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• Addressing wind farm developers 
and strategic planners

• Supporting the user in his/her goals
• efficient planning of large offshore areas
• efficient optimization of the layout of offshore wind 

farms

EERA-DTOC: Project Goals
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• … with respect to

• wind climate 
• turbine selection
• turbine spacing and placing

• interaction between wind farms in clusters with respect to 
energy production

• wind resource, limitations of usage, grid connection
• electrical infrastructure

Support of wind farm optimisation

6

© DTU



• Clear workflow for layout, variation and comparison of 
variations in wind farm layout, called scenarios

• Integrated comparative reporting

• Multi-user mode

• Includes economic calculations for benchmarking 
different layout scenarios via the LCOE

Development goals 
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Integration task
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Project partners



EERA-DTOC portfolio of models
Name Partner Status Programs

Input/

output

Script/

GUI
Database 
interface IPR Com

CFDWake CENER Fluent, C++, 
OpenFOAM ASCII script Yes

CorWind Risoe DTU Ope
DOS exe

Delphi
CSV files no no + +

CRES-farm CRES Ope Linux/ Fortran77 ASCII no no +

CRES--flowNS CRES Ope Linux/ Fortran77 ASCII no no

DWM Risoe DTU Ope Fortran, pc, pc-
cluster ASCII script +

ECNS ECN Beta Linux/ Fortran90 ASCII No No +

EeFarm ECN Alpha Matlab Matlab 
scripts

Script/

GUI
yes + +

Farm-farm 
interaction ECN Ope Fortran ASCII No no +

FarmFlow ECN Ope Delphi
ASCII/

binary
GUI Yes + +

FlowARSM CRES Alpha Linux/ Fortran77 ASCII no no

FUGA Risoe DTU Ope Fortran, C, 
Delphi, pc ASCII Script/ GUI No +

NET-OP SINTEF Proto type Matlab ASCII script No +

Skiron/WAM CENER Ope Unix/ Fortran GRIB script yes

TOPFARM Risoe DTU Beta Matlab/C/ Fortran ASCII script +

UAEP Risoe DTU Matlab, pc ASCII/ binary no yes

VENTOS UPorto Beta Unix/ Fortran ASCII no yes + +

WAsP Risoe DTU Ope Windows pc ASCII Script/ GUI No + +

WCMS Fraunhofer Ope Matlab/JAVA OracleDB yes +

WRF Risoe DTU Ope Unix, Linux, 
Fortran90 netCDF Shell script yes

WRF/ROMS CIEMAT Ope Linux/ Fortran netCDF script yes + 10



EERA-DTOC portfolio of models
Name Partner Status Programs

Input/

output

Script/

GUI
Database 
interface IPR Com

CFDWake CENER Fluent, C++, 
OpenFOAM ASCII script Yes

CorWind Risoe DTU Ope
DOS exe

Delphi
CSV files no no + +

CRES-farm CRES Ope Linux/ Fortran77 ASCII no no +

CRES--flowNS CRES Ope Linux/ Fortran77 ASCII no no

DWM Risoe DTU Ope Fortran, pc, pc-
cluster ASCII script +

ECNS ECN Beta Linux/ Fortran90 ASCII No No +

EeFarm ECN Alpha Matlab Matlab 
scripts

Script/

GUI
yes + +

Farm-farm 
interaction ECN Ope Fortran ASCII No no +

FarmFlow ECN Ope Delphi
ASCII/

binary
GUI Yes + +

FlowARSM CRES Alpha Linux/ Fortran77 ASCII no no

FUGA Risoe DTU Ope Fortran, C, 
Delphi, pc ASCII Script/ GUI No +

NET-OP SINTEF Proto type Matlab ASCII script No +

Skiron/WAM CENER Ope Unix/ Fortran GRIB script yes

TOPFARM Risoe DTU Beta Matlab/C/ Fortran ASCII script +

UAEP Risoe DTU Matlab, pc ASCII/ binary no yes

VENTOS UPorto Beta Unix/ Fortran ASCII no yes + +

WAsP Risoe DTU Ope Windows pc ASCII Script/ GUI No + +

WCMS Fraunhofer Ope Matlab/JAVA OracleDB yes +

WRF Risoe DTU Ope Unix, Linux, 
Fortran90 netCDF Shell script yes

WRF/ROMS CIEMAT Ope Linux/ Fortran netCDF script yes +

Wake 
models
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EERA-DTOC portfolio of models
Name Partner Status Programs

