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EXECUTIVE SUMMARY  

The Offshore Coordination project investigates options for a coordinated approach to the offshore 

transmission network design in Great Britain . This report investigates the costs and benefits of such a 

coordinated approach compared to the approach followed  until now.  

The CBA  (Cost -Benefit Analysis)  execution entails the comparison of different offshore designs, 

ñCounterfactualò and ñIntegratedò, in order to evaluate the costs and benefits of each alternative. The 

Counterfactual approach attempts to extrapo late current project activity into the future, it applies 

development approaches that have been utilised to date. The I ntegrated approach, considers offshore grid 

evolution in a holistic manner looking for ways to provide wider system benefits, aggregate i nfrastructure 

to reduce the number of onshore landing points, provide boundary benefits, etc. The CBA analysis has 

been performed based on the ñLeading the Wayò scenario from 2020 Future Energy Scenarios (FES), as it 

represents the scenario that meets the government targets of 40 GW of offshore wind in 2030 and 75 GW 

in 2050.  

For th e design  comparison several indicators (key performance indicators or KPIs) have been valuated. 

The investment and maintenance cost of the network (CAPEX and OPEX) and the system  cost of the 

operation of the electricity supply system have been quantified and monetised. Other KPIs such as the 

amount of renewable energy that is used, CO 2 emission s and grid losses have been quantified. Finally , 

some KPIs have been qualified like secu rity of supply , local and environmental  impacts.   

The quantified KPIs of both the integrated and counterfactual alternative are shown in Figure 0-1.  

 

Figure 0 - 1  Summary of valuation results for quantitative KPIs (by how much in % the 

Integrated scores better than the Counterfactual) 1  

We conclude that  the  Integrated approach is more advantageous overall.  Figure 0-1 shows the scores of 

the KPIs of the Counterfactual design compared to those of the Integrated design. The  Integrated design 

scores better on CAPEX, OPEX and residua l impacts (e nvironmental impacts, social and local impacts ) . The 

Integrated also scores better on all qualitative KPIs that are related to the security of electricity supply. 

 
1 * For quantification of Environmental, Social and Local impacts refer to Table 2 -2.  

RES curtailment

OPEX

CO2 emission

Social and local
impacts*

Grid losses

CAPEX

System Costs

Environmental

impacts*

Summary of Results
Counterfactual Integrated
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For system cost, RES curtailment, CO 2 emission and grid losses, there is no notab le difference between 

the Integrated and the Counterfactual .  

Prior to  the execution of the CBA a preparation of the CBA methodology  was carried . This methodology 

describes how to determine the costs and benefits and score them based on inputs , scenarios and other 

assumptions. An overview of the interaction between CBA methodology and execution is shown in Figure 

0-2 below.  

 

Figure 0 - 2  Overview of the interaction between a CBA methodology and execution.   

 

The developed methodology has been tailored specifically to  allow for the  objective assessment of societal 

costs and benefits. The methodology has been based on the  HM Treasury Green Book guidelines for the 

economic appraisal combined with the dedicated CBA fr amework for offshore  grids developed within the 

EU research project PROMOTioN (PROgress on Meshed  Offshore Transmission Networks).
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1  INTRODUCTION  

1.1  Offshore Coordination project background  

This report is prepared as a part of the Offshore Coordination project . The Offshore Coordination project 

investigates options for a coordinated approach to the network design offshore. The impacts that different 

approaches would have on the volume of new network infrastructure required have been assessed  from a:  

¶ transmission system perspective in terms of compliance with existing regulatory framework 

rules, security of supply, shareability, suitab ility  for future extension and cost and  

¶ stakeholder perspective particularly in terms of amenity and environme ntal considerations 

onshore and offshore both during construction and during  the  operational life of the new network 

infrastructure.  

As part of this project, detailed work has been carried out to:  

¶ review different technology options and identify components  that are (or are expected to be) 

available within the offshore wind farm development timescales;  

¶ develop and assess network solution options for connecting new offshore generation to the 

transmission system;  

¶ investigat e the impact of offshore on the onshore system on the point s of connection and 

boundaries and identifying at a  high level how onshore and offshore can work as a whole system  

¶ identify and assess socio -economic benefits and impacts of more coordinated offshore 

dev elopments, and  

¶ consider local coastal community impacts and general amenity impacts associated with different 

network designs . 

Workstreams with specific focus were established for this project.  Figure 1-1 provides an overview of 

these workstreams:  

 

 
Figure 1 - 1  Offshore Coordination project structure  

 

This repo rt is the main deliverable of WS 2C: Cost -Benefit Analysis.  

