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1. Introduction — EMD

An independent software and consulting company,
operating worldwide with many cooperation partners

Since 1986 >4000 users

Aalborg, Denmark windPRO

~30 employees Foundation owned

Sales
- Research
- Software = Fonden Energi- & Miljedata
k

www.emdfonden.d
- Consultancy

EMD International A/S
www.emd.dk




1. Introduction — EMD Activities

Software

Development and sale of windPRO software for design and
planning of wind farm projects.

Development and sale of windOPS web-based software
service for online production surveillance of existing turbines.

Development and sale of energyPRO software or techno-
economic analysis and optimization of cogeneration / O
trigeneration projects. energy R

Development of customer-made energy TRADE software Jia,
solutions for optimal daily production planning at co- and tri-  ensrymme
generation plants based on forecast data.

Software training courses worldwide.

Research & Development

Participation in energy research projects funded by the Danish
government and different EU institutions.

Consultancy Services

Worldwide consultancy services within wind energy and Otht
[

types of renewable energy projects. EMD International A/S

www.emd.dk




1. Introdution - EMD Customers

/m

Research institututions

Municipalities

Developers

- T

Utilities

Operators/investors

Banks / finance institutions

- EMD International A/S
www.emd.dk



. Introduction EMD - windPRO
Software

The windPRO software fulfills all demands in for project
design and planning of new wind farms

Developed by EMD International A/S since 1992

The software package is used by over 2,400 companies
and institutions worldwide in more than 90 countries,
including all leading manufacturers, utilities, developers
and consultants.

ST NN SN

N S NS
N O hEFbasedon it windrro

Caloutation of 8P and/on nalse restrictils

II"II’:III:.:I-I’Iil!fw s = a bankable format
- ;
hdhlﬂall!iqhtlmnwu-enulnpﬂm@ut
g R calculation ete s b

ind .ﬁgmlnlnm:-plnu-zdl'umr:sa!ﬁmem«ingn
indu g [oss

13 L e s ey o sy

AEF MIml'mn mndule(s) shewn bedaw

Based on input ___._——-————“-_—-‘ —
Ny

Muasure Correlate Prvdlﬂ:'t!d ind tatisics

Genarabe Jomg-tarm carre ——

- her (FD model.
; wmp_:ﬁ“:'”"_"“ e

jind measuremsEnts advanced dath m“:::mﬂﬂﬂi"“'“mdml
impart wind me2 '

sorseningand AEP alcukation

imated presestation &

of aphotomontage
ol Financlel eplatian

cabaulation of hectiesl S

-,-u.;n.;llnnll"’lm“' - - grid cennectians
phote or 2

PRUAPIAL |BDYLIR UR U|
LM 0 uoyeiusd g

MG oY
FADES J0 U PO

wistal 7.8 @ nd &1

sedseparatell. Map Handling, Map
modiles - (2 250 h!'"uﬁ prirvy WW
fxglorer wth

* S )
EEII=S

hes
module forall ot
B WG (atalogu,

Incluges: WTE
]
]




1. Introduction - windPRO
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1. Intr tion — Accurate prediction is crucial!

«

Legend N
EMD-WRF China ~
Avg wind speed @ 100m
*  From: Jan 2010
o:  Dec2014
-4.5mfs
45-50m/s
50-55m/s
55-6.0m/s
8.0-6.5mfs
6.5-7.0mfs
70-7.5mfs
75-80m/s
80-85mfs
85-9.0mfs
9.0-9.5m/s

.
s

+5% difference in wind prediction can decide if to develop the site or not

The accuracy of wind maps are often less than £20%.

Thus, uncalibrated wind resource maps are just rough (but useful) guides to locate sites
-> Detailed studies - possibly with a tall (100m+) meteorological tower - are a must!



2. Models — Siting

Siting —
Where to look for sites?

Five major conditions have to
be fulfilled:

1. Wind resource &
economical feasibility

2. Acceptable climatic
conditions

3. No major environmental
or neighbour conflicts

Legend (A)
| EMD-WRF MidEastE  a
| Avg wind speed @ 100m

From: Jan 1994
To:  Jul 2018

-4.5m/s
4.5-5.0m/s

4. Acceptable infrastructure
5. Cooperating landowner

5.0-5.5m/s
15.5-6.0m/s

6.0-6.5m/s
16.5-7.0m/s
7.0-7.5m/s
7.5-80m/s
s 8.0-85m/s

8.5-9.0m/s
9.0-9.5m/s
= ?__5 m/s

200 mi

- EMD International A/S
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Micro Siting —

How to place the turbines?
Where to place a meteorological
tower?

