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Choosing COMFORT over unknown UNCERTAINTY

Choosing high resolutions .
& Nls Over coarse reanalysis data

Choosing exact coordinates ,
Over nearby node points

Choosing sophisticated model output
Over approximations

Choosing best long-term reference
Over wrong data

Choosing time Over money (which is renewable in nature)

‘VORTEX



Choosing UNCERTAINTY over unknown COMFORT

Choosing high resolutions Over coarse reanalysis data

EVERY TIME
YOU STEP OUTSIDE YOUR
COMFORT ZONE,

JOUR
Choosing sophisticated model output COMFORT ZONE Over approximations
EXPANDS.

Choosing time Over MOoNey (which is renewable in nature)

Choosing exact coordinates Over nearby node points




Welcome to the Vortex Multiverse,

uniting four expert brands to deliver
precise meteorological insights for

renewable energy and

environmental solutions.

Join the Vortex Multiverse to analyse past conditions, monitor
the present, or project the future. With our four expert
companies working together, you'll make informed decisions
and succeed in the renewable energy and environmental

sectors.

i VORTEX

Past

Trusted partner in historical wind
data for wind resource assessment,
providing insights spanning the
past 40 years up to the present.

Delivering the most accurate
short-term power production
forecasts for wind and solar farms,
globally.

We are more than data provlde}s.

. — —

Experlence the beneflts of a unifled
data-driven strategy.

nebbo::

Seasonal

+6 MONTHS

Seasonal monthly weather forecasts
to strategise in advance for O&M,
wind asset performance and energy
trading.

Ay v (pp A
L ool \ZV

CIL I IMATIE
SCALE
Projections

Historical data and climate
projections for risk assessment,
resilience, and sustainability
compliance.
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Vortex Methodology

Meteo Topography Land cover
(ERAS) (SRTM) (GLOBCOVER)

Downscaling

' VORTEX ‘ VORTEX

Products Products

MESOSCALE MICROSCALE




INPUT DATABASES

MODEL OUTPUT

Vortex Methodology

Meteo Topography Land cover
(ERAS) (SRTM) (GLOBCOVER)
NWP model
(WRF)
Downscaling
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MAPS

INDIA
Wind Mean Speed
Map

:\?7 N

Data source VORTEX at 1km x llkm resolution
Long-term climate averaged wind speed
Wind mean speed averaged@t 100m height

Wind Mean Speed Q 100m - m‘s
55-7 >7

[KMZ/TIFF map layers

[Wind Speed/Temperature/Density

[3 km — 400000 sq. km
| 1 km - 40000 sg. km

I Region/state/country

ITAB output at grid points (Optional)
IA & k parameters (Optional)
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Bin/Sector Ocurrence Table

‘ielfgs'f 00 225 450 675 900 1125 1350 157.5 1800 2025 225.0 247.5 2700 2925 3150 3375 | % Wisid Diesetionifoes
0-1 Z4 35 =) 21 42 1.9 i 109 9.5 107 11.2 49 6.1 91 7.8 31 | 11
1=z 114 148 118 88 105 78 203 302 273 341 264 147 115 129 138 92 | 3.0 2
ZFE] 213 249 251 160 146 105 306 456 418 532 409 218 171 146 165 158 | 47 21
3-4 162 163 396 584 517 670 507 259 205 171 210 214 i
4-5 147 184 441 669 581 503 278 219 157 181 248
5-6 120 201 512 703 585 BEE 333 222 150 182 283 15
6-7 89 17.4 SSEESTECEESHIN 552 357 230 162 198 344 5%  10%  15% -
7-8 6.9 19.2 G, 531 297 213 155 185 388
8-9 49 19.0 55898 49.2 SS30NEEEEaN 5028 294 178 161 201 @ 410 9
9-10 23 172 @S30N 399 427 mEESe 4368 268 171 117 177 434 6
10-11 14 144 pEely 312 353 WSSGESS708 189 120 85 15.0 25 5
11-12 08 124 pE2i 256 313 @EsEs 292 175 117 82 143 pEsd
ILZHILE] 00 120 376 163 265 389 272 128 73 7.9 123 | 451 @S5 s 0
13-14 0.0 9.7 283 110 21.0 321 240 106 5.9 7.3 108 381 | 47
14-15 0.0 6.4 BZ2dd4N 79 146 264 177 9.0 4.5 6.0 101 363 | 40
15-16 0.0 4.1 196 6.8 114 187 143 71 38 51 81 300 | 31
16-17 0.0 3.0 13.08 4.3 66 131 106 40 ) 4.0 51 227 | 23 10
17-18 0.0 19 8.5 3.4 215 g1k 6.7 215 1.2 3.8 44 182 | 16 . Moan:
18-19 0.0 1L 46 13 26 7.3 51 ) 0.8 3.4 37 126 | 11 g 8 AulN 8.9m/s
19-20 0.0 1.7 26 0.0 2.4 46 4.0 16 0.0 29 34 99 | 08 @ \ )
20-21 00 00 22 00 21 46 33 10 00 17 19 62 05 5 N Weibuk:
Z2Nl=27) 0.0 0.0 0.9 0.0 0.0 19 3.0 0.0 0.0 17 1.6 39 | 03 e k=2.0
A 0.0 0.0 0.0 0.0 0.0 18 ) 0.0 0.0 11 1.2 41 | 0.2 o
23-24 0.0 0.0 0.0 0.0 0.0 0.0 14 0.0 0.0 0.9 1.4 18 | 0.1 ;:'; 4
24-25 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.8 1.3 11 | 01 E
25-26 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 07 | 0.0 &2
26-27 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | 0.0
% 11 25 73 67 70 786 71 39 26 24 31 66 oL L]
0 2 4 6 8 1012 14 16 18 20 22 24
Table 1: Ocurrences are expressed in hours per year. Rows and Columns totals are expressed in Wind Speed (m/s)
percentages.