1.2  Cost - Benefit Analysis  

 

This report involves both the preparation of the CBA (Cost -Benefit Analysis) methodology and the 

execution of the CBA. Clarification is required on the distinction between the cost -benefit analysis  and 

the cost -benefit anal ysis methodology  to execute a CBA.  
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A Cost - Benefit Analysis (CBA)  is an assessment of the costs and benefits of an investment decision in 

order to assess the welfare change attributable to it. 2  

HM Treasury Green Book refers to a more general concept of Appraisal  -  the process of assessing the 

costs, benefits and risks of alternative ways to meet  government objectives. It helps decision makers to 

understand the potential effects, trade -offs  and overall impact of options by providing an objective 

evidence base for decision making. Economic appraisal is based on the principles of welfare economics ï 

that is, how the  government can improve social welfare or wellbeing, referred to in the Green Book as 

social value 3.  

Such an assessment can be used as a tool to judge the advantages and disadvantages of the investment 

decision. The aim of a CBA is to assign a value to the benefits expected from the project 4 and compare 

these to the costs, which are expected to be incurred by developing the project. If the  benefit exceeds 

the cost, there is justification for the project to go ahead. Often an appraisal is performed in comparison 

to a reference óbusiness-as-usualô case, i.e. an estimation of the costs and benefits that will continue to 

arise if the project is  not carried out.  

 

A CBA methodology  provides a set of guidelines on how to perform a CBA. The methodology describes 

how to ensure a robust and consistent analysis of multiple projects. This is achieved through: guidelines 

on establishing a common input da taset, common reference sources, common indicators, a common 

time horizon, and common discount rates to be applied. The CBA methodology should outline also the 

methodology for the sensitivity analysis.  

 

A CBA methodology should be:  

¶ able to encompass and compare a wide range of considered alternative projects;  

¶ project and scenario 5 independent (impartial);  

¶ a single methodology to assess alternatives on equal footing.  

 

A CBA methodology defines:  

¶ the scope and boundaries of the CBA:  

o whether it  regards national or cross -national infrastructure;  

o whether it regards a project value or the value to society.  

¶ the project alternatives;  

¶ the scenarios and sensitivities to analyse at a minimum, and  

¶ the indicators and KPIs  (Key Performance Indicator s)  to m easure the impact of project 

alternatives.  

Figure 1-2 shows the relation between CBA methodology and execution.  

 

 

2 European Commission.  ñGuide to Cost-Benefit Analysis of Investment Projectsò, 2014.  
3 HM Treasury. The Green Book. Central Government Guidance on Appraisal and Evaluation., 2018  

4 A project  is defined as a cluster of investments that are expected to be in similar development stages. Note that 

sometimes a project may be  just a single investment or a full offshore system . 

5 A scenario is a set of assumptions that d escribes a possible future development of the region where the researched 

system or project alternative will be developed and operated. Scenarios illustrate future uncertainties, in this report 

this includes renewable energy capacity, generation portfolio,  load growth, energy prices, CO 2-prices, regulatory 

framework, etc.  
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Figure 1 - 2 : Overview of the interaction between a CBA methodology and execution.  

The CBA assessment follows the described steps of the methodology to perform a full assessment of socio -

economic, technical, environmental and residual im pact categories of a project. These impacts have been 

identified and translated into indicators in the methodology. The assessment will determine the value of 

each defined indicator for each alternative project. By comparing the indicator values of alterna tive projects, 

the assessment can then perform a scoring of, or comparison between project alternatives. A detailed 

description of the CBA methodology  can be found in Chapter 3. 

 

2  CBA EXECUTION  

In this chapter the actual CBA execution is described  including  assumptions  on scop e, scenarios, project 

alternatives , assessment f ramework , applied tools  and the  results per KPI.  

2.1  Scope of the project and CBA methodology  

The purpose of the  project  is to eva luate the planned offshore wind energy to the onshore area . For the 

evaluation of alternative solutions an Augmented CBA  is used to determine the v alue to Great Britain 

society and to local communities/societies.    

2.2  Scenarios  

Of the 2020 F uture Energy Scenarios (FES) , only one, ñLeading the Wayò (LW) meets the pace and scale 

required for  the governmentôs goal of 40 GW  of offshore wind  in 2030 and 75 GW in 2050.  Accordingly, 

our analysis has f ocussed on that one scenario to inform integrated design. Figure 2-1 and Figure 2-2 

describe this scenario in total regional capacity objectives by area.  
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Figure 2 - 1  Regional offshore capacity build - up towards 2050 target  

 

Fig ure 2 - 2  Growth in Offshore Wind by Offshore development region  

The scenario Leading the Way  (LW)  is characterised by presenting the most favourable carbon reductions 

from each sector and the achieve ment  of the net zero target as the earliest credible date 6 . Some 

chara cteristics of this  scenari o and the operational behaviour modelled for the technologies present, have 

an influence on the optimisation and generation dispatch result s. The presence of CCS ( Carbon Capture 

and Storage ) technologies in the scenario , receiving the CO 2 price per emissions captured, results in those 

plants having a baseload behaviour . The CCS plants present  more incentive to generate tha n the renewable 

sources in some of the years . If the CCS operational philosophy is changed, that could lead to different 

market simulation results. A s imilar effect could be derived from a change in operational behaviour of the 

electric vehicles included in the system.  The CCS plant rece iving  the CO2 price also  leads to negative total 

generating cost  as can be seen in section  2.7.3.1 .  