Five major conditions have to

be fulfilled:

1. Wind resource &
economical feasibility

2. Acceptable climatic
conditions

3. No major environmental
or neighbour conflicts

4. Acceptable infrastructure

5. Cooperating landowner

- EMD International A/S
www.emd.dk




/ \ 2. Models - The Model Chain

OBSERVATIONS

ERA-5 RAW DATA

EMD-WRF OD

DOWNSCALING

Ovscrston ot

DATA: IN-SITU AND REMOTE OBSERVATIONS

DATA ASSIMILATION / REANALYSIS

DATA: GLOBAL / SYNOPTIC SCALE:

Reanalysis Data; ECMWF ERAS
Spatial Resolution: ~35km

Typical model scales: ~100 km's
Time-series data, 1 hourly resolution

EMD-WRF MESOSCALE MODELLING

Data Input:
- ERAS Boundary Data
- Globcover Terrain

Model Execution:
- Standard EMD-WRF setup
- Spatial resolution ~ 3 km

DATA: MESOSCALE:

Time series, wind speed and direction
Spatial Resolution: ~3 km

Temporal resolution: 1 hour

Typical model scales: ~10 km's

EMD-MESO/MICRO DOWNSCALE MODELLING

Data Input:
- Mesoscale time series and terrain
- Detailed, high-resolution microscale terrain

Model Execution:
- WAsP version 11+
- windPRO version 3.1+

DATA: MICROSCALE:

Time series & statistical data, wind speed and direction
Spatial Resolution: ~250m

Temporal resolution: 1 hour

Typical model scales: ~10 m's
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We are committed to brlng modern -era satellite data
Into the wind-energy modelling chain. That is to:

Develop novel algorithms 'to derive aerodynamic surface properties from Copernicus data
Integrate satellite-based map layers seamlessly in flow models operated by industry end-users
Document the impact of hew satellite-based map layers for wind resource assessment

IMAGE SHOWING
Copernuicus LC-100m'land use model- location in Africa

C
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esoscale Model — Lookup Tables

30: Herbaceous vegetation

40: Cropland

S0: Urban

60: Bare [ sparse vegetation

70: Snow and ice

80: Permanent water bodies

81: Temporary water bodies

90: Herbaceous wetland

111: Closed forest: Evergreen needleleaf
112: Closed forest: Evergreen broadieaf
113: Closed forest: Deciduous needieleaf
114: Closed forest: Deciduous broadieaf
121: Open forest: Evergreen needleleaf
122: Open forest: Evergreen broadieaf
123: Open forest: Dedduous needieleaf
124: Open forest: Deaduous broadleaf
200: Open sea

255: Not dassified

Moisture
Availability

Roughness
Length

land use index ALBEDO SLMO SFEM SFZ0 THERIN SFHC definition
1 15 0.10 083 80 3 18.9 "Urban and Built-Up Land’
2 17 030 0985 15 4 25.0 ‘Dryland Cropland and Pasture’ TPr?errrI:‘igl
3 18 0.50 0985 10 4 25.0 Trrigated Cropland and Pasture’
4 18 0.25 098 15 4 25.0 'Mixed Dryland/Trrigated Cropland and Pastu Sugaa;:c:sat
5 18 025 098 UM 4 25.0 "Cropland /Grassland Mosaic’
6 16 0.35 0985 20 4 25.0 'Cropland /Woodland Mosaic’
T 19 0.15  0.96 12 3 20.8 'Grassland’
8 22 0.10  0.93 5 3 20.8 'Shrubland’ .
9 20 0.15 095 6 3 20.8 "Mixed Shrubland/Grassland’ - Evcvdveelrl;l"tiedrkﬂatlorlal B/5

Reference (lookup table): Esteve, 2015.