Input/

output

Script/

GUI
Database 
interface IPR Com

CFDWake CENER Fluent, C++, 
OpenFOAM ASCII script Yes

CorWind Risoe DTU Ope
DOS exe

Delphi
CSV files no no + +

CRES-farm CRES Ope Linux/ Fortran77 ASCII no no +

CRES--flowNS CRES Ope Linux/ Fortran77 ASCII no no

DWM Risoe DTU Ope Fortran, pc, pc-
cluster ASCII script +

ECNS ECN Beta Linux/ Fortran90 ASCII No No +

EeFarm ECN Alpha Matlab Matlab 
scripts

Script/

GUI
yes + +

Farm-farm 
interaction ECN Ope Fortran ASCII No no +

FarmFlow ECN Ope Delphi
ASCII/

binary
GUI Yes + +

FlowARSM CRES Alpha Linux/ Fortran77 ASCII no no

FUGA Risoe DTU Ope Fortran, C, 
Delphi, pc ASCII Script/ GUI No +

NET-OP SINTEF Proto type Matlab ASCII script No +

Skiron/WAM CENER Ope Unix/ Fortran GRIB script yes

TOPFARM Risoe DTU Beta Matlab/C/ Fortran ASCII script +

UAEP Risoe DTU Matlab, pc ASCII/ binary no yes

VENTOS UPorto Beta Unix/ Fortran ASCII no yes + +

WAsP Risoe DTU Ope Windows pc ASCII Script/ GUI No + +

WCMS Fraunhofer Ope Matlab/JAVA OracleDB yes +

WRF Risoe DTU Ope Unix, Linux, 
Fortran90 netCDF Shell script yes

WRF/ROMS CIEMAT Ope Linux/ Fortran netCDF script yes +

Electrical
models

12



Model Workflow Wind Climate

Dynamical 
Mesoscale flow 

model
Mesoscale wake model

Microscale wake 
model

Reanalysis 
Inputs

Microscale wake 
model

Wind farms
Layout

Wind farm
Power production

AEP
calculator

Wind farm
AEP

Time Series
Database

Mesoscale 
Wake Deficits

Hybrid Mesoscale 
wake model

CorWind inputs

DynamicalStatistical-
Dynamical

Wind farms
Power Curve

Lib, Tab,
NetCDF
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Model Workflow “Electrical”

Cost Model

Grid Optimization
(System Services)

Grid Optimization
(Layout)Forecasts & Predictability

Time Series Generation

System 
Services
(WCMS)

Inter-array
(eeFarm II, 

AEDIC)

Inter-array
(eeFarm II, …)

Offshore 
Optimization
(NET-OP, …)

Offshore 
Optimization
(NET-OP, …)

Cost Model
(DTOC Cost 
Model, etc)

Cost Model
(DTOC Cost 
Model, etc)

NWP Forecast 
(GFS, WRF,etc)

NWP Forecast 
(GFS, WRF,etc)

Variability & 
Predictability

(Fh Model)

Predictability
(Fh Model)

Synth. TS
(CorWind, 
meas., etc)

Synth. TS
(CorWind, 
meas., etc)

Wake Effects
(Missed)

Wake Effects
(out of scope)



Yield modelling

Filtering Vertical extrapolation Long Term
On site mast data (raw) Long term ref. masts