 
6 FES 2020 scenario framework ï Publication V1  



  
 

 

 

 

DNV GL -  Energy  ï  Report No. 20 -1154 , Rev. 3  ï  www.dnvgl.com/energy   Page 5 

 

 

Our analysis assumes that there is a level of integration between 2025 and  2030, and this is what would 

be an ideal scenario to deliver maximum integration. However, from a practical point of view some of the 

assumed integration in the earlier stages of the designs may not be possible in reality, where projects are 

already at an  advanced stage of development. Therefore, full integration before 2030, as envisaged in this 

analysis, may be not be achievable and changes may need to happen in a phased way for projects 

connecting in that period.  This will impact on the extent to which the number of onshore landing points 

can be reduced by 2030 and potential savings by 2050.  

2.3  Project alternatives  

In order to consider the benefits of an integrated approach, one of the additional activities has been to 

describe a ñcounterfactualò approach (also called null alternative in the CBA methodology) with which the 

integrated approach may be compared.  

The counterfactual approach is an attempt to extrapolate current project activity into the future, using the 

approaches to offshore utilised in develo pments that have been commissioned to date. The integrated 

approach utilises conceptual building blocks identified in our  technical investigation  and  considers offshore 

grid evolution in a holistic way  looking for ways to provide wider system benefits, agg regate  infrastructure 

to reduce the number of onshore landing points, provide boundary benefits, etc.  

Figure 2-3 schematically shows  counterfactual and integrated designs used for the CBA . 

 

Figure 2 - 3  Counterfactual (left) and Integrated (right) grid desig ns 7  

2.3.1  Assumptions  

Some of the high - level assumptions relevant to the approach taken in developing the designs are given 

below. A full overview of all assumptions and rationale for the designs, as well as a detailed component -

level implementation of connections (building blocks) can be found in the Technology Report 8. 

¶ The conceptual designs assume that all the transmission system reinforcements recommended to 

proceed in the Network Options Assessment for 2020 are built, up to and in cluding in 2028. They 

therefore do not appear in the designs.   

 
7 This picture will be replaced in a next version of the report by an easier to read one.  

8 Holistic Approach for Offshore Transmission Planning in GB , r eport No.: 20 -1153  ï final version on 11/09/20 , further referred as Technology 

Report  
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¶ Existing infrastructure and new projects that are planned to connect to the onshore network prior 

to or during 2025 are assumed to have been built as planned so are not included in the designs .  

¶ Whilst projects due to connect from 2025 onwards are included in the designs, this may not be 

achievable in reality and changes may need to happen in a phased way for projects connecting 

before 2030. This will  have an  impact on the extent to which the t ransition from the status quo to 

the Integrated option will be achieved by 2030 and subsequently 2050 and therefore the extent 

to which the number of landing points can be reduced, the amount and location of network required 

both onshore and offshore and t he cost -benefit analysis.  

¶ Individual lines represent indicative cable corridors, which where relevant will include several 

cables, rather than single cables. Multiple cables landing in a single location will require larger 

onshore infrastructure than indi vidual cables and will take up a greater area of seabed. The lines 

should not be take n to be specific cable routes.  

¶ These are conceptual network designs and further detailed analysis of many factors such as more 

detailed planning, coordination and operati onal analysis are required to turn these into specific 

plans to  be take n forward. Consideration of further future energy scenarios, least worst regret 

analysis on the approach to take, seabed analysis and the impact on the environment and coastal 

communiti es would also be needed.  

¶ Sizing  of connections both in the Counterfactual and in the Integrated designs is based on Future 

Energy Scenarios, network reinforcements projected in Network Options Assessment ( NOA), 

Electricity Ten Year Statement (ETYS) data fo r network boundary capacities and publicly known 

interconnector development plans.  Both designs respect SQSS  (Security and Quality of Supply 

Standard )  requirements.  

A high - level comparison  of two design approaches  is given in Table 2-1. 

