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Local knowledge, global reach

Arup Across The Globe

Å Arup is a global, independent firm of designers, 

planners, engineers, consultants and technical 

specialists.  

Å In the energy space, our markets include 

Hydrogen, Renewable Energies, Conventional 

Energies, Grid Interconnections and Energy 

Storage. 

Å We are one of the largest and most successful 

international engineering consultancies.  

Å In 2023, Over 19,000 staff working with 6,800 

clients in 150 countries and an annual turnover of 

over £3.2bn. 

Å Arup is a wholly independent organisation owned 

in trust. With no shareholders or external 

investors, our firm is able to independently 

determine its own priorities and direction as a 

business. 
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Arupôs Reach
Global office location & staff numbers

Auckland 

66

Sydney 822

Canberra 17

Melbourne 596

Brisbane 427

Townsville 

11

Cairns 19

Adelaide 80

Perth 179

Jakarta 37

Kuala Lumpur 186

Penang 82

Singapore 424

Manila

Ho Chi Minh City 73
Phnom Penh 2

Bangkok 39

Mumbai 37

Hyderabad 49

Beijing 112

Seoul  5 Tokyo 109

Shanghai 237

Taipei 27
Wuhan 22Chongqing 37

Hong Kong
Guangzhou 48

Shenzhen 190

Macau 62

Dubai 52

Abu Dhabi 1 

Harare 39

Johannesburg 30

Durban 29
Cape Town 18

Istanbul 197

Ankara 9

Belgrade 13Milan 115

Madrid 210

Kraków 63
Warsaw 115

Copenhagen 63

Berlin 175

Amsterdam 243

London 2615
Düsseldorf 26

Frankfurt 83

Cork 187

Limerick 17

Galway 30 

Dublin 431

Edinburgh 146

Glasgow 139 

Belfast 98

Bristol 363

Cardiff 351

Leeds 371

Liverpool 60

Manchester 360

Nottingham 87

Sheffield 142

Solihull 709

Winchester 60

Newcastle 318

Boston 86

New York 400

New Jersey 41
Washington DC 48

Chicago 39

Toronto 300
Montreal 59

Seattle 43

San Francisco 208

Houston 67

Bogotá 26

Los Angeles 271

Oakland 24

Bangalore 1 

Kota Kinabalu 11

Bagatelle 101

Abuja 1

Lagos 122

Whitehaven 86

Dallas 17

SIT Specialist Offices

$3.2bn
turnover

19,000+ staff
working on local, national and 

international projects

75 years
of profitable 

trading debt free

5,500+ staff
Working in the Asia 

Pacific region

2021 - European Technical Adviser of the year

2020 - International Thought Leader Consultant of the Year, 

Consult Australia Awards for Excellence Large Firm of the Year

2019 - European and African, North American and Latin    

American Technical Adviser of the year

2018 - European and African Technical Adviser of the year, 

Arup tops Infrastructure Journal league table by deal value, top 

advisor in infrastructure investment for past 20 years



Arup Offshore Wind Track Record ïAsia
Extensive Integrated Advisory Experience

# Wind Farm MW Developer/ Operator Country

1 Changfang Xidao 600 CIP Taiwan

2 Yunlin 640 WPD Taiwan

3 Hai Long 1000 NPI / Yushan Taiwan

4 Greater Chunghua 900 Orsted Taiwan

5 Taiwan OWF Site Prospecting - RWE Taiwan

6 Market Entry Assessment - John Laing Taiwan

7 Taiwan Site Screening - CLP Taiwan

8 HK Offshore 150 CLP Hong Kong

9 Akita Port 55 Kajima Japan

10 Noshiro Port 88 Kajima Japan

11 Kashima Port 187 Obayashi Japan

12 Mutsu Bay 800 Confidential Japan

13 Kujukuri 600 Eurus Japan

14 Japan Market Entry - Japan Wind Development Japan

15 Japan Market Entry - Confidential Japan

16 Pacifico Energy Portfolio - Pacifico Energy Japan

17 India Market Entry - Confidential India

18 Indonesia Site Prospecting - Confidential Indonesia

19 Philippines Roadmap - World Bank Group / DOE Philippines

20 AnmadoConcept & FEED 532 AWC Korea

21 Monopile Foundation Study - GS E&C Korea

