources in accordance with connection 

rules at all times, whenever the source becomes available”. Nevertheless, 

approximately 50% of interviewed representatives of regulatory authorities stated that 

priority access was not in effect in their country or only upon meeting certain 

conditions. 

5.2.2 One-stop-shop for grid connection permits 

Project developers and RES-associations have been asked, whether national energy 

authorities have implemented a central authorisation office (“one-stop-shop”), from 

which all permits, which are necessary for the connection of a RES-E plant to the 

grid, may be obtained. Only Italian respondents unanimously reported such an 

institution being available in their country, while the majority of representatives of the 

RES-industry (30 respondents in total) would favour it to be in place.  

Central authorisation procedures can be expected to have a positive impact on the 

time requirement for connections: Currently, a majority of respondents from the group 

of investors regards time requirements to get connected to the grid as demotivating 

factor or even a barrier in the course of plant developments. 

Also the European Commission has identified lack of transparency and coordination 

between different authorisation bodies to impede RES deployment and therefore 

demands in its RES-directive (EC, 2009a) that approval procedures need to be 

streamlined.  
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5.2.3 Grid connection cost attribution 

The perception of which regulatory mechanism concerning the attribution of grid 

connection costs (compare chapter 3.2.1) is implemented in a national electricity 

market differs substantially among different stakeholder groups: RES-E generators 

and industry associations claim a higher share of grid connection costs to be 

attributed to them as grid operators and regulatory authorities do (29 respondents of 

the RES-industry and 37 respondents from grid operators and authorities).  

When asked for their preferred attribution mechanism of grid connection costs, 

opinions are particularly heterogeneous among 3 stakeholder groups (65 

respondents in total): Representatives of regulatory authorities strongly prefer a 

shallow (83 %) over a deep (23 %) approach. Grid operators value super shallow and 

shallow connection charging equally desirable (36 %), a minority (12 %) opts for 

super-shallow cost attribution, 16 % prefer a hybrid charging mechanism. 

Representatives of the RES-industry, in contrast, state a preference towards shallow 

(54 %) and super-shallow (25 %) charging.  

Polled for a conclusive appraisal on potentially discriminatory regulations in the 

allocation of grid connection costs, again, representatives of the RES-industry 

expressed a substantially diverging opinion in comparison to grid operators and 

authorities: While 40% of the first-mentioned group find regulations discriminatory 

with respect to single technologies or locational aspects of RES generation, only 10% 

of respondents from the latter groups share this opinion.  

5.2.4 Implementation of locational signals 

The topic of locational signals in the context of RES-E deployment has been 

extensively dealt with in chapter 3 of this thesis. Hence, an according description of 

mechanisms and practical implementations of locational signals shall not be 

duplicated at this point. 

While, according to regulatory authorities, locational signals for RES integration are 

implemented only in a minority of national grid codes, two thirds of distribution grid 

operators state a preference for an implementation of designated incentives for the 

siting of RES-E plants. 7 representatives of grid companies disapprove of such 

provisions. The group of investors regards the requirements for nature and landscape 

protection in the course of Environmental Impact Assessments as a highly 
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demotivating factor in the development of RES-E power plants. The assignment of 

designated areas for RES-E deployment would help removing this barrier. 

 

5.3 Stakeholders’ view on the transparency of grid connection 
procedures 

European legislation has identified transparency in the process of grid connection as 

a key criterion for the progress of RES-E deployment. The obligation of grid operators 

to provide both information on available interconnection capacities as well as firm and 

objective schedules for establishing interconnections are regarded as binding 

elements of national regulations: The Renewables Directive (EC, 2009a) (Art. 16) 

mandates that “Member States shall require transmission system operators and 

distribution system operators to provide any new producer of energy from renewable 

sources wishing to be connected to the system with the comprehensive and 

necessary information required, including: (a) a comprehensive and detailed estimate 

of the costs associated with the connection; (b) a reasonable and precise timetable 

for receiving and processing the request for grid connection; (c) a reasonable 

indicative timetable for any proposed grid connection." The Internal Markets Directive 

(EC, 2009b) complements this information obligation both for transmission system 

operators and distribution system operators with the following request (Art. 12, 25): 

They shall provide “system users with the information they need for efficient access 

to the system”. In the context of transparency in the process of grid connection, four 

particular sources of potential discrimination have been identified. Stakeholders’ 

valuation of these topics will be presented in the following:  

5.3.1 Determination of the access point 

The definition of the relevant point of connection between a RES-E plant and the 

existing grid has an impact on the transparency and non-discrimination in the course 

of application for grid access. Definitions of this interface may refer to a purely 

geographic dimension: i.e. the point in the existing grid, which is closest to the new 

generation facility87. Additionally, technical restrictions may apply: Definitions then 

usually refer to the closest point in the existing infrastructure with a predefined 

                                            
87 This definition applies e.g. for domestic PV installations in Germany.  
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adequate voltage level. From a technical perspective, the adequacy of a valid 

connection point may additionally be related to the capability of the respective line to 

absorb additional load flows. Least favourable from the viewpoint of connectees are 

definitions, which additionally include economic valuations: Interconnection points are 

in this case rather vaguely defined as those points in the existing infrastructure, which 

are characterised by technical and economic feasibility. Representatives of regulatory 

authorities have been interviewed for the type of regulation of the point of 

connections, which they are subject to: Only in one of 13 cases, the valid point of 

connection is defined as the closest point at a given voltage level. In 8 cases, the 

result of a connection study analysing load flows is decisive for the identification of a 

valid connection point. In 3 cases, additional criteria (such as economic) are taken 

into account. 