Virtual data

Gross Energy

Clean data HH Data

LT Wind Data

Lay out
Layout Opt

Power curve

Net Energy

Gross energy

WP1

WP2

Availability

Wave conditions

Distance to O&M base

% losses

Uncertainty Cost

Specifications

ParametersNet AEP

P50/P90
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Total tool overview

Dynamical Mesoscale 
flow model Mesoscale wake model

Microscale wake model

Reanalysis Inputs

Microscale wake model
Wind farms

Layout

Wind farm
Power production

AEP
calculator

Wind farm
AEP

Time Series
Database Mesoscale Wake Deficits

Hybrid Mesoscale wake model

CorWind inputs

DynamicalStatistical-
Dynamical

Wind farms
Power Curve

Lib, Tab,
NetCDF

Filtering Vertical extrapolation Long Term
On site mast data (raw) Long term ref. masts

Virtual data

Gross Energy

Clean data HH Data

LT Wind Data

Lay out

Layout Opt
Power curve

Net Energy

Gross energy

WP1

WP2

Availability

Wave conditions

Distance to O&M base

% losses

Uncertainty Cost

Specifications

ParametersNet AEP
P50/P90
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Cost Model

Grid Optimization
(System Services)

Grid Optimization
(Layout)Forecasts & Predictability

Time Series Generation

System 
Services
(WCMS)

Inter-array
(eeFarm II, 

AEDIC)

Inter-array
(eeFarm II, …)

Offshore 
Optimization
(NET-OP, …)

Offshore 
Optimization
(NET-OP, …)

Cost Model
(DTOC Cost 
Model, etc)

Cost Model
(DTOC Cost 
Model, etc)

NWP Forecast 
(GFS, WRF,etc)

NWP Forecast 
(GFS, WRF,etc)

Variability & 
Predictability

(Fh Model)

Predictability
(Fh Model)

Synth. TS
(CorWind, 
meas., etc)

Synth. TS
(CorWind, 
meas., etc)

Wake Effects
(Missed)

Wake Effects
(out of scope)



Total tool overview – very complex!



User Requirements
Vision and Work Flow
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• A robust, efficient, easy to use and flexible tool 
created to facilitate the optimised design of 
individual and clusters of offshore wind farms.

• A keystone of this optimisation is the precise 
prediction of the future long term wind farm 
energy yield and its associated uncertainty.

EERA-DTOC vision
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User Story

As a <user> I want to be able to <goal>



• As a developer I can determine the wake effects of 
neighbouring wind farm clusters on a single wind farm. 

• As a developer I can determine the optimum spacing, 
position, turbine model and hub height of turbines within 
an offshore wind farm. 

• As a strategic planner I can determine the optimum 
strategic infrastructure to accommodate offshore wind 
farm clusters.

• 14 relevant user stories in total

Selected User Stories
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• As a developer I can determine the optimum spacing, 
position, turbine model and hub height of turbines within 
an offshore wind farm. 

Software supports the comparison of many design 
scenarios.

Comparative reporting enables selection of optimised
configurations.

Score for comparison: Levelised Cost of Energy 

Optimisation process
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Optimisation Process

• Scenario 1
• Scenario 2
• Scenario 3
• Scenario 4
• Scenario 5
• Scenario 6
• Scenario 7

Wake Model

Electrical Model

Energy model

1. Generate Design 
Options

2. Evaluate Design 
Options

3. Compare Design 
Options

4. Iterate 
steps 1 to 3

What decision parameter can 
we use to compare design 
options?
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Score: Levelized cost 
of energy



LCoE Model
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Interfaces

Electrical 
model  
(WP3)

Energy 
model  
(WP4)

Wake 
model  
(WP1)

Direct 
user 
input

Turbine cost

Water depth

Elect. cost 

Wake losses 

Electrical
losses 

Production

Production
losses

OPEXFoundation
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Software 
Implementation