“Microscale Model — Classification

30: Herbaceous vegetation .
40: Cropland Elevation
S0: Urban

60: Bare [ sparse vegetation

70: Snow and ice

80: Permanent water bodies

81: Temporary water bodies

90: Herbaceous wetland Roughness
111: Closed forest: Evergreen needieleaf Length
112: Closed forest: Evergreen broadieaf
113: Closed forest: Deciduous needieleaf
114: Closed forest: Deciduous broadieaf
121: Open forest: Evergreen needleleaf
122: Open forest: Evergreen broadieaf
123: Open forest: Dedduous needieleaf
124: Open forest: Decduous broadleaf
200: Open sea

255: Not dassified

Geo-spatial
database or maps

Cbstacles
Leaf Area

- EMD International A/S

www.emd.dk



| ‘ 2. Models and Data (1)

Increasing accuracy / precision / resolution

GLOBAL DATA

REGIONAL DATA 3

NATIONAL DATA

LOCAL/SITE DATA

\

50+ Reanalysis and Remote Sensing Datasets in windPRO:

1) Digital elevation data [11]
2) Roughness data [8]
3) Digital maps / satellite imagery [8]
4) Wind data [19 -20]
5) Wind turbine databases — turbine-locations and turbine-catalogue [4]

6) Forest data [1]
c. Evlcvdve:rrrllzfedr:lational A/S



LEGEND
Green

= Wind dat
Italic 4= Premium Data

vice 2 MOdEIS and Data (2)

GLOBAL DATA

Increasing accuracy / precision / resolution
REGIONAL DATA

\
1
1
1
1
1
\
1
\

_)
NATIONAL DATA

NCEP/NCAR Reanalysis }
\ Quickscat

LOCAL/SITE DATA

North American RRD

‘ Blended coastal winds

\ N
‘ \ DK Wind Index
\ \ Local meteorological mast
\ EMD-ConWx Europe ". LIDARs
, METAR \ EMD-WRF Middle East \ SODARs
\ SYNOP \ EMD-WRF South Korea
\ MERRA \ EMD-WRF South Africa
\ MERRA2 \ EMD-WRF Indonesia
\ CFS & CFSR \
\ EMD Global (ERA Interim)}
ERA5

1
1
1
1
1
1
1
1
1
1
1

EMD WRF On-Demand

1
1
1
1
1
1
1
1
)
1
1

EMD-WRF India

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
\
\
\
\
1
1
i
1
1



LEGEND

Black = Orograp

Orange®= Roughness
Blué

Y = Maps
irple = Forest .
Italic = Premium Data or Service
Increasing accuracy / precision / resolution
GLOBAL DATA
REGIONAL DATA 3
NATIONAL DATA
LOCAL/SITE DATA

i SRTM-3 :
i SRTM-1 : \ e

Viewfinder Panorama \ EU-DEM \ Uk s eFers -“‘ Local survey

MODIS VCF } Corine 2006 \ Danistor !

Global Land Cover -GLCC“‘ Corine 2012
‘ GlobCover \

\ Swedish GSD
EU Data For Wind

". German DGM
“.‘ Copernicus LC100
windPRO Global - 10m

Airborne LIDAR scan
Open Street Map

SLU Swedish Forests

Roughness Classification
\ Northern Ireland OSNI } .
. ' Norwegian DTM/DOM | SUrvey/planning maps
“windPRO Europe-2.5m“|l US National LC \
\ GeoCover Images \ \
i\ Stamen Terrain
i OpenTopoMap

LIDAR / point clouds
i\ UK OS OpenData
1 WMS Maps
German OnMaps

\
\
\
\
\
\
\
\
L

Swedish SLU Forests
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3. Applications & Cases — Maps

EMD International A/S

www.emd.dk




plications & Cases — Roughness

Corine 2012 as Roughness Map Input: B sl B0
http://help.emd.dk/mediawiki/index.php?title=Corine_2012 www.emd.dk




Legend

| ERAS Data
Avg wind speed @
From: Jan 2000
Jul 2018

| To:

-3.5m/s
3.5-4.0m/s
4.0-4.5m/s
45-5.0m/s
5.0-5.5m/s
5.5-6.0m/s
- 6.0-6.5m/s

6.5-7.0m/s
7.0-7.5m/s
7.5-8.0m/s
8.0-8.5mis
8.5-9.0m/s
9.0-9.5mls
95- mis

plications & Cases — Roughness

Class

EMD International A/S

www.emd.dk



plications & Cases — Roughness

Cropland |z0=0.100

.“Urban { built up :"20=0,400
Bare/sparse vegetation ;zo=0,020
Snow and ice ;20-—~0,001
Water bodies - permanent ;20:0,0002
Water bodies - temporary ;ZU=D,030

Wetland - herbaceous 1z0=0.100

Forest, closed, evergreen
needle leaf

Copernicus Global Land Cover Classification — 100m
http://help.emd.dk/mediawiki/index.php?title=CGLS-LC100m

EMD International A/S

www.emd.dk




. Applications & Cases — Forests

Forest Height (H)

Coniferous Deciduous
Displacement Height (Zv) 0.66-H 0.70-H
1. |z-d
w(z) =y, —In Roughness Length (zo) 20=03.(H-24)

0.1H for h > 2.5m
Roughness Length () z=4 0.1 forh<25m

0.0001 for water areas

- EMD International A/S

www.emd.dk



Elevation grid legend

.