5.3.2 Grid topography 

Information on the topography of electricity infrastructures are in many cases not 

public. One reason for withholding this information to the public, which is regularly 

mentioned, is connected to security strategies: Electricity infrastructure constitutes a 

neuralgic backbone for the functioning of business processes, infrastructure in 

buildings, communication technology, medical care, the supply with goods as well as 

many other critical applications. Severe malfunction of this infrastructure has the 

potential to significantly disrupt modern social (and economic) systems. Therefore, 

the protection of this infrastructure is deemed of highest priority to society. It remains 

doubtful, if non-disclosure of mentioned information remains a valid instrument for the 

protection of this infrastructure. However, this non-disclosure has negative effects for 

non-discriminatory and transparent access to the grid.  

Less than a third of approached grid operators, 35 in total, declared that they provide 

prospective investors with detailed information on the topography of the grid 

infrastructure including the availability of capacities per line. Almost one quarter of 

respondents stated that they did not share such information, the remaining part share 

according information only partly. 
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5.3.3 Transparency of connection cost determination 

Stakeholders have been asked whether they consider implemented mechanisms for 

attributing different cost components of grid integration to single power plants 

sufficiently transparent. While on an average 30% of respondents (63 in total) miss 

transparency with this respect, this share rises to 50 %, when only representatives of 

the RES industry (28 respondents) are considered. Half of the connectees 

interviewed were not able to fully reproduce the methodologies applied for identifying 

chargeable cost items.  

70 % of grid operators stated that contracts for grid access – concluded with 

developers – are not published. Publishing these contracts would help increase the 

transparency of the grid connection process. Few arguments can be stated against 

disclosing respective information, as European legislations demands that “rules 

relating to the bearing and sharing of costs of technical adaptations, such as grid 

connections and grid reinforcements […] shall be based on objective, transparent 

and non-discriminatory criteria” (EC, 2009).  

5.3.4 Discriminatory attributes of grid related charges 

Above the mentioned perception of transparency, 60 % of representatives of the 

RES-industry (27 respondents) regard the rules for grid access charges as 

discriminatory with respect to technologies or the location of RES-E plants. Only 

10 % of grid operators and regulatory authorities (34 respondents) share this opinion. 

It shall also be mentioned in the context of transparency issues, that a majority of 

respondents from the group of investors regards the lacking motivation of grid 

operators in the connection procedure as a demotivating factor or even a barrier in 

the course of plant developments. 

5.4 Preliminary conclusions and outlook 

The conducted consultation of European stakeholders on regulatory aspects of 

access to the grid for RES-E installations reveals in the first instance a controversial 

perception of the regulations in place for e.g. the sharing and allocation of 

interconnection costs, grid connection procedures and transparency issues. 

Secondly, especially the RES industry claims that binding European RES policy is 

not thoroughly implemented into national legislation or at least its execution.  
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It remains incomprehensible, to whose benefit – except for the potential benefit of 

incumbent utilities – measures to increase transparency in the field of grid access are 

not implemented or executed. Such measures include the attribution of only verifiable 

cost components of interconnection and the provision of information on grid 

topography and loading. Also, the installation of a single authorisation office for 

obtaining grid permits can expectedly facilitate and accelerate interconnections of 

RES-E installations. Counter-intuitively, such office has been reported to be in place 

only in one of 10 considered countries.  

From an overall perspective, it seems as if potential for improvements of national 

regulations for RES-E grid integration is given in multiple dimensions. As a first step, 

full implementation of European legislation appears prioritary: The latest European 

Renewables Directive (EC, 2009a) mandates that Member States need to submit 

national renewable energy action plans to the European Commission every two 

years. In these documents a trajectory of deployment progress in order to meet 

binding renewable energy targets has to be set out as well as a comprehensive 

agenda of policy measures, which must be taken for reaching the milestones of the 

trajectory and, finally, the agreed target. In turn, the Commission evaluates the 

adequacy of envisaged targets and may propose corrective actions. This mechanism 

shall ensure compliance of national regulations and regulatory practices with 

European law. With respect to market and grid integration of electricity from 

renewable energy sources national action plans shall specify the progress in 

improving administrative procedures and removing regulatory and non-regulatory 

barriers to RES-E development. Further, they shall specify the “measures taken to 

ensure the transmission and distribution of electricity produced from renewable 

energy sources, and to improve the framework or rules for bearing and sharing of 

costs” of grid connections.  

The first set of action plans has been sent to the European Commission in the year 

2010. In depth analysis of submitted documents and a recent review of stakeholders’ 

opinion have revealed a broad spectrum of potential improvements and corrective 

actions for single countries. It is referred to the RES-Integration project 

commissioned by DG Energy (e.g. Eclarion, 2011) as well as the REPAP2020 – 

study (EREC, 2011 and Ragwitz et al., 2011), both commissioned by DG Energy.  
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“Non-cost barriers” to renewable energy growth in Europe have been explored in an 

extensive research – commissioned by the EC – and summarized in Ecorys (2010). 