Table 2 - 1  High - level comparison to the approach of counterfactual and integrated designs  

Counterfactual ï Proj ect by project  

transmission build up  

Integrated -  Transmission  asset sharing 

enabled  

Year -on -year requirement individually  Anticipates future requirements  

Considers point - to -point offshore network 
connections only  

Includes multi - terminal/meshed HVDC  (High 
Voltage Direct Current )  and HVAC  (High Voltage 
Alternating Current )  options  

Individual project optimisation and 
transmission (HVAC or HVDC) decision  

Whole system optimisation and transmission 
technology decision  

Onshore g rid and offshore network designs 

are separate  

Considers effect on onshore system in offshore 

design  

Interconnector separately designed and 
connected  

Interconnector / bootstrap capacity shared by 
OWF (offshore wind farm)  

Local community impacts managed project by 
project   

Overall local community impacts considered  

 

2.4  KPIs  

Below is an overview of the KPIs that will be used in the CBA execution stage to compare different 

conceptual gird designs and counterfactual case. An indication is given of whet her the KPI will be 

quantified, monetised or qualified.  
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Table 2 - 2  KPI overview  

Monetised  Quantified  Qualified  

System costs  RES (Renewable Energy 

Sources )  Integration  

Security of supply -  Adequacy  

CAPEX (capital expenditure)  Carbon intensity  Security of supply -  Security  

OPEX (operational expenditure)  Grid losses  Security of supply -  Resilience  

  Environmental impacts  

  Social and Local impacts  

 

2.5  Assessment framework  

For the comparison of alternative designs m onetisation is used  as much as objectively possible and 

relevant . A summary of the monetised KPIs, the quantified KPIs and the qualified KPIs has already been 

shown in the previous section.  

The comparison of alternatives is done with based on the valued KPIs . We  show them  in a summary table 

in section  2.7.1  and graphically  as a spider diagram . 

The valua tion of costs and bene fits has been conducted for the following time frame:  

¶ Costs: c omplete development  of the project, from year 2025 until 2050, in steps of one year.  

¶ Benefits , B1, B2 and B3: evaluation based on market modelling outcomes of years 2030, 2040 and 

2050 , and li near interpolation applied between year s to cover  the timeframe of 2025 -2050 . 

The foll owing e valuation parameters  have been used:  

¶ Economic life of assets is 25 years  

¶ Discount rate 3.5% (see also section 2.7.2 )  

¶ Price base  is 20 20  

¶ Residual value of costs and benefits has not yet been taken into account. The impact of this will be 

investigated in the next version  

¶ Commodity prices of Great Britain acco rding to 2020 Future Energy Scenarios (FES), Leading the Way 

scenario.  

2.6  Tools to determine KPIs  

DNV GLôs European market model is used to determine the exchanges, generation dispatch, unit 

commitment, and local price formation processes. Technical Work streams  Network models have evaluated  

the behaviour of physical network flows including the effect of contingencies.  

The market simula tions  have  been conducted  in the PLEXOS optimization software. Th e model used 

contains detailed representations of the electricity generation, renewable capacity , transmission , and 

electricity demand  for the European countries selected and the Great Bri tai n regions.  The operation of the 

power system is simulated using a fundamental market model, which simulates both unit commitment and 
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dispatch , and incorporates transmission constraints and physical parameters of generating plants. The 

optimization is based on the mi nimization of the total generation costs. It is assumed that generators price 

their generation based on their short - run marginal costs, i.e. the power price is set by the cheapest 

(marginal) power plant that does not run at its maximum capacity.  These assu mptions simulate a perfect 

competition situation within an energy -only market. Capacity markets and balancing markets are not 

explicitly modelled . The optimization is performed with an hourly time resolution for the years 20 30,  20 40 

and 2050 . 

Power plants are modelled with detailed techno -economic characteristics , e.g.  ramp rates and minimum 

stable level, heat rate curves, variable operation & maintenance and start costs , etc . 

Renewable generation takes volatility into account through the use of historical or re -analysed time -series 

of e.g. wind -speeds and solar - irradiation data for different locations. These profiles take the geographical 

correlation into account.  

Market exchanges between regions  and countries  are limited based on net - transfer -capacities ( NTC). 

Within bidding zones, no grid constraints are taken into account , except for GB, which is modelled based 

on five regions.  

The demand consists of an hourly fixed demand profile and a flexible ñdemand side managementò 

component due to flexible chargin g for electric mobility, household battery storage and electric heat ing . 

The market model utilised  represents Great Britain and European market as follows:  

Å Great Britain plus connected countries and their exchanges with their neighbouring countries  

Å Zonal ( per bidding zone ) with nodal redispatch for G reat Britain  (con strained run)  

Å For all project alternatives the same market design (bid into the national market or cross border 

to other countries).  