1-5m
5-9m

|

16-20m
20-25m

13-16m

Global model ~ 250m

Local LIDAR scan (point cloud) ~ 10m

. Applications & Cases — Forests

SE SLU Forest Model ~ 25m

EMD International A/S
www.emd.dk



plications & Cases — Forests

Forast haight distribution within radius 2000 m

Forest height distribution within radius 10000 m

Mean = 15 25
Stdey =4 74
Median = 17.00

1] 15 0

Forest Height [m]

0.14 4

0124

0101

Probability
=]
8

0.06 1

0.04 4

ooz

0.00

Mean = 12 20
Stoeyv = 652
Median = 14.00

Forest Height [m]

Global model
~250m

Forest height distribution within radius 2000 m

Farest height distribution within radius 10000 m

hii}

020

=
-
(el

Probability
=]
-
=1

nos

Mean = 1134
Stdev = BOD
Median = 13.00

SE SLU Forest Model
~25m

Local LIDAR scan
(point cloud) ~ 10m

Forest height distribution within radius 10000 m

0.00
5 i}
Farest Height [m]
Forest height distribution within radius 2000 m
007 016
014
006 Mean = 16.22
Stdev = 7.23 012
005 Median = 17.88
& 004
S 003
002
001
000
10 15 0
Forest Height [m]

Mean = 14 34
Stdev =8 72
Median = 16 48

10 15 20
Forest Height [m]
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3. Applications & Cases — DEM

Bl Elevation grid legend
l -100m
100-200 m
200 - 300 m
300-400m

400 -500 m
 swsoom
1 '600-700m

700-801m

DHM1-MLT AW3D30 .
. . EMD International A/S
SRTM3 ViewFinder vonwemd dle
SRTM1 DHM10-MLT
EU-DEM




44 Turbine Positions at Midtfjellet - Difference to DHM1

Probahility

Elevation height error distribution within radius 2000 m

Mean = 0.38
Stdev = 6.95
Median = 0.26

-5 0 5
Elevation Helght Errer [m]

Probahility

3. Applications & Cases — DEM

Elevation height error distribution within radius 4000 m

0175 Mean = 0 81

Stdev = 7.68
Median = 0.00

-5 5
Elevation Height Eror [m]

Radius 2000m

Radius 4000m

Mean StdDev RMS-E

Min

Max

SRTM3
SRTM1
EU-DEM
AW3D30
ViewFinder
DHM10-MLT

-2.0 3.1 3.7
-0.6 24 2.5
-4.1 4.9 6.4
0.0 1.8 1.8
-1.5 2.8 3.2
-0.1 0.3 0.3

-8.6
-5.5
-17.6
-5.0
-7.6
-0.9

4.4
4.6
7.0
4.8
4.1
0.7

\

&y

ViewFinder
Probabity
=]
2

__Elevation height error distnibution within radius 2000 m

Mean = 107
Stdev = 5.72
Median = 1.04

-5 o 8
Elevation Height Error [m]

. BNty Iveight éiror distribution within redius 3000 m

0200

0175 Mean = 2 10
Stdev = 7,62

0150 Median = 1.10
0135

g

E 0100

* oois

ooso

0o2s

-5 o 5
Elevation Height Error [m]

Probabilty

SRTM1
EU-DEM

Elevation height error distribution within radius 2000 m

Mean = 149
Stdev = 3.94
Median = 119

& o 5
Elevation Height Error [m]

ViewFinder
DHM10-MLT

-5 0 5 10
Elevation Height Error [m]
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Thank You!

4 Copernicus Land Service Data
- At Work in the Wind Energy Sector

Morten Lybech Thggersen, mlit@emd.dk
EMD - Wind R&D

Copernicus Global Land User Conference
@ Météo-France, Toulouse, October 23-25th 2018
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