Authors of this report consider administrative hurdles – such as lengthy authorisation 

processes and missing of respective on-stop-shops – as the most severe non-cost 

barrier to RES-E deployment. Delays and denials of connection and access to the 

grid together with in-transparency in related procedures is regarded the second main 

barrier to RES-E deployment in Member States of the European Union. Findings set 

out in Ecorys (2010) broadly support the results and conclusions of this chapter. 

Specific conclusions from the evaluation of stakeholders’ opinion as set out in this 

chapter will be reflected in the concluding chapter of this thesis. 
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6 Conclusions and recommendations for different 
stakeholders 

This chapter partly builds on concluding recommendations of a research project, which has 

been co-financed by EACI88 within the Intelligent Energy Europe Programme. We kindly 

acknowledge this support. Compare Weissensteiner et al., 2009. In the first instance, 

recommendations derived from the consultation of European stakeholders, as also presented 

in Chapter 5 of this thesis, are concerned.  

6.1 Conclusions 

The implementation of renewable energy policies in Europe and the resulting 

increase in RES-E generation capacities have entailed the necessity to adapt 

prevailing electricity market rules and regulations for access to electricity 

infrastructure in order to account for certain characteristics of RES-E generation – 

such as comparatively small capacities, siting remote to load centres, variable 

outputs, etc. – and to protect new generators from discrimination. European energy 

policy has identified this need from the beginning of respective legislation (i.e. the 

Renewables Directive of 2001 (EC, 2001)). However, it has become evident, that 

practical implementations of legislative requirements were connected to many 

shortcomings. Reasons therefor can be seen in too vaguely phrased specifications or 

missing measures of enforcement. Also, market rules, grid codes and grid access 

regulations have developed heterogeneously – and to some extent independently – 

over decades in the electricity markets of different countries. Accordingly, the 

approach to harmonise standards of grid and market access of RES-E generation is 

connected to immense challenges. 

It has been set out in detail in chapter 3 of this thesis, that the implementation of 

spatially differentiated economic incentives for the cost-effective siting of RES-E 

generation within the electricity infrastructure constitutes such challenge: 

The political aim of consumer protection and the economic mandate of sustaining 

cost-effectiveness in the provision of energy services appear to be in conflict with 

ambitious deployment targets for renewable energy in connection with favourable 

                                            
88 EACI – European Agency for Competitiveness and Innovation is an agency of the European 
Commission and runs funding schemes in the fields of energy, transport, environment, 
competitiveness and innovation.  
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renewable energy sources in remote areas – such as offshore wind or solar PV in 

sparsely populated regions, which are distant to load centres.  

Planning processes have been identified to potentially mitigate this conflict in a way 

that major infrastructure extensions are designed for exploiting a regional energy 

source rather than accommodate electricity injections of single projects.  

Analysis developed and applied in chapter 4 of this thesis calls attention to 

distributional effects of differently specified regulations concerning the attribution of 

duties and costs regarding the grid connection of remote generators, such as 

offshore wind. 

Cost advantages from consumers’ perspective have been identified in the case that 

grid connection remains a duty of regulated grid operators rather than project 

developers. Lower costs for the financing of capital intensive infrastructures, benefits 

from a planning perspective and the potential to avoid producer surplus of generators 

provide evidence for the conclusion that cost effectiveness in the development of 

offshore wind farms (and other RES technologies characterised by specifically high 

connection costs) can be enhanced, if TSOs are attributed the responsibility to plan, 

finance, construct and operate respective infrastructure elements. 

The consultation of European stakeholders in the RES-E sector, such as authorities, 

grid operators and representatives of the RES-industry – as documented in chapter 5 

of this thesis – reveals that there exists significant potential for improving national 

electricity infrastructure regulations: European legislation, such as the Renewables 

Directive (EC, 2009a), accounts for the fact that meeting ambitious RES-E 

deployment target needs to be facilitated by regulations, which do not discriminate 

against RES technologies. However, national electricity infrastructure regulation and 

RES legislation appear to violate European legislation in many cases. The installation 

of a repetitive monitoring and adjustment process (National renewable action plans) 

(compare chapter 5.4) regarding national advancements towards meeting the 

outlined RES targets of 2020 by the European Commission may constitute an 

effective instrument for improving national regulations concerning access to and 

usage of electricity infrastructures: The Commission will mandate improvements 

especially in cases, where European law is not fully reflected or the reaching of 

national renewable energy targets appears questionable, if the status quo is 

maintained. 
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6.2 Recommendations 

In the following, most relevant recommendations for different groups of stakeholders 

involved in – or affected by – the design of policies and regulations for RES-E grid 

and market integration will be presented.  

Electricity market regulations have dynamically evolved over time within national 

boundaries, taking into account national peculiarities of resources, topology, industry-

structure and (energy) policy. Therefore – despite of partly successful efforts to 

harmonise European electricity markets – a broad variety of currently implemented 

regulations is still in place in different European countries. Accordingly, many topics 

have been subject to amendments in the past years and will be adapted also in the 

coming years. It can be expected that the regular mandatory submission of 

renewable energy action plans by Member States of the European Union and the 

consecutive evaluation of these reports by the European Commission (compare 

chapter 5.4) will even lead to an increase of adaptations of currently implemented 

regulations.  