22 Market Entry Study - Northland Power Korea

23 Market Entry Study - Vena Energy Korea

24 Energy Yield Assessment 520 Vena Energy Korea

25 TDD for multiple Sites - RWE Korea

26 Typhoon Risk Assessment - RWE Korea

27 Wando-GeumilOSS Topside 600 Blue Wind Korea

28 Jacket StructureConcept 400 Foresys Korea

29 O&M Market Study 1,200 Confidential Korea

30 Portfolio Acquisition 3900 Confidential APAC
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Arup Offshore Wind Service
Global expertise from design to technical due diligence

ÅMonitoring and 
life extension

ÅMonopiles

ÅJackets

ÅSuction buckets

ÅGravity bases

ÅReinforced 
concrete

ÅSteel.

ÅFoundations

ÅDC and AC

ÅElectrical

ÅMechanical

ÅStructural 
design

ÅOffshore 
cabling 

ÅConsenting 
and 
approvals.

ÅGIS

ÅConstraint 
mapping.

ÅProcess 
advice

ÅFundraising 
and financial 
structuring

ÅFinancial 
modelling

ÅCommercial 
structuring

ÅInvestment 
case.

ÅTechnical

ÅBusiness planning 

ÅEnvironmental 
review

ÅH&S review.

ÅStrategy and 
business case

ÅPolicy and 
regulatory analysis

ÅEconomic impact 
analysis

ÅCommercial due 
diligence

ÅEnergy modelling

ÅMarket and supply 
chain review.

ÅGround 
modelling

ÅCables and 
mooring

ÅGround 
investigations

ÅSite selections.

Strategy and 

Economics

Transaction 

Advice

Corporate 

Finance

Foundations Geotechnical Electrical Environmental



Transforming the Global Energy System
How to speed up the race to net zero

In 2019 84% of primary energy came from 

fossil fuels. It was 86% in 2000éé.

éé.because demand is growing almost as quickly 

as our ability to build low carbon alternatives.

We need to reduce their CO2 emissions to net zero by 2050. 
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27,000 to 129,000 TWhr/year 

Electrification at Pace
Up to 5x more electrification growth required by 2050



A Rapid Ramp Up is Required 2020-2030
Electrification, Transmission, Hydrogen, CCS and Renewables need to quadruple in investment  



Global Offshore Wind Speeds
The best wind is found close to the poles and along ocean coastlines

70% of surface area is water 



Global Offshore Wind Energy
Assessment of 115 countries around the world for practical/ commercial reach

ÅRegions with wind speeds > 7m/s above 100m

ÅFixed offshore wind less than 50m depth

ÅFloating suitable for 50m to 1000m water depth

ÅOnly regions 200km from shore

ÅTurbine planting density of 3MW per km2 (wind speed 7-8m/s) and 4MW 

(wind speed 8m/s)

ÅIgnore isolated regions

ÅTotal Energy Potential = 71,000 GW (> global electricity demand)

 (20,000GW fixed and 51,000GW floating)



Current Total Installed Wind Capacity
A total of 48.2GW Installed by 2021

Offshore wind has 

accelerated rapidly since 

2010 due to technological 

advances and falling 

costs



Expectations For Next 15 Years
Growth of over 10 times expected over the current 15 years



Offshore Wind Capacity Awarded in 2021-22
Key Markets in UK, China, USA and Europe Accelerating Due to Energy Security

China 15.0 (Est)



World Leading Opportunity Over 30 Years
Key ascendant offshore wind markets

Source: IRENA, Oct 2019 óFuture of Windô report LINK

Cumulative installed capacity (GW)

file:///C:/Users/alan.thomson/Downloads/IRENA_Future_of_wind_2019.pdf


Evolution of Offshore Wind Turbine Capacity
Turbines Technology has increased significantly of the past 20 years



Setting Up and Offshore Wind Project
Pre-Project Development and Project Management

ÅDevelopment and Consenting Services

ÅTarget Site Identification and Assessments

Å Prospecting for suitable sites and comparison of different attributes.

