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Technical paper by the United Kingdom 

ANNEX I. 

VALUE CHAIN DIAGRAMS FOR OFFSHORE WIND ENERGY 

Value chain diagrams – key: 

 

Chevron 
Colour 

Meaning 

  Activity or process involved in the 'Development and project management' 
stage of an offshore wind farm's lifecycle. In the delivery of a service, this 
represents a sub-stage of service delivery. In the delivery of a good (whether it is 
an input, intermediate, or final good), this represents a manufacturing activity or 
production process.  

  Manufacturing activity or production process involved in either the manufacture or 
assembly of a wind turbine 

  Manufacturing activity or production process involved in the manufacture, 
assembly, or installation of an offshore wind farm's balance of plant equipment 

  Manufacturing activity, production process, or installation process involved in the 
final installation and commissioning of an offshore wind farm 

  Manufacturing activity, production process, or installation process involved in the 

'Operation, maintenance and service' stage of an offshore wind farm 

  Activity or process involved in the 'Decommissioning' stage of an offshore wind 

farm's lifecycle 

  Input product, intermediate product, final product, or a service deliverable in any 
stage of an offshore wind farm's lifecycle 

 

  

 
1 This Addendum supplements the paper titled "Offshore Wind Energy – Submission of Information to 

trade and Environmental Sustainability Structured Discussions (TESSD) from the United Kingdom", 
INF/TE/SSD/W/26. 

https://docs.wto.org/dol2fe/Pages/FE_Search/FE_S_S006.aspx?DataSource=Cat&query=@Symbol=%22INF/TE/SSD/W/26%22%20OR%20@Symbol=%22INF/TE/SSD/W/26/*%22&Language=English&Context=ScriptedSearches&languageUIChanged=true


INF/TE/SSD/W/26/Add.1 
 

- 2 - 

 

  

Contents 

I.1.  DEVELOPMENT AND PROJECT MANAGEMENT ............................................................ 3 

I.1.1.  Development and consenting services .......................................................................... 3 

I.1.2.  Environmental surveys ............................................................................................... 4 

I.1.3.  Resource and metocean assessment ............................................................................ 6 

I.1.4.  Geological and hydrographical surveys ......................................................................... 8 

I.1.5.  Engineering consultancy ............................................................................................. 9 

I.2.  Wind Turbine ..............................................................................................................10 

I.2.1.  Nacelle ....................................................................................................................10 

I.2.2.  Rotor ......................................................................................................................12 

I.2.3.  Tower .....................................................................................................................14 

I.3.  Balance of plant ..........................................................................................................16 

I.3.1.  Cables ....................................................................................................................16 

I.3.2.  Turbine foundation ...................................................................................................17 

I.3.3.  Offshore substation ..................................................................................................18 

I.3.4.  Onshore substation...................................................................................................19 

I.3.5.  Operations base .......................................................................................................20 

I.4.  Installation and commissioning .....................................................................................21 

I.4.1.  Foundation installation ..............................................................................................21 

I.4.2.  Offshore substation installation ..................................................................................23 

I.4.3.  Onshore substation construction ................................................................................24 

I.4.4.  Onshore export cable installation................................................................................25 

I.4.5.  Offshore cable installation .........................................................................................26 

I.4.6.  Turbine installation ...................................................................................................27 

I.4.6.1.  Commissioning ......................................................................................................28 

I.4.7.  Construction port .....................................................................................................29 

I.4.8.  Offshore logistics ......................................................................................................30 

I.5.  Operation, maintenance and service ..............................................................................31 

I.5.1.  Operations ..............................................................................................................31 

I.5.1.1.  Training ...............................................................................................................31 

I.5.2.  Maintenance and service ...........................................................................................35 

I.5.3.  Balance of plant maintenance and service ...................................................................36 

I.6.  Decommissioning ........................................................................................................37 

I.6.1.  Turbine decommissioning ..........................................................................................37 

I.6.2.  Foundation decommissioning .....................................................................................38 

I.6.3.  Cable decommissioning .............................................................................................39 

I.6.4.  Substation decommissioning ......................................................................................40 

I.6.5.  Decommissioning port ..............................................................................................41 

I.6.6.  Reuse, recycling or disposal .......................................................................................42 
 
  



 

  

IN
F
/T

E
/S

S
D

/W
/2

6
/A

d
d
.1

 

 

- 3
 - 

I.1.  Development and project management 

I.1.1.  Development and consenting services 

Development and consenting covers the work needed to secure consent and manage the development process through to financial close. 
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I.1.2.  Environmental surveys 

To determine the environmental impacts, a full suite of environmental surveys of the wind farm location and its surroundings is undertaken. These surveys 
establish the baseline for the assessment and allow impact modelling to be undertaken. 
 