On the background of this dynamic context, country specific – and in several cases 

potentially already outdated – recommendations derived in the course of the 

stakeholder consultation shall not be replicated here. Instead, the following 

recommendations shall comprise a set of lessons learnt in the regulation of electricity 

infrastructures and the large scale deployment of RES-E in Europe since 2001, when 

at the one hand gradual liberalisation of national power markets started – triggered 

by the first directive on an internal market in electricity (EC, 1996/92) – and on the 

other hand the first renewables directive (EC, 2001/77) came into effect. 

From this viewpoint, the following recommendations do have different relevance for 

different countries. Recommendations derived from the analysis of expert opinions 

and own research shall be categorised with respect to four target groups: electricity 

grid operators, regulatory authorities, RES-industry and associations and, finally, 

policy makers.  

One common aspect of all recommendations stated in the following is that nationally 

specified laws, regulations, procedures and practices have to be streamlined in a way 

that they support the goals of European (renewable) energy policy, a factor, which 

seems to be considered only partly until so far.  
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6.2.1 Recommendations for Grid Operators 

Even though grid operators fulfil a crucial role in the success of RES-E promotion, 

they are attributed a minor role in the design process of RES-E policies. However, 

associations of grid operators are usually being consulted in the preparation of 

national legislation and regulatory mechanisms. As regulated enterprises their 

economic incentives for dedicated RES-E investments have to be defined by policy 

makers and regulatory authorities. Anticipating further progress of European 

renewable energy policy, grid operators will in the medium to long term have to 

technically enable the deployment of RES-E technologies in large scale.  From this 

perspective it seems advantageous that this stakeholder group takes on a supportive 

role towards the integration of renewables as long as additional efforts (i.e. costs) are 

being compensated. 

Following recommendations are targeted towards grid operators: 

• Through active involvement in the decision making process of renewable energy 

legislation, infrastructure planning and energy regulation, grid operators and their 

associations on national and international level can bring in their expertise on the 

topic of RES-E grid and system integration and communicate the measures, 

which will enable them to support the reaching of national and international 

renewable energy policy goals. 

• Grid operators shall aim at highest transparency in the procedure of granting grid 

access to generators: Respective cost allocation methodologies and detailed 

mechanisms of determining disaggregated cost components as well as on the 

provision of ancillary services shall be publically available to all interested parties 

(comprehensive regulatory framework available in English translation on the 

website of grid operators and regulatory authorities). The provision of this 

information facilitates the improvement of implemented regulations and 

encourages international competition between prospective project developers. 

• The transparency with respect to different RES-E integration cost categories will 

raise public and political awareness that these costs also need to be considered 

– i.e. clearly attributed and reimbursed – in the design of renewable energy 

policies and infrastructure regulation. 
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• The evaluation of the feasibility to connect a certain generation capacity (or load) 

to a distinct access point (including potentially necessary infrastructure 

enhancements) shall be provided on a verifiable basis by the grid operator or 

independent organisations. 

• Grid operators shall publish detailed information on technical characteristics of 

the grid infrastructure in place as well as of on-going and planned 

enhancements. Information shall comprise topographic information on lines and 

substations, voltage levels, and thermal ratings. Above, available capacities for 

grid connection shall be stated for every substation. This measure, again, raises 

transparency, supports competition and decreases transaction costs from the 

viewpoint of connectees. Grid operators can benefit from better visibility of 

current scarcities with regard to substantiating their grid development and 

reinforcement projects.  

6.2.2 Recommendations for Regulatory Authorities 

Energy regulatory authorities play a significant role in the enhancement of the 

investment framework for RES-E installations. While regulatory bodies act on the 

basis of national and international legislation and therefore are facing a stringent 

framework for their operation, their level of activity and engagement heavily 

influences the interplay between grid operators, generators and consumers. 

Following actions are recommended for this group: 

Grid regulation: 

• In the elaboration of the terms of grid access and the determination of use of 

system charges, the aspect of cost allocation for RES-E integration and 

respective reimbursement mechanisms shall be treated separately, as European 

legislation allows for the positive discrimination of RES-E generation. 

• When incentive regulation schemes are applied, adaptive ex ante mechanisms 

reflecting potential extra costs due to RES-E integration need to be implemented 

into the principal formal framework in a way that additional costs faced by grid 

operators do not cut their profits but can be reimbursed via grid tariffs: Costs, 

related to the integration of RES-E, need to be exempted from incentive 

mechanisms, which impose improvements in cost-effectiveness on regulated grid 
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operators. Recovery of these costs shall be guaranteed via pass-through into use 

of system charges. 

• Complementary regulations need to be put in place, which ensure cost-

effectiveness  with respect to additional expenditures for grid integration of  

RES-E. Adaptivity in this context shall only be related to future activities, taking 

account of technological learning and economies of scale, but keeping the 

framework of cost recovery stable for sunk investments. 

• In the formulation of the principle regulatory mechanism (including adaptations 

for RES-E related costs) the applied approach needs to be easily understandable 

and intuitive to all market participants. 

• Incentives for investments into the transmission as well as distribution grid 

dedicated to the integration of renewable energy sources shall be evaluated on 

national level against the background of European legislation on a regular basis. 

A resulting progress report can be utilised for potentially necessary 

improvements of the incentive scheme in place. 