ÅEnvironmental Impact Assessments

Å Environmental Surveys

Å Benthic Environmental Surveys

Å Fish and Shellfish Surveys

Å Ornithological Surveys 

Å Marine Mammal Surveys

Å Human Impact Surveys



Enabling Offshore Wind Deployment

SCALE balances site conditions, geospatial 

considerations, and constraints, to provide the 

Levelized Cost of Energy (LCOE) and 

recommended foundations andturbines for any 

given site.  Primarily driven by

ÅWind Resources

ÅWater Depth

ÅDistance from Shore

Rapid and accurate LCOE assessments



Site Constraint Mapping
Evaluation of Site Conditions

ÅAssess the Study Area with respect to 

different constraints

ïEnvironmental Sensitive Area

ïCoral Reefs

ïFishery Activities

ïMilitary Affairs

ïCultural Activities

ïNearby Large Infrastructure and 

Construction Projects



ÅMetocean Studies

Å Comprehensive study of ocean environmental conditions including bathymetry, 

wind , waves, currents, temperatures etc. 

ÅProject Programming

Å Master programme and identification of the project critical path

Å Identification of key project programme risks

Å Monitoring to identify and mitigate delays and equipment purchase planning

ÅProject Permitting and Licencing Support

Å Early studies for the procurement of development licences.

Setting Up and Offshore Wind Project
Site characteristics, programming and permitting



ÅWind Resource Monitoring and Assessment

Å Planning and implementation of suitable wind measuring equipment

Å Data collection and compilation 

Å Interpretation of the results & business case

ÅGeotechnical and Geophysical Assessments

Å Planning and procurement of geotechnical and geophysical surveys

Å Derivation of geological models for the site.

ÅTurbine Selection

Å Assessment of suitable turbine types, class and sizes for given conditions

Å Optimal and extreme wind speeds. turbulence effects

Å Cost and efficiency

Å Operations and Maintenance

Setting Up and Offshore Wind Project
Site characteristics and turbine selection



ÅEnergy Yield Assessments & Micro-Siting 

Analysis

Å Interpretation of the wind monitoring results using specialized software

Å Assessment of the micro-climate at the selected wind farm site

Å Determination of initial site layout plans to maximise annual yield

ÅInitial Concept and Pre-Feed Designs

Å Development of initial concept and Pre-Feed designs 

Å Basis for EPC tendering.

Å Development of initial cost estimates

Å Facilitate the planning and purchase of balance of plant equipment.

Source: Arup; Offshorewindbiz

Setting Up and Offshore Wind Project
Concept and FEED services



https://projekter.aau.dk/projekter/files/198432593/thesis_Fischetti.pdf

Turbine Layouts
Turbine Layouts are Determined to Maximise Wind Energy Capture while Minimising Wake Losses



Micro Siting and Energy Yield Assessment
Layout Optimisation

Stage 1. Impact of phase 2 project Stage 2. Layout optimisation compared to the original layout. 
Stage 3. Selection of the best AEP 

among three turbines.

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 Scenario 8 Scenario 9 Scenario 10 Scenario 11

Doosan DS205
8MW without
neighboringOWF.

Doosan DS205
8MW with
neighboringOWF.

Doosan DS205
8MW with
neighboring OWF
and the Phase 2
project.

Doosan DS205
8MW with the
neighboringOWF

Unison U210
10MW with the
neighboringOWF.