• Benthic environmental surveys: Benthic studies survey species that live on the sea bed and in sediment. The survey data and analysis is used to 
define areas of similar environmental conditions on the sea bed and to inform habitat and species impact studies. 

• Fish and shellfish surveys: establish what species are present in the water column within the proposed wind farm site and surrounding areas. The 
resulting data is used to inform impact analysis and reporting. 

• Ornithological surveys: establish the presence and behaviour of birds within the wind farm boundary and surrounding areas. The data from these 
bird surveys is used to establish the risks to birds that a wind farm may pose. 

• Marine mammal surveys: establish the diversity, abundance, distribution and behaviour of cetaceans (including porpoises, dolphins and whales) 

and seals within the wind farm boundary and surrounding areas. Surveys are typically undertaken monthly for at least two years to establish how 
these variables change across seasons and between years. The data from these surveys is used to establish the potential impacts to marine mammals 
that a wind farm may pose. 

• Onshore environmental surveys: consider the potential ecological impact that cable-laying and onshore substations may have on the onshore 
environment. 

• Human impact studies: assess the impact that a proposed wind farm may have on the community living in and around the coastal area near the 

wind farm. 
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I.1.3.  Resource and metocean assessment 

A resource and metocean assessment is carried out to provide atmospheric and oceanographic datasets to inform the engineering design of a wind farm, the 
potential future energy production, and to fully describe the likely operating conditions at the proposed wind farm location. 
 

• The structure: provides the mounting for the meteorological and metocean, sensors and auxiliary systems plus safe access for personnel. 

• Sensors: provide data on meteorological and oceanographic conditions at the site of interest. Data loggers provide data storage, processing and 
remote communications capability. 

• Maintenance: Offshore wind and metocean systems will require maintenance, including inspection, cleaning and refuelling (where diesel generators 
or hydrogen fuel cells or similar are used). 
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I.1.4.  Geological and hydrographical surveys 

Seabed surveys analyse the sub seabed environment of the proposed wind farm site and export cable route to assess its geological condition and engineering 
characteristics. The data collected is utilised in a wide range of engineering and environmental studies through the design and development phase.  
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I.1.5.  Engineering consultancy 

Front-end engineering and design (FEED) studies address areas of wind farm system design and develop the concept of the wind farm in advance of procurement, 
contracting and construction. Earlier on in the process, pre-FEED studies are used to develop an outline concept of the project for the purposes for defining the 
consent envelope and to inform environmental impact studies. The FEED study is continually refined through the development process and is ultimately used to 

frame and process substantial engineering and procurement decisions.  
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I.2.  Wind Turbine 

The turbine converts kinetic energy from the wind into three-phase AC electrical energy. 
 
I.2.1.  Nacelle 

The nacelle supports the Rotor and converts the rotational energy from the rotor into three-phase AC electrical energy. 
 

• Bedplate: supports the drive train and the rest of the nacelle components and transfers loads from the rotor to the tower. 

• Main bearing: supports the rotor and transfers some of the rotor loading to the nacelle Bedplate. 

• Main shaft: transfers torque from the rotor to the gearbox or, for some direct drive designs, the generator. It is supported at the rotor end by the 
main shaft bearing and at the other end either by the gearbox / generator or separately mounted bearing. 

• Gearbox: converts rotor torque at a speed of 5-15 rpm to a speed of up to about 600 rpm for a medium speed gearbox and 1500 rpm for a high-

speed gearbox for conversion to electrical energy by the generator. 

• Generator: converts mechanical energy to electrical energy. 

• Power take-off: receives electrical energy from the generator and adjusts voltage and frequency for onward transfer to the wind farm distribution 
system. 

• Control system: provides supervisory control (including health monitoring) and active power and load control in order to optimise wind turbine life 

and revenue generation, while meeting externally imposed requirements. 

• Yaw system: orients the nacelle to the wind direction during operation. 

• Yaw bearing: connects the nacelle and tower, enabling the yaw system to orient the nacelle to any wind direction during operation. 

• Auxiliary systems: facilitate ongoing unattended operation of the wind turbine for the vast majority of the time, and support planned maintenance, 
which typically should be only on an annual basis. 

• Nacelle cover: provides weatherproof protection to the nacelle components plus support and access to external components such as coolers, wind 
measurement equipment and lighting protection devices. 

• Small engineering components: make up the rest of the nacelle assembly. 