Unbundling and definition of system boundaries: 

• Safeguarding the compliance of grid operators and utilities with the basic 

unbundling principles provides a necessary precondition for successful 

entrepreneurial activities of RES-E generators. 

• The establishment of common connection boundaries to the grid infrastructure, 

both on the generation and demand side, sustains transparency in the process of 

obtaining grid access and supports the principle of unbundling in terms of clearly 

separating responsibilities between competitive and non-competitive segments of 

the electricity industry. 

Use of system charges and locational signals: 

• Shallow charging of grid integration costs for RES-E generator can support the 

cost-effective deployment of renewable potentials, as long as locational signals, 

which are reflecting the economics of grid enhancements, constitute a significant 

criterion in the planning process for the siting of plants. 

• Locational signals shall be implemented in an ex-ante approach in order to 

dynamically limit RES deployment to economically feasible potentials or such 
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sources, which are politically desirable to be deployed (e.g. wind offshore). 

Additionally, location dependent use of system charges are suited to provide an 

economic trade-off for generators between favourable potentials and 

infrastructure costs without increasing overall support costs. 

• Locational signals in the form of location-dependent use of system charges – 

having to be paid by generators – need to be related to electricity production 

(€/kWh) or rated capacity for a certain period (€/kWRES/yr) in order to prevent 

the establishment of financial barriers for project developers in terms of high 

upfront investment costs. Charging long run incremental costs to generators 

applying for grid access in a specific region rather than the costs of discrete 

upgrades to individual project developers avoids problems associated with first 

movers and free-riding. 

• Super-shallow charging of integration costs of offshore wind farms facilitates 

financing of these highly capital intensive projects and bears the potential to 

decrease the overall costs of connection, as capital costs faced by grid operators 

are supposed to be lower in comparison, while the investment 

horizon/depreciation time is longer. Super shallow charging promotes the 

realisation of cost-effective joint (versus strictly individual) connections of 

projects, which are located remote to existing grid infrastructure. 

• (Super)-shallow charging bears the potential to lower the producer surplus in 

case of diverging integration costs, which are positively correlated with pure long 

run electricity production costs. For this reason, overall costs for consumers for 

the support of RES-E can be lowered, or the volume of supported production 

increased under a constant support volume. Again, the implementation of 

location signals is necessary to maintain overall economic efficiency. 

General: 

• European Energy Regulators shall facilitate and support the harmonisation of 

national provisions for the access to and usage of the electricity grid 

infrastructure. Such efforts could result in a stepwise implementation of proven 

best practise regulation with respect to the integration of RES-E generation. 

• Strategic retention of licenses for grid access needs to be impeded in order that 

RES-E deployment is not delayed. Implementation of binding expiry dates for 
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grid access permits might be suitable to avoid the extraction of rents from 

speculation. 

• Regulatory provisions for the attribution of cost components of RES-E grid and 

system integration need to be consistent with cost-recovery mechanisms: If a 

party is attributed certain costs, according reimbursement mechanisms need to 

be put in place in order to avoid reluctance towards the connection of renewable 

energy sources. 

• Regulatory authorities shall aim at simplifying, standardising and accelerating 

procedures, which are necessary to obtain the status of eligible RES-E 

generators. 

6.2.3 Recommendations for RES-E Developers / Investors / Industry 
Associations 

RES-E developers and investors are eventually delivering the progress towards 

meeting renewable energy policy goals (together with consumers). Their economic 

environment is determined not only by promotion instruments for RES-E generation 

but also by the conditions in place for utilising the electricity grid infrastructure. 

RES-E developers, investors and industry associations can positively influence the 

decision making process of policy makers. Respective targets include: 

• Highest efforts need to be dedicated to their core competences (project 

development, realisation and operation). Therefore, a clear separation of 

responsibilities from the core competences of grid operators is regarded 

essential: (Super-)shallow integration approaches support such attribution of 

responsibilities. 

• Historically, RES-E developers and grid operators have often taken on opposing 

roles in their aim to improve their respective economic framework conditions. In 

the case of recovery mechanisms for costs, which arise to grid operators from 

integrating RES-E generation, an improvement from the viewpoint of grid 

operators is seen as beneficial also for RES-E developers. 

• RES-industry can contribute to increasing transparency in the provisions for grid 

access and grid utilisation by grid operators. Associations may gather and 

disseminate respective information on economic determinants. 
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• Industry associations can on this basis exert influence on policy makers with the 

goal of implementing proven best practise regulations observed in other 

countries. 

• RES-industry shall aim at deploying equipment, which complies with highest 

technical standards in terms of supporting grid stability and power quality (power 

management, frequency and voltage control) (compare Perez-Arriaga et Batlle 

(2012)). Establishing higher standards of grid compatibility of wind and PV power 

plants may contribute to removing reluctance of grid operators regarding the 

technical challenges induced by variable generation and limited predictability.  