VestasV1626MW
with the
neighboringOWF

SGRE200 10MW
with the
neighboringOWF

GE Haliade X
12MW with the
neighboringOWF

Doosan DS205
8MW with the
neighboring OWF
and the Phase 2
project.

SGRE200 10MW
with the
neighboring OWF
and the Phase 2
project.

GE Haliade X
12MW with the
neighboring OWF
and the Phase 2
project.

Red: Phase 1

Blue: Phase 2

Green: Neighboring OWF 



Grid Connections are optimised for cost considering distances and losses

Schematic Layout of an Offshore Wind Farm

Courtesy of World Bank ï Key Factors For Successful Development of Offshore Wind Farms in Emerging Markets



https://projekter.aau.dk/projekter/files/198432593/thesis_Fischetti.pdf

O&M HarbourConstruction 

Harbour

Idealised Offshore Wind Farm
Typical Characteristics for a Real-Life Offshore Wind Farm



ÅGrid Connection Studies

Å Location and available capacity of suitable existing substations

Å Optimal cabling arrangements including offshore substations

Å Grid impact studies - determine the impact of wind power to network

ÅRisk Assessments

Å Risk management processes to identify key project risks

Å Risk management plan and identification of suitable mitigation measures

ÅCapex and Opex Assessments

Å Financial models to assess the likely Capex and Opex based on experience

Å Development of suitable contingencies to account for potential risks.

Setting Up and Offshore Wind Project
Assessment of project risks and financial modelling



Installation and Commissioning

ÅConstruction ports preparation

ÅOffshore logistics planning

ÅInstallation of key civil works

Å Foundation Installation

Å Offshore Substations

Å Onshore Substations

Å Turbine Installation

Project construction, connection and testing
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Installation and Commissioning

ÅOffshore Cable Installation
Å Export cables routing and burial

Å Inter- array cables routing and burial

ÅOnshore Cable Installation
Å Onshore cable landing

Å On-land permitting and laying 

Å Connection to onshore sub-station

ÅCommissioning and Testing

Project construction, connection and testing
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Operations and Maintenance
Asset management throughout the lifetime of the wind farm 

ÅOperation & Maintenance Port Establishment
Å Offices/ warehouse

Å Operations centre

ÅMaintenance and Service
Å Blade Inspection and Repair

Å Balance of Plant Maintenance and Repair

ÅFoundation Inspection and Repair 
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Foundation Design of Wind Turbines - Offshore 

Scour 

(Scour protection?)

Hydrodynamic Analysis
Access Platform/Boat Landing

(Secondary Structures)

Current/Wave Loadings

(Breaking Wave?)

Offshore Geotechnics

(Specific GI planning)

Corrosion/Marine Growth

Transition Piece 

(Grout /Flange Connection)

Complicated Installation and 

Maintenance

Selection of Foundation Type?

(e.g. Gravity, Monopile, Tripod, etc.)

Wave Fatigue Analysis

Soil-Foundation-Turbine 

Interaction Analysis

Seismic Analysis
Dynamic Analysis

(Frequency and fatigue Checking)

Foundation Design 

(ULS, SLS, FLS) 

Asset management throughout the lifetime of the wind farm 



Suction anchors Torpedo anchorsDrag anchors

Source: B. Byrne GeotechniqueLecture

Offshore Foundation Types
Foundation selection generally based on water depths and ground conditions



Concept Development ïFinding the Best Solution

ÅConsideration of technical, 

financial, business planning 

and project management to 

realize viable offshore wind 

development solutions.  

ÅUse of efficient Offshore Wind 

Foundation screening tools to 

identify the most promising 

foundation solutions

Foundation selection generally based on water depths and ground conditions
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Monopiles

ÅCurrent industry preference is for monopiles in up to 
30m water depth

ÅTypically up to 6m diameter but up to 11m diameter 
monopiles  commercially available

ÅRelatively simple design

ÅOverall vibration and deflection are subject to large 
cyclic lateral loading and moments due to current and 
wave loads.