• Structural fasteners (either bolts or studs): are used in a range of critical bolted joints, for example connecting rotor to main shaft, main bearing 

housings to nacelle bedplate and yaw bearing to the underside of nacelle bedplate. 

• Condition monitoring systems: provide additional health checking and failure prediction capability. 
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I.2.2.  Rotor 

The rotor extracts kinetic energy from the air and converts this into rotational energy in the drive train. 
 

• Blades: capture the energy in the wind and transfer torque and other unwanted loads to the drive train and rest of the turbine. 

• Hub: connects the blades to the main shaft. 

• Blade bearings: enable adjustment of blade pitch angle to control power output from the turbine, minimise loads and start/stop turbine as required. 

• Pitch system: adjusts the pitch angle of the blades to control power output from the turbine, minimise loads and start/stop turbine as required. 

• Spinner: provides environmental protection to the hub assembly and access into the hub and blades for maintenance personnel. 

• Rotor auxiliary systems: may be incorporated to lubricate bearings and provide condition monitoring and advanced control inputs. 

• Fabricated steel components: often required to stiffen the blade bearing support and provide a connection for hydraulic pitch system actuators. 
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I.2.3.  Tower 

The tower is typically a tubular steel structure that supports the nacelle. It also provides access to the nacelle and houses electrical and control equipment. Also 
provides shelter and storage for safety equipment. 
 

• Steel: the most commonly used material for the manufacture of towers. 

• Tower internals: provide means of access, lighting and safety for maintenance and service personnel, plus means of transferring hand tools and 
components to the nacelle. They provide support for control and electrical cables and housing of switch-gear, transformers and other elements of 
power take-off. Tower internals also provide storage for survival equipment. A tuned damper may be located at the top of the tower to aide damping 

of tower and structure resonances. 
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I.3.  Balance of plant 

The balance of plant includes all the components of the wind farm except the turbines, including transmission assets built as a direct result of the wind farm. 

 
I.3.1.  Cables 

The cables deliver the power output from the wind turbines to the grid. 
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I.3.2.  Turbine foundation 

The foundation provides support for the wind turbine, transferring the loads from the turbine at the tower interface level (typically around 20m above water level) 

to the sea bed where the loads are reacted. The foundation also provides the conduit for the electrical cables, as well as access for personnel from vessels. 
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I.3.3.  Offshore substation 

Offshore substations are used to reduce electrical losses before export of power to shore. This is done by increasing the voltage, and in some cases converting 

from alternating current (AC) to direct current (DC). The substation also contains equipment to manage the reactive power consumption of the electrical system 

including the capacitive effects of the export cables. 
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I.3.4.  Onshore substation 

The onshore substation transforms power to grid voltage, for example 400kV. Where a high voltage DC export cable is used, the substation will convert the power 

three phase AC. 
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I.3.5.  Operations base 

The operations base supports the operation, maintenance and service of the wind farm. 
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I.4.  Installation and commissioning 

All installation and commissioning of balance of plant and turbines, including land- and sea-based activity. For offshore activities, the process starts by transporting 

components from the nearest port to manufacture to either the I.7 Construction port or straight to site. Activities are complete at the wind farm construction 

works completion date, where assets are handed over to operational teams. 

 

I.4.1.  Foundation installation 

Foundation installation consists of the transport and fixing of foundation in position. 
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I.4.2.  Offshore substation installation 

The installation of the offshore substation consists of the transfer of the substation from its quayside fabrication site and the installation on the foundation. 
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I.4.3.  Onshore substation construction 

The construction of the onshore substation consists of the construction of the infrastructure and the installation of electrical equipment. 
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I.4.4.  Onshore export cable installation 

The installation of the onshore export cable completes the connection between the offshore export cable and the onshore substation. 
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I.4.5.  Offshore cable installation 

The installation of array cables enables the connection of the wind turbines to the offshore substation whilst the installation of the export cable enables the 

connection between the offshore and onshore substations. 
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I.4.6.  Turbine installation 

Turbine installation involves transportation of the turbine components from the Construction port and installation of the turbine components onto the foundation. 
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I.4.6.1.  Commissioning 

After installation, commissioning is the process of safely completing mechanical and electrical assembly, putting all systems to work and addressing punch lists 

before handover. 
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I.4.7.  Construction port 

The construction port is the base for pre-assembly and construction of the wind farm. Separate locations may be used for feeding foundations and the wind 

turbines to a wind farm. Location is critical as it affects the time spent in shipment and sensitivity to weather windows. 
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I.4.8.  Offshore logistics 

Offshore logistics involves coordination and support of offshore installation and commissioning activities. 
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I.5.  Operation, maintenance and service 

Operation, maintenance and service (OMS) are the combined functions which, during the lifetime of the wind farm, support the ongoing operation of the wind 
turbines, balance of plant and associated transmission assets. OMS activities formally start at the wind farm construction works completion date. 