6.2.4 Recommendations for Policy makers 

Policy makers are determining the economic framework for the development of 

renewable energies on international and national level. Respective legislation is the 

key determinant for the success in meeting policy goals. This legislation not only 

needs to incentivise the utilisation of different renewable sources via promotion 

instruments but also to establish favourable economic conditions for regulated grid 

operators: Economic provisions need to be established, which are suitable to 

motivate grid operators to invest into transmission and distribution grids with the 

objective of efficiently integrating renewable energy sources: 

Following actions are recommended for this group: 

Renewable energy policy: 

• On the background of existing European renewable energy policy and according 

RES-E targets policy makers need to develop a long term strategy determining 

 which renewable sources shall be deployed 

 to what extent these sources shall be deployed 

 in which timeframe they shall be deployed 

 in which regions different potentials shall be preferentially deployed. 

• On this basis, efficient criteria for the remuneration of costs arising from grid 

integration of these sources need to be established. 

• Spatial planning needs to allow for the deployment of renewable sources 

according to the objectives set by energy policy. 
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• Research and development expenditures of grid operators need to be 

incentivised, in order to trigger technological progress and learning with respect 

to integrating (volatile, dispersed, remote) electricity production from renewable 

sources. Public (co-)funding of respective research shall be excluded from 

overall revenue restrictions of grid operators (e.g. for equipment and personnel 

cost for research). 

• Renewable energy policies and according support schemes need to 

unambiguously define the responsibilities of grid operators and generators with 

respect to the costs, efforts and timeframes of grid integration measures 

(connections, reinforcements). According financial burdens need to be 

considered in terms of reimbursement mechanisms either in the regulatory 

provisions for grid operators or the level of financial support for generators. 

Economic framework of grid operators: 

• The introduction of an inherent mechanism in the regulation of grid operators to 

incentivise investments for efficient integration of RES-E generation is seen as a 

key success factor of meeting ambitious goals for the deployment of renewable 

energy sources. 

• Long investment cycles of electricity grid infrastructures and high capital intensity 

need to be reflected in the design of a forward looking investment environment 

for grid operators. These factors necessitate long-term stability of cost recovery 

mechanisms for infrastructure investments. 

Grid integration: 

• When grid connection is becoming a decisive cost component in the utilisation of 

renewable energy sources, as is the case for e.g. offshore wind energy, there is 

evidence from historical observation, that planning, installation and operation of 

respective transmission infrastructures needs to be put in the responsibility of 

grid operators in order to initiate the realisation of projects. 

• Shallow and super shallow grid integration approaches for RES-E in an 

environment of support policies can lead to lower transfer costs for electricity 

consumers, when overall cost-effectiveness is maintained via locational signals. 
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Administrative procedures: 

• Administrative procedures for the connection of micro-scale generation (< 30kW) 

can be kept to a minimum (installation by certified personnel and notification of 

the grid operator), as implemented regulations show. This policy activates private 

willingness to pay and becomes increasingly important, as micro scale RES-E 

generation technologies are approaching “grid parity”. 

• In order to speed up the deployment of RES-E, standardisation, simplification 

and acceleration of procedures, which are necessary to obtain the status of 

acknowledged generators, have been identified as high priority tasks for policy 

makers in several countries. 

• Currently, grid enhancements are often delayed by lengthy administrative 

procedures. In order to facilitate investments into grid infrastructure, 

administrative burdens need to be reduced and according procedures 

accelerated. 
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6.3 Outlook 

Anticipating an ambitious deployment of electricity generation capacities on the basis 

of renewable energy sources in the coming years in different European countries – 

which will be necessary for meeting energy policy targets of the European Union – 

the issue of cost-effectiveness of connecting and integrating these capacities into 

existing electricity infrastructures will become a topic of increasing importance: While 

historically wind and solar installations could be accommodated by existing 

infrastructure – to a large extent without major upgrades –, this may change for the 

near future: Large scale wind deployment in remote areas (sparsely populated 

regions or offshore) in the coming years will necessitate major investments into 

transmission infrastructures, both for project specific grid connections as well as 

extensions and upgrades of the high voltage grid. E.g. electricity from wind farms in 

Scotland, northern Scandinavian regions, Northern Germany or offshore will need to 

be transported across single countries or across borders in order to meet demand. 

Also, multiple rooftop PV installations – triggered by subsidies and increasingly 

already by grid parity – necessitate significant upgrades of primarily low and medium 

voltage grids. 

Implementation or strengthening of locational signals in grid charges for both 

generation and demand – while maintaining long-term investment security – may 

constitute an adequate means for sustaining cost-effectiveness in the deployment of 

RES-E: Higher grid charges would need to be compensated by improved economics 

of electricity generation in e.g. remote regions or within distribution grid operating at 

their technical limits.  

Apart from this charging-perspective, cost effectiveness of RES deployment may be 

enhanced by more efficient licensing procedures (“one-stop-shops”) and higher 

transparency in regulations for grid connection (e.g. availability and verifiability of 

information on technical parameters of grid connection, such as thermal loading of 

lines).  

Regarding potential improvements of cost-effectiveness in the deployment of RES-E 

stemming from the attribution of the responsibility for providing grid connections to 

different market actors and authorities, experience from different policy 

implementations will provide evidence for preferable regulations within the next 

years: 
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The super-shallow connection approach as implemented in the UK has already led to 

the first transfers of offshore connections from project operators to licensed offshore 

transmission operators89. 20 projected wind farms, which are expected to deliver up 

to 30 GW of additional capacity over the coming decade, will qualify for the so-called 

enduring regime, where designated offshore transmission operators will be able to 

take the full responsibility for transmission infrastructure from the start, including 

financing, planning and construction (Ofgem, 2012a). Then only it will eventually be 

observable from the level of regulated grid charges, to which extent specialisation in 

the sector of offshore transmission and potentially better financing conditions will 

have a positive impact on overall costs of electricity generation from offshore wind 

and, hence, on necessary levels of support.  