EERA-DTOC portfolio of models
Name Partner Status Programs

Input/

output

Script/

GUI
Database 
interface IPR Com

CFDWake CENER Fluent, C++, 
OpenFOAM ASCII script Yes

CorWind Risoe DTU Ope
DOS exe

Delphi
CSV files no no + +

CRES-farm CRES Ope Linux/ Fortran77 ASCII no no +

CRES--flowNS CRES Ope Linux/ Fortran77 ASCII no no

DWM Risoe DTU Ope Fortran, pc, pc-
cluster ASCII script +

ECNS ECN Beta Linux/ Fortran90 ASCII No No +

EeFarm ECN Alpha Matlab Matlab 
scripts

Script/

GUI
yes + +

Farm-farm 
interaction ECN Ope Fortran ASCII No no +

FarmFlow ECN Ope Delphi
ASCII/

binary
GUI Yes + +

FlowARSM CRES Alpha Linux/ Fortran77 ASCII no no

FUGA Risoe DTU Ope Fortran, C, 
Delphi, pc ASCII Script/ GUI No +

NET-OP SINTEF Proto type Matlab ASCII script No +

Skiron/WAM CENER Ope Unix/ Fortran GRIB script yes

TOPFARM Risoe DTU Beta Matlab/C/ Fortran ASCII script +

UAEP Risoe DTU Matlab, pc ASCII/ binary no yes

VENTOS UPorto Beta Unix/ Fortran ASCII no yes + +

WAsP Risoe DTU Ope Windows pc ASCII Script/ GUI No + +

WCMS Fraunhofer Ope Matlab/JAVA OracleDB yes +

WRF Risoe DTU Ope Unix, Linux, 
Fortran90 netCDF Shell script yes

WRF/ROMS CIEMAT Ope Linux/ Fortran netCDF script yes + 32



EERA-DTOC portfolio of models
Name Partner Status Programs

Input/

output

Script/

GUI
Database 
interface IPR Com

CFDWake CENER Fluent, C++, 
OpenFOAM ASCII script Yes

CorWind Risoe DTU Ope
DOS exe

Delphi
CSV files no no + +

CRES-farm CRES Ope Linux/ Fortran77 ASCII no no +

CRES--flowNS CRES Ope Linux/ Fortran77 ASCII no no

DWM Risoe DTU Ope Fortran, pc, pc-
cluster ASCII script +

ECNS ECN Beta Linux/ Fortran90 ASCII No No +

EeFarm ECN Alpha Matlab Matlab 
scripts

Script/

GUI
yes + +

Farm-farm 
interaction ECN Ope Fortran ASCII No no +

FarmFlow ECN Ope Delphi
ASCII/

binary
GUI Yes + +

FlowARSM CRES Alpha Linux/ Fortran77 ASCII no no

FUGA Risoe DTU Ope Fortran, C, 
Delphi, pc ASCII Script/ GUI No +

NET-OP SINTEF Proto type Matlab ASCII script No +

Skiron/WAM CENER Ope Unix/ Fortran GRIB script yes

TOPFARM Risoe DTU Beta Matlab/C/ Fortran ASCII script +

UAEP Risoe DTU Matlab, pc ASCII/ binary no yes

VENTOS UPorto Beta Unix/ Fortran ASCII no yes + +

WAsP Risoe DTU Ope Windows pc ASCII Script/ GUI No + +

WCMS Fraunhofer Ope Matlab/JAVA OracleDB yes +

WRF Risoe DTU Ope Unix, Linux, 
Fortran90 netCDF Shell script yes

WRF/ROMS CIEMAT Ope Linux/ Fortran netCDF script yes +

Run on Windows, 
on a single PC
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EERA-DTOC portfolio of models
Name Partner Status Programs