The focus of these activities during the operational phase is to ensure safe operations, to maintain the physical integrity of the wind farm assets and to optimise 

electricity generation. 

I.5.1.  Operations 

Operations relate to management of the asset such as health and safety, control and operation of the asset including wind turbines and balance of plant, remote 

site monitoring, environmental monitoring, electricity sales, administration, marine operations supervision, operation of vessels and quayside infrastructure, and 
back office tasks. 

I.5.1.1.  Training 

Training ensures that OMS personnel are qualified to fulfil the roles needed by the wind farm while ensuring their own safety and those of colleagues. 
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I.5.1.2.  Onshore logistics 

Onshore logistics involves support and resources to the wind farm operations, including quayside infrastructure, warehousing, logistics and operational planning. 
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I.5.1.3.  Offshore logistics 

Offshore logistics involves management and coordination of all marine based activities and operations. 

 

 
 

Offshore Logistics

Crew transfer vessels

Installation

W
o

rksh
o

p
 facilities

Sp
ares an

d
 to

o
lin

g sto
rage

A
cco

m
m

o
d

atio
n

 b
erth

s

M
ess, w

e
lfare an

d
 leisu

re facilities

W
alk to

 w
o

rk syste
m

Service operation 
vessels

Installation

W
o

rksh
o

p
 facilities

Sp
ares an

d
 to

o
lin

g sto
rage

A
cco

m
m

o
d

atio
n

 b
erth

s

M
ess, w

e
lfare an

d
 leisu

re facilities

W
alk to

 w
o

rk syste
m

Turbine access 
systems

Assembly

H
yd

rau
lics

C
o

n
tro

l syste
m

s

Steel in
frastru

ctu
re

Helicopters

Specialist offshore 
pilot training

Weather forecasting 
and metocean data

Marine planning 
software

Communications 
equipment

Asset tracking

Safety planning and 
systems

HS 88021X HS 890110

H
S 8

5
3

7

H
S 8

4
1

2
2

1
O

R
 H

S 8
4

1
2

2
9

H
S 7

3
0

8

HS 890110

HS 8517



 

  

IN
F
/T

E
/S

S
D

/W
/2

6
/A

d
d
.1

 

 

- 3
4
 - 

I.5.1.4.  Health and safety inspections 

Health and safety inspections are a crucial activity to ensure the ongoing safe operation of wind farm infrastructure and systems, and to fulfil statutory obligations 

to inspect safety critical systems on a regular basis. 
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I.5.2.  Maintenance and service 

Maintenance and service activities ensure the ongoing operational integrity of the wind turbines and associated balance of plant, including planned maintenance 

and unplanned service in response to faults, either proactive or reactive. 
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I.5.3.  Balance of plant maintenance and service 

Balance of plant maintenance and service is focused on ensuring the operational integrity and reliability of all wind farm assets other than the wind turbines, 

including the substation(s), foundations, array cables, export cables, scour protection and corrosion protection systems. 
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I.6.  Decommissioning 

Removal or making safe of offshore infrastructure at the end of its useful life, plus disposal of equipment. 

I.6.1.  Turbine decommissioning 

Complete removal and shipment to shore of turbine rotor, nacelle and tower. 
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I.6.2.  Foundation decommissioning 

Removal and shipment to shore or cut-off at sea bed level and making safe. 
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I.6.3.  Cable decommissioning 

Removal and shipment to shore. 

 

 
 

 
 
  

C
ab

le
 d

ec
o

m
m

is
si

o
n

in
g

Se
ct

io
n

 
ch

o
p

p
in

g
D

ru
m

 w
in

d
in

g

P
u

lli
n

g 
fr

o
m

 s
ea

b
ed

C
ab

le
 d

is
co

n
n

ec
ti

o
n

O
R



 

  

IN
F
/T

E
/S

S
D

/W
/2

6
/A

d
d
.1

 

 

- 4
0
 - 

I.6.4.  Substation decommissioning 

Decommissioning plans typically are required as part of gaining approval to construct. These may define specific requirements for removal of components below 

the mud line which in turn may drive the choice or design of substation foundations and installation methods. 
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I.6.5.  Decommissioning port 

Port where equipment removed is offloaded and marshalled for next stage of processing. 
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I.6.6.  Reuse, recycling or disposal 

Once equipment is onshore, there is a motivation to extract maximum value via reuse, recycling or disposal. 
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