Also the German regulation for offshore wind connections – obliging incumbent 

transmission system operators to provide offshore grid infrastructure including 

substations – will prove its success in terms of effectuated installed capacities and 

cost-effectiveness from the viewpoint of electricity consumers over the coming years. 

Up to the present, investors and developers of German offshore wind projects have 

taken a reluctant position towards the timely installation of transmission 

infrastructure, as no reliable compensation mechanism for delayed connections has 

been put in place. On the other hand, it has become obvious that TSOs cannot be 

held responsible for causes of delays, which are beyond their sphere of influence, 

such as lengthy licensing procedures, supply bottlenecks90 or weather-induced 

installation postponements. As a response to this gap of responsibilities the German 

Ministry of Economics is currently drafting an enactment, which shall make electricity 

consumers liable for undue delays or outages of the offshore transmission 

infrastructure91.  

Also with regard to the influence of planning on the cost effectiveness of harvesting 

remote renewable energy sources, the realisation of large scale projects will provide 

evidence for further assessment: The integration of offshore wind farms into 

                                            
89 By June, 2012, 4 of 9 projects had been closed in the first batch of transitional tenders according to 
information from the website of the regulatory authority OFGEM (www.ofgem.gov.uk). 
90 The term „cable crunch“ has been introduced by conference speakers and journalists to describe 
supply bottlenecks for subsea-cables.  
91 The draft-enactment on an apportionment of offshore connection liabilities has not been published, 
however it has been publically discussed, e.g. by the FAZ (permalink: http://www.faz.net/-gqe-6zwc6).  
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international transmission links as well as coordinated approaches for the 

interconnection of multiple offshore wind farms located within designated deployment 

zones have been extensively discussed but still lack eventual materialisation. In this 

context, also ambitions for realising trans- or intercontinental renewable energy 

projects, such as Desertec92 or Helios93, potentially reveal immense challenges in 

terms of planning, financing and charging of supporting electricity transmission 

infrastructures, which appear far from being resolved. 

Much closer to implementation need to be regarded latest approaches of the UK 

government and energy regulatory authority OFGEM for putting into force measures 

to support efficient network coordination in offshore transmission (Ofgem, 2012b). 

Measures of the Offshore Transmission Coordination Project shall include regulatory 

and commercial incentives for anticipatory investments in offshore infrastructure in 

case of lagged installations of wind farms and clarification of regulatory boundaries of 

international interfaces. In the course of this attempt, a report has been 

commissioned by the Department of Energy and Climate Change, which estimates 

that coordination in the connection of UK Round 3 projects delivers savings in the 

range of £ 0.5-3.5bn (8 – 15% in relative terms) in comparison to strictly radial 

configurations of interconnection (DECC, 2012). EWEA (2009) values individual 

offshore wind farm connections versus a meshed European offshore grid, which not 

only interconnects generation capacities but electricity markets with currently limited 

cross-border capacities. Such meshed European offshore grid would lead to 

significantly lower average electricity generation costs and therefore – partly – 

outweigh respective investment costs.  

  

                                            
92 The Desertec consortium is aiming at deploying wind and solar energy projects in North Africa and 
the Middle East and establishing a meshed transmission grid between these regions and European 
Mediterranean countries.  
93 The Helios project is aiming at installing GW-scale solar energy projects in Greece and building high 
voltage electricity links to Western Europe.  
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Annex 

Table 0.1: Overview of current policies for the attribution of RES-E integration costs 
in selected European countries. 

 
Grid 
connection Grid reinforcement 

Austria Producer Producer 

Belgium Producer End user 

Denmark Producerx) End user 

France Producer Producer 

Germany Producerx) End user 

Greece Producer End user 

Ireland Producer Producer 

Italy Producer Producer 

Portugal Producer Producer 

Spain Producer Producer 

United Kingdom Producer Producer 

Cyprus Producer End user 

Czech Republic Producer Producer 

Estonia Producer End user 

Hungary End user End user 

Lithuania Producer Producer 

Malta Producer End user 

Poland Producer Producer 

Bulgaria Producer End user 

Source: http://res-legal.eu/en.html (visited March 2009), own investigations 
x) Costs for connecting offshore wind are borne by the transmission system 
operator and passed on to the end user. 

  

http://res-legal.eu/en.html
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Table 0.2: Extract of investment cost data. 