Counterfactual connections, being radial may be modelled as conventional sources of power injection into 

the GB market model. Integrated solutions however have multiple options for distribution of power onto 

the GB model which will change as the output of the regional wind changes. This complexity is be yond the 

current PLEXOS model to capture, and as such will be discussed qualitatively in subsequent CBA drafts.  

2.7  Valuation  

This section presents the results of valuation per KPI  grouped under categorises:  

¶ Costs  

¶ Benefits  

¶ Residual impacts  

2.7.1  Summary of  Results  

Figure 2-4 shows an illustrative overview of results for those KPIs that can be quantified. As a result of 

our analysis it is evident that Integrated design scores bette r in Environmental Impacts , Social and Local 

impacts , CAPEX and OPEX . The Integrated also scores better on all qualitative KPIs that are related to the 

Security of electricity supply.  For the other KPIs we did not observe notable differences between the 

In tegrated and the Counterfactual, therefore at this stage concluding that Integrated approach is more 

advantageous  overall.  
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Figure 2 - 4  Summary of valuation results for quantitative KPIs  ( by how much in % the 

Integrated scores better than the Counterfactual ) 9  

 

A summary cost, benefits and residual impacts  discounted over 25 years is reported in  Table 2-3.  

 
9 * For quantification of Environmental, Social and Local impacts  refer to  Table 2 -2. 

RES curtailment

OPEX

CO2 emission

Social and local

impacts*

Grid losses

CAPEX

System Costs

Environmental impacts*

Summary of Results

Counterfactual Integrated
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Table 2 - 3  Value of KPIs for Counterfactual, Integrated and difference (white ï negligible 

difference, amber ï Counterfactual scores better, green ï Int egrated scores better)  

KPI  
Counterfactual  

(C)  

Integrated  

(I)  

Difference (C - I)  

Absolute  %  

System Costs  
MGBP 

64,581  64,503  78  0.1% 

RES curtailment  
TWh  

1,61 5.7  1,67 1.6  -55.9  -3.5% 

CO2 intensity  
Mtonnes   

208.3  208. 1 0. 2 0.1% 

Grid losses TWh 249.0  259.4  -10 .3  -4.2% 

CAPEX MGBP 29 ,000  23,399  5,601  19% 

OPEX MGBP 7,113  6,097  1,016  14% 
(CAPEX + OPEX)  
MGBP 

36 ,113  29 ,496  6,617  18% 

Environmental 
impacts  

100% landing 
points  

40% landing 
points  Integrated has about 

50% of impact 
expected for  

Counterfactual  

50% 
100% offshore 

cables  
80% offshore 

cables  

100% onshore 
cables/lines  

40% onshore 
cables/lines  

Social and local 
impacts  

100% lines/cables 
100% substations  

40% 

lines/cables 
40% 

substations  

Integrated has less 

than 50 % impact 
expected  for 

Counterfactual  

40% 

Security of supply 

ï Adequacy  
NA NA 

Integrated scores 

better  
N/A 

Security of supply 
ï Security  

NA NA 
Integrated scores 

better  
N/A 

Security of supply 
ï Resilience  

NA NA 
Integrated scores 

better  
N/A 

  

2.7.2  Cost s 

Summary  

The summary of the lifetime (discounted) cost comparison is given in Table 2-4. The Integrated gives 19% 

lower CAPEX and 14% lower OPEX. The total lifetime cost of the I ntegrated design is about 18 % ( 6.6 

billion pounds) lower than the Counterfactual.  The difference in cost of 18 % is substantial enough to 

conclude that the Integrated design is a cheaper option for GB (Great Britain) in terms of direct costs.  This 

is a cent ral estimate, sensitivities  of the costs  will be included in subsequent drafts . 

Table 2 - 4  Lifetime comparison of the  discounted  costs of the Counterfactual and  the  

Integrated designs (values in M £) 

  Counterfactual  Integrated  %  

CAPEX  £         29,000   £         2 3,399   19%  

OPEX  £           7,113   £           6,097   14 %  

Total   £         36,112   £         29 ,496   18 %  

 

As shown below, the overall difference is not necessarily representative for all regions of GB. By how much 

the Integrated design is eventually cheaper is a matter of locational circumstances.  
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Scope  

Figure 2-5 and Figure 2-6 present  single - line diagram s of typical HVAC and HVDC connections. 

Components which were included in the CAPEX and OPEX estimate are shown within blue figure brackets.  

In our valuation we do not take into account  offshore wind farm (OWF) infrastructure that is in place 

regar dless of offshore grid design ( wind turbines, inter -array cables , etc ).  