ÅNeed for transition piece to level the mast above 

Simplest and most economic foundation system in shallow water



Monopiles ïXL ïGoing Bigger and Deeper

Å Wind farm installations are moving further offshore and 

bigger turbines are being developed

ü Deeper water

ü Deeper penetration

ü Larger diameter

ü Heavier

ü Increased waves 

Å Advanced geotechnical engineering

Å 12MW turbine in 30m water depth: > 8m to 9m diameter to 

achieve minimum frequency

Å Future wind farms will demand innovation  to reduce costs 

while managing the overall risk new concepts

As depths increase and turbine sizes grow the monopile needs to get larger



Pre or Post Pile Jackets

Å Suitable for deeper water in excess of 

20m to 50m and rough sea conditions 

but can also work in shallow water

Å Designs for depths > 40m prepared

Å Lower wave loads compared to 

monopiles

Å Fabrication expertise widely available 

Å Higher construction costs and 

potentially higher maintenance costs courtesy of Alamy

Jacket foundations are becoming a popular solution as shallow areas are already taken 



Suction Buckets

ÅUsed in O&G for many years with high capacities  

ÅKey advantages for offshore wind turbines 

ü faster installation, 

ü shallower penetration, 

ü large capacities, 

ü suitable for weaker soils, 

ü reduced installation operation. 

ü no pre-drilled piles, and

ü can be installed and removed quickly. 

ÅCan lead to significant LCOE savings

ÅEfficient use requires key expertise in geotechnical engineering and 

soil structure interaction.  

Suction buckets are a solution for sites underlain by softer ground
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WindACEïSelf Installing Mast

Suction bucket foundations installed by upending complete turbine and foundation assembly

Innovative solutions are being developed for greater cost effectiveness 



Concrete Gravity Foundation

A simple solution for offshore wind turbine 

foundation funded by UK Department of Energy & 

Climate Change:

ÅNo heavy lifting

ÅNo special vessels

ÅMinimized seabed preparation

Typical Principal Data:

Turbine 6 MW

Water depth 35 m

Hub height 90 m

Outer diameter, caisson31 m

Concrete volume 2,800m3

Steel reinforcement 890 tonne

An innovative foundation design

Concrete gravity bases are a solution for sites underlain by harder ground



Floating Concepts

ΧŀƴŘ Ƴŀƴȅ ƳƻǊŜΧ

ÅMany different solutions being 

developed  

ÅLargely supported by national or 

international research and 

development through 

demonstration funding 

programmes

ÅPoised to move to true 

commercialization very soon

ÅGenerally more expensive than 

other systems due to the deep 

water conditions and high 

technology but costs are coming 

down as technology improves 

Floating offshore wind  is becoming more popular as sites become deeper



Cost for 5 MW offshore wind turbine foundations/platforms in specific water 

depths
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Cost Challenge in Deep Water

Manufacturing cost models for 8 MW turbine foundations (various sources)

bottom mounted foundations     floating concepts
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Foundations generally become more expensive with depth but costs will come down with scale



Turbine Foundation Design Approach

Å 25-year design life

ÅDetailed load combinations to consist of 

both ultimate and fatigue load conditions

ÅControl natural frequency of entire 

turbine and substructure to be within 

specified ranged provided by turbine 

supplier

ÅControl deflection and rotation at 

interface level to be within acceptable 

limit specified by turbine supplier (0.5 

degrees)

 

Design fatigue load spectrum

Rotational 

frequency of 

turbine

Blade-passing 

frequency

Frequencies 1 p (Hz) 3 p (Hz)

0.17 ï0.27 0.51 ï0.81

Fatigue is a key concern for foundation designers 



Jacket Foundation Overview
What makes up a jacket structure?

ÅTower

ÅTransition piece

Å Jacket 

ÅFixity to seabed

ïSuction buckets

ïPiles

ÅSecondary steel

ïBoat landing

ïJ-tubes/Cables



Foundation Design Approach
Jackets



Foundation Design Approach
Jacket