Offshore wind investment costs  
(near shore, shallow water) EWEA 2009  
  EURO % 
Turbine, Transport, Erection 1.078.000 49 % 
Foundation 462.000 21 % 
Main Cable, Substation 352.000 16 % 
Design, Project Management, Environmental 
Analysis, Misc. 198.000 9 % 

Internal Grid  110.000 5 % 
Total 2.200.000 100 % 

 
Offshore wind investment costs E&Y 2009  
  GBP % 
Turbine, Transport, Erection 1.504.000 47 % 
Foundation 704.000 22 % 
Main Cable, Internal Grid and Substation 608.000 19 % 
Design, Project Management, Environmental 
Analysis, Misc. 384.000 12 % 

TOTAL 3.200.000 100 % 
 

Offshore wind investment costs BWEA 2009  
  GBP % 
Turbine, Transport, Erection 1.550.000 50 % 
Foundation 775.000 25 % 
Main Cable, Internal Grid and Substation 465.000 15 % 
Design, Project Management, Environmental 
Analysis, Misc. 310.000 10 % 

TOTAL 3.100.000 100 % 
 

Offshore wind investment costs Source: dti 2007  
  GBP % 
Turbine, Transport, Erection 576.000 36 % 
Foundation 400.000 25 % 
Main Cable, Internal Grid, Substation 304.000 19 % 
Design, Project Management, Environmental 
Analysis, Misc. 256.000 16 % 

Substation 64.000 4 % 
TOTAL 1.600.000 100 % 
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Table 0.3: Extract of O&M cost data 

Offshore wind operating 
expenditures 

years 1-5 
GBP/MW/yr  

years 6-20 
GBP/MW/yr % Source 

Turbine O&M 54.000 55 % 66.000 60 % Ernst&Young 
(2009) 

Grid Maintenance 5.000 5 % 5.000 5 % E&Y (2009), dti 
(2005) 

Substation Maintenance 2.500 3 % 2.500 2 % E&Y (2009), dti 
(2005) 

Insurance 12.000 12 % 12.000 11 % Ernst&Young 
(2009) 

TNUoS onshore 3.000 3 % 3.000 3 % dti (2005) 
Lease 3.000 3 % 3.000 3 % dti (2005) 
Decommissioning 18.000 18 % 18.000 16 % Ernst&Young 

(2009) 
TOTAL 97.500 100 % 109.500 100 %   

Table 0.4: Locational parameters of selected UK Rounds II and III offshore wind 
farms. 

  Round average wind 
speed 100m 

water depth distance to shore 

    [m/s] [m] [km] 
Zone 1 – Moray Firth 3 10.1 57 27.5 
Zone 2 – Firth of Forth 3 9.7 80 53.6 
Zone 3 – Dogger Bank 3 9.8 63 197.2 
Zone 4 – Hornsea 3 9.3 59 99.5 
Zone 6 – Hastings 3 9.8 63 19.8 
Zone 9 – Irish Sea 3 9.8 74 37.7 
Docking Shoal 2 9.1 14 20.2 
Dudgeon East  2 9.2 22 36.6 
Greater Gabbard  2 9.9 37 32.5 
Gunfleet Sands 2  2 9.9 13 7.4 
Gwynt Y Mor 2 9.8 33 19.4 
Humber Gateway  2 9.2 18 10.1 
Lincs  2 9.2 12 9.3 
London Array 2 9.9 23 27.8 
Race Bank 2 9.1 23 33.2 
Sheringham Shoal 2 9.2 23 21.4 
Thanet 2 10.1 23 17.7 
Triton Knoll  2 9.2 28 40.8 
Walney  2 9.8 23 19.6 
West Duddon  2 9.8 21 20.2 
Westermost Rough  2 9.2 22 11.2 
          
Average Round 2 3 9.49 22.3 21.8 
Average Round 3 2 9.76 66.0 72.6 
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Table 0.5: Transmission cost data. 
UK Rounds II and III offshore wind farm connection costs 
*1 *1 *1 *2 *3 

Name of Offshore Wind 
Farm  Cost / MW  [£] 

distance dependant 
Cost / MW  [£] 
(escalated) 

Cost / MWh 
(12 %; 20a; 
LF 0,38) [£] 

Thanet R2 116.667 90.812 3.65 
Gwynt Y Mor R2 120.933 97.058 3.90 
West Duddon  R2 135.400 118.239 4.76 
Greater Gabbard  R2 147.400 135.808 5.46 
Humber Gateway  R2 162.333 157.672 6.34 
Walney  R2 170.222 169.222 6.81 
Westermost Rough  R2 179.167 182.318 7.33 
Gunfleet Sands 2  R2 184.615 190.295 7.65 
London Array R2 186.600 193.201 7.77 
Docking Shoal R2 212.000 230.389 9.27 
Bristol Channel R3 286.667 235.333 9.46 
Firth of Forth R3 300.000 250.000 10.05 
Lincs  R2 230.000 256.743 10.33 
Race Bank R2 231.000 258.207 10.38 
Triton Knoll  R2 240.583 272.238 10.95 
Irish Sea R3 329.032 281.935 11.34 
Dudgeon East  R2 251.667 288.465 11.60 
Sheringham Shoal R2 253.968 291.835 11.74 
Norfolk R3 348.387 303.226 12.20 
West Isle of Wight R3 350.000 305.000 12.27 
Hastings R3 368.000 324.800 13.06 
Moray Firth R3 386.000 344.600 13.86 
Dogger Bank + Hornsea R3 477.383 445.121 17.90 
          
*1   Source: Econnect (2005), Senergy Econnect and National Grid (2009) 
*2   Round 2 cost escalation: 4 years 10 %, according to E&Y (2009) 
      Round 3 cost escalation: 1 years 10 %, according to E&Y (2009) 
      non distance dependent costs: 80.000 [£/MW] (DTI (2005) and Sinclair Knight Merz 
(2008) 
*3   levelised cost of offshore grid connection 
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