 

Figure 2 - 5  Components comprising typical HVAC connection  

 

 

Figure 2 - 6  Components comprising typical HV DC connection  

Cost optimisation in the Integrated  

In Figure 2-6 we assume that for offshore windfarms within 30 km distance of an offshore HVDC conv erter 

it is not required to have  an  intermediate HVAC transformer. Thus, we do not count the costs of offshore 

HVAC transformer, offshore HVAC platform, offshore HVAC cable and offshore reactors for such cases. The 

question remains how many windfarm s, or essentially wind turbines, can be located within such a distance 

from an HVDC hub (typically below ~30km) so that it is possible to connect 66 kV inter -array windfarm 

cables directly in the HVDC hub, without the need for an intermediate HVAC step -up transformer.  

In the present draft we have assumed that relative locations of windfarms  and HVDC platforms in the 

Integrated design are optimised in order to minimise the number of intermediate HVAC transformers and 

platforms . This means  that  most of the  installed  wi nd capacity per offshore region  will be located close 

enough to  the HVDC collector hub  and will  not  require intermediate platforms. It is not  known whether 

this will be fully achieved in the reality  as there are no historic precedents  to integrating such large offshore 

wind capacities into HVDC platforms . Location  of windfarms is usually subject to wind resource availability , 

seabed  conditions, aerodynamic considerations to reduce wake effects from neighbouring turbines , etc. 

However, we b elieve that such an assumption is valid  ï as the size of the wind turbines keeps growing, 

this  optimisation will be possible  to achieve as the energy density of windfarms per the unit of area 



  
 

 

 

 

DNV GL -  Energy  ï  Report No. 20 -1154 , Rev. 3  ï  www.dnvgl.com/energy   Page 12  

 

 

increases (same installed capacity requires smaller area). In th e Counterfactual alternative such 

optimisation is not required,  and windfarms can be spread across wind development zones uniformly.  

Input data  

Unit cost data was used  to calculate the  magnitude  of expenditures required to implement a grid consisting 

of a given set of components.  The unit cost data can be found in the Technology Report delivered within 

the Technology  workstream of Offshore Coordination project.  This unit cost discussion relates to historic 

cost informatio n informing technology selection across conceptual designs  and provides insights in how  

the historic values will evolve in the future .  

I n this report also  an  outlook can be found of how future costs will decline . This cost decline  is based on 

learning eff ects, economies of scale, industry learning, raw material cost projection, etc. In the following  

sections we will utilise  the cost s with  the projected declines factored in.  Additionally,  the Technology Report 

notes the potential for cost and delivery efficiency from the standardisation and modular delivery of 

integrated solutions, which are not costed as these are commercially driven and  cannot be adequately 

forecasted . 

Note that in the following sections  all costs are expressed at their present value, thus discounted  with the 

correct application of Spackman approach 10 , unless otherwise stated.  

2.7.2.1  CAPEX  

Summary  

CAPEX of Integrated design  for the whole GB offshore network is 19% lower than that of the Counte rfactual. 

However,  the magnitude of improvement between the Integrated and the Counterfactual varies per region 

depending on locational circumstances.  Integrated design utilises more novel technology and therefore 

benefits a lot from the  future  development s and associated cost decline s.  

 

Figure 2 - 7  CAPEX comparison of Counterfactual and Integrated per offshore wind region  

(values in M £ )  

Figure 2-7  and Table 2-5 show CAPEX  of Counterfactual and Integrated per offshore wind development 

region.  

 
10  Spackman approach is described in HM Treasury Green Book. It recommends to use STPR (social time preference rate) of 3.5% for  

discounting future cashflows in economic appraisal.  
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Table 2 - 5  CAPEX comparison of Counterfactual and Integrated per offshore wind region 

(values in M £ )  

  Counterfactual  Integrated  %  
Dogger Bank   £         6,064   £         5,355  12%  

Eastern Regions   £         7,521   £         5,263  30%  

East Scotland   £         3,709   £         2,623  29%  

North Scotland   £         7,859   £         6,382  19%  

North Wales   £         3,720   £         3,650  2%  

South East   £            126   £            126  0%  

Total   £       29,000   £       23,399  19%  

 

Explanation  

The differences observed between the regions are affected by the balance of technologies available , the 

consequential impact of the designs used on  the onshore system , the volume of wind that is integrated in 

a certain region and onshore network capabilities.  

Some regions are only marginally more expensive in the Counterfactual design as conventional r adial 

HVAC approach based on individual project development delivers efficiencies on shorter distances. It is 

also more attractive where the volumes of wind are relatively  low. This is shown for North Wales region  

where the difference between two approache s is only 2% .  

In South East region no integration is possible  due to low total wind capacity  (0.7 GW).  Thus , as is shown 

in  Figure 2-3, the Counterfactual and the Integrated designs are identical.  