Input/

output

Script/

GUI
Database 
interface IPR Com

CFDWake CENER Fluent, C++, 
OpenFOAM ASCII script Yes

CorWind Risø DTU Ope
DOS exe

Delphi
CSV files no no + +

CRES-farm CRES Ope Linux/ Fortran77 ASCII no no +

CRES--flowNS CRES Ope Linux/ Fortran77 ASCII no no

DWM Risø DTU Ope Fortran, pc, pc-
cluster ASCII script +

ECNS ECN Beta Linux/ Fortran90 ASCII No No +

EeFarm ECN Alpha Matlab Matlab 
scripts

Script/

GUI
yes + +

Farm-farm 
interaction ECN Ope Fortran ASCII No no +

FarmFlow ECN Ope Delphi
ASCII/

binary
GUI Yes + +

FlowARSM CRES Alpha Linux/ Fortran77 ASCII no no

FUGA Risø DTU Ope Fortran, C, 
Delphi, pc ASCII Script/ GUI No +

NET-OP SINTEF Proto type Matlab ASCII script No +

Skiron/WAM CENER Ope Unix/ Fortran GRIB script yes

TOPFARM Risø DTU Beta Matlab/C/ Fortran ASCII script +

UAEP Risø DTU Matlab, pc ASCII/ binary no yes

VENTOS UPorto Beta Unix/ Fortran ASCII no yes + +

WAsP Risø DTU Ope Windows pc ASCII Script/ GUI No + +

WCMS Fraunhofer Ope Matlab/JAVA OracleDB yes +

WRF Risø DTU Ope Unix, Linux, 
Fortran90 netCDF Shell script yes

WRF/ROMS CIEMAT Ope Linux/ Fortran netCDF script yes +

Runs on Cluster 
under UNIX/Linux
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CorWind

eefarmfarm-farm

CRES-
flowNS

FUGA

FarmFlow

ECNS

DWM

CFDWake

CRES-
farm

Model candidates

FlowARM
S

SKIRON

TOPFARM

UAEP

VENTOS

WCMS
WAsP

WRF

WRF/ROMS

LCOE

uncertainty

Net-op

GIS
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SKIRON

eefarmfarm-farm

CRES-
flowNS

FUGA

FarmFlow

ECNS

DWM

CFDWake

Model candidates: Categorization

FlowARM
S

CorWind

TOPFARM

UAEP

VENTOS

WCMS
WAsP

WRF

WRF/ROMS

LCOE

uncertainty

Net-op

GIS
CRES-
farm
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Selection and Implementation

DTOC Tool

FUGA

CorWind

WAsP

WRF

WRF/ROMS

LCOE

uncertainty

GIS

DTOC
Services

SKIRON

eefarm

FarmFlow

VENTOS

WCMS

Net-op

DTOC 
Research

farm-farm

CRES-
flowNS

ECNS

DWM

CFDWake

CRES-
farm

FlowARMS

TOPFARM

UAEP
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Selection and Implementation

DTOC Tool

FUGA

CorWind

WAsP

WRF

WRF/ROMS

LCOE

uncertainty

GIS

38



Selection and Implementation

DTOC Tool

FUGA

CorWind

WAsP

WRF

WRF/ROMS

LCOE

uncertainty

GIS
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DTOC tool 
and commercialisation
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Commercial tool: Wind & Economy
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System overview
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System overview

43

Calculation Models
• Large scale/long term wind climate
• Influence from neighboring wind farms

• Wind farm effects in large offshore wind farms

• LCOE

• GIS integration

• (Grid losses)

• (Ancillary services) 



DTOC GUI
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Scenario approach
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• Organizing wind farm variants as scenarios
• Scenario tree: hierarchy
• Inheritance between branches and trees



What is a scenario?
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• Wind climate

• Turbinepositions
• Turbinetypes

• Model combinations
• Model runs
• Model parameters



DTOC GIS
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Comparative reporting
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Local computer: GIS and local web browser 

GIS

Web application

Data

Android too!



• Combined many existing models
• From meso-scale model input to farm model
• In a multi-user framework
• Supports optimisation

Conclusions
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EERA DTOC project vision
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