Conversely , when there is a large amount of wind to be integrated in the system that is already 

approaching its operational limits , or when offshore windfarms are located at larger distances ï coordinated 

approach clearly delivers benefits in terms of reduced investments. This is applicable to Eastern Regions, 

East Scotland , North Scotland  and Dogger Bank .  

The above results  for the North Wales  are in line with the approach which has been utilised for offshore 

wind deployment until now. Individual HVAC connections are cheaper than integrated HVDC at shorter 

distances due to lower offshore platform costs and no need for expens ive HVDC converters. At longer 

distances and higher scales HVDC becomes more attractive due to significant savings on the cable cost 

which compensate for the converter costs. Furthermore, at longer distance HVAC would require 

intermediate reactive compensa tion devices and platforms to host them ï HVDC allows to avoid these. 

Where several offshore wind farms are installed in proximity to each other , being able to integrate HVDC 

infrastructure allows to further reduce the number of components in the Integrate d design and bring extra 

cost reduction as compared to individual radial design.  

For reference non -discounted total CAPEX can be found in Table 4-1 in section 4.  

Comparison per year  

Figure 2-8 and Figure 2-9 show CAPEX  on a yearly basis for the considered period highlighting relative 

contribution of different component types.   
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Figure 2 - 8  CAPEX Counterfactual per year  (values in M£)  

 

Figure 2 - 9  CAPEX Integrated per year  (values in M£)  

One of the  takeaways from Figure 2-8 and Figure 2-9 is that the Integrated design has more a nticipatory 

investments in the earlier years  than the Counterfactual . This is a typical phenomenon  for a coordinated 

approach to grid development as  offshore grid assets are being built ahead of offshore wind rollout. These 

integrated assets often aggregat e several offshore wind  farms  on them, which means their total 

transmission capacity corresponds to the total generation capacity of  the windf arms. The integrated 

infrastructure needs to be in place by the time the first  of the aggregated wind  farms is built , although  the 

last one  can be delivered in  later years.  Some of these considerations are inevitable to any technology or 

co-ordination approach. I n the counterfactual case each offshore wind farm has its own connection  which 
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only needs to be delivered when this windfarm is built , thus offshore wind rollout goes in parallel with grid 

construction  and there is no need to invest  in transmission capacity upfront . Anticipatory investments also 

create parallel transmission corridors or re - locate early generation to offset boundary power flow, providing 

operational efficiencies. Conversely counterfactual onshore reinforcements will be driven by later NOA 

driv en investment signals to meet the SQSS -  these effects will be further discussed in a future draft  

Another notable point  from the above figures is that CAPEX of the Counterfactual  is characterised by a 

higher proportion of HVAC -related costs, while Integrat ed is mainly driven by HVDC platforms and HVDC 

converters. Depending on the cost development of specific technology , one of the designs may in reality 

get cheaper  or more expensive. In our  unit costs we utilised projected cost declines both for HVAC and 

HVDC with HVDC  having more potential for becoming cheaper as it matures.  Specific sensitivities of cost 

analysis using future cost effects will be presented in next draft.  

Comparison per offshore wind region  

 

 

Figure 2 - 10  CAPEX Counterfactual  per region (values in M£) 11  

 
11  DB ï Dogger Bank, ER ï Eastern Regions, ES ï East Scotland, NS ï North Scot land, NW ï North Wales, SE ï South East.  
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Figure 2 - 11  CAPEX Integrated per region (values in M£)  

From Figure 2-10  and Figure 2-11  it can be observed that the cost of offshore platforms and offshore HVDC 

converters are the two cost  components that are higher in the Integrated design CAPEX . Although, the 

Counterfactual features almost three times more onshore connections, these connections are primarily 

implemented via short (<150 km) HVAC, which has low offshore platform and transfo rmer costs and 

relatively low cable cost. Integrated design has more offshore HVDC links  which require large platforms to 

accommodate heavy HVDC converters . This leads to the situation when lower number of assets in 

Integrated has higher cost per link .  

Scope  and Assumptions  

CAPEX includes offshore network infrastructure plus onshore transmission corridors (reinforcements) 

where suggested by Conceptual Designs development as shown in Figure 2-3. Components that are 

included in the estimate are:  

¶ HVAC connection:  
o HVAC transformer offshore  
o HVAC platform  

o HVAC cable  
o HVAC reactive compensation offshore  
o HVAC reactive compensation platform  
o STATCOM onshore  

o HVAC transformer onshore  
¶ HVDC connection:  

o HVDC converter(s) offshore ï two converters are used for bipole links, one for each pole  

o HVDC platform(s) ï two platforms are used for bipole links, one for each pole  
o HVDC cable. For bipole links the cost of metallic return is also added.  
o HVDC converter(s) onshore ï two converters are used for bipole links, one for each pole  
o HVAC interlink between offshore HVDC converters to provide redundancy  

For the completeness of the picture we explain  how multi -purpose interconnectors are treated in this st udy. 

The CAPEX assessment  of Integrated and Counterfactual does not include the cost of interconnectors as 

those are assumed to be developed independently  with pre -determined technical specifications which  are 

treated similarly in both designs.  Where  the  I ntegrated design implies that certain offshore windfarms are 

connected into interconnectors  offshore , we only take into account the part of connections between the 

 £-

 £1,000

 £2,000

 £3,000

 £4,000

 £5,000

 £6,000

 £7,000

 £8,000

DB ER ES NS NW SE

CAPEX Integrated Discounted

 DCCB

 HVAC interlink

 HVDC platform

 HVDC converter offshore

 HVDC converter onshore

 HVDC cable

 HVAC platform

 HVAC transformer offshore

 HVAC transformer onshore

 HVAC cable

 Reactor offshore

 Reactor onshore

 Reactive compensation platform

 STATCOM



  
 

 

 

 

DNV GL -  Energy  ï  Report No. 20 -1154 , Rev. 3  ï  www.dnvgl.com/energy   Page 17  

 

 

windfarms and offshore interconnector  terminal that allows for connection . In the Counterfac tual such 

windfarms would require a link to onshore  substation  hence the entire connection to shore is considered .  

Other studies 12  have treated interconnectors in a different way,  analysed smaller parts of an offshore 

network  and considered different integration approaches,  thus may have come to different conclusions . 

2.7.2.2  OPEX  

Summary  

Lifetime OPEX is around 25% of CAPEX for the Counterfactual and 2 6% for the Integrated design. OPEX 

fo r the Integrated is 1 4% cheaper than for the Counterfactual.  

Table 2 - 6  OPEX comparison of Counterfactual and Integrated  (values in M £ )  

 Counterfactual  Integrated  %  

OPEX   £           7,113   £         6,097   14 %  

 

 

Figure 2 - 12  OPEX comparison of Counterfactual and Integrated per  year (All values in M £ )  

Figure 2-12  show annual OPEX levels for the Counterfactual and Integrated designs.  

Explanation  

Integrated design OPEX is not as much cheaper than the Counterfactual as CAPEX  (14%  difference  for 

OPEX against 19%  for CAPEX )  due to two reasons:  

1.  Integrated design has higher share of HVDC components which have somewhat higher OPEX  than 

HVAC which are heavily used in the Counterfactual  

2.  More investments are done in the early years, thus less affec ted by discounting  when calculating 

OPEX in present value terms .  

To explain the second factor, w e refer to  Figure 2-13  where this  is visualised for a single representa tive 

offshore connection . The chart shows  discounted annual operational expenditures  (blue and green bars)  

for the same connection if it was  built in 2025 and 2035 . The  cumulative OPEX  (blue and green line)  

 
12  North Sea Grid -  http://northseagrid.info/sites/default/files/NorthSeaGrid_Final_Report.pdf   
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calculated up to 2050 would var y by a factor of two for the two investments . Of course , the  assets built in 

2035 will keep bearing operational expenditures for another ten years ( we assume 25 -year lifetime as 

explained in 3.8.3 ) however these payments are far in the future . These expenditures are discounted 

significantly , thus their contribution to  the total OPEX is marginal and is not accounted for.  

 

Figure 2 - 13  Illustration of n egative effect of anticipatory investments  on project OPEX  (values 

in M £ )  

OPEX i nput data  

Input data for annual equipment OPEX was provided by Unit Cost work stream as a fixed percentage of 

CAPEX per component type. This data was utilised accordingly within our estimates and can be found in 

the Technology Report . 

OPEX cost for AC and DC systems  include periodic maintenance of equipment which typically includes the 

following tasks:  

¶ Scheduled maintenance of the foundations and structure  
¶ Scheduled maintenance of the topside and electrical equipment  
¶ Scheduled maintenance of the electrical equipment at the onshore substation  

¶ Scheduled maintenance of cables  

Cost s included in OPEX are labour, spare parts, consumables, supply and accommodation vessels, crew 

transfer vessels or helicopter costs if applicable, travel expenses for staff and overnight accomm odation, 

waste disposal and management.  

2.7.2.3  Overall Cashflow comparison  

Figure 2-14  and Figure 2-15  below show  year -by -year cashflow for the implementation of each grid design.  

In general , a similar pattern is observed with high investment volumes between 2025 and 2035 , then dip 

until 2040 , and another uptake till late 2040s. This pattern  follows anticipated offshore wind rollout as  

given by the FES scenario a s shown in  Figure 2-1. The e ffect of discounti ng results in lower present value 

for the second investment  term (2040 - late 2040s) as compared to the first (2025 -2035).  
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