100 m resolution
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SERIES

YYYYMMDD HHMM M(m/s) D(deg) T(C) De(kg/m3) PRE(hPa) RiNumber RH(%)

20090101 800 8.9 334 -8 1.33 1008.4 0.57 67.1
20090101 900 7.9 335 -8 1.33 1008.5 0.46 71

20090101 1000 6.4 336 = 1.32 1008.3 0.2 77.2
20090101 1100 6.1 344 -5.4 1.31 1008.2 -1.23 76.4
20090101 1200 6.2 358 -4.6 1 B n | 1008.1 -3.17 70.8
20090101 1300 6 359 =2 1.3 1007.9 -4.2 66.7
20090101 1400 5.7 355 -3.4 1.3 1007.8 -4.45 64.4
20090101 1500 S 353 -3.1 1 1007.7 -2.44 62.2
20090101 1600 5.1 352 g | 1.3 1007.7 0.69 62.7
20090101 1700 5.3 348 — = =3 1007.7 0.52 63

3 km resolution

6 months free download for validation purpose

tVORTEX



SERIES

7’
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https://interface.vortexfdc.com

New

Wind & Site
Description
Project None v B New project
Country v
e fe e | Free Data
Last 6 months
Tovears
20 years
30 years
Source CFSR
MERRA2
ERAS
Triple
Start Date:

(8

N
Wind Speed at 1km resolution and 100m height

200 km
100 mi

2147277 : 11362175

Search...

1 Km resolution
100/150/200 m Height

©

Dhanaji Patil: Dhanaji Patil

?n&.|+..g

SsSw SES
South ¢

Lat, lon: 17.8313, 1208744
Wind speed: 84 m/s

Lat, lon: 8.9009, 124 8879

Wind speed: 7.6 m/s

Powered by Vortax | Powered by () mes | Leaflet | € (imv_mS:.v&?!\‘an)




BLOCKS

> WRG P TIME SERIES

» KMZ, ESRI ASClI,
ESRI TIFF Layers

> WRG
» KMZ, ESRI ASCI, ESRI TIFF Layers
> TAB files

100 m resolution




BLOCKS

Custormizee FILTERS tor WRE fles

Day and Night Meteorological Conditions




BLOCKS

Long Term Year

_________
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| -year subset

VA

L Mean Speed

L Weighted mean squared error
 Seasonal mean wind speeds
U Sector wise wind distributions

tVORTEX

Long Time VORTEX Series at 3km (20y)

moving in |

: : : : : ®,

: ; \ - ' '

] v ' ' ' ]

' : ' i ' '

—— :{_‘:_1‘ ________ :[:‘:_,‘::—: ________ ::_{_‘::-: ________ :
e R Temperature | Density
Year Month Day Hour Minute | non-calibeated | non-calibrated Deg Cel [Kg/m?] TI [%] L[m]
[m/s] Deg

2012 1 1 0 0 6.383 48.9 10.23 0.92 -999 -94
2012 | 1 1 {0 30 | 6852 53.7 1044 | 0919 | -999 -63
2012 1 1 1 0 7.983 50.8 10.67 0.918 -999 -164
2012 1 1 1 30 8.903 48.5 11.2 0.916 -999 -475
2012 1 1 2 0 | 9.196 47.9 11.42 | 0.916 -999 -1065
2012 1 1 2 30 9.461 46.6 114 0.915 -999 4369
2012 1 1 3 0 9.619 45.9 11.33 0.915 -999 2194
2012 1 1 3 30 9.689 45.2 11.27 0.916 -999 2194
2012 1 1 B 0 9.429 45.4 11.12 0.916 -999 858
2012 1 1 4 30 | 9126 45.9 10.93 | 0917 -999 403
2012 1 1 5 0 8.338 46.5 10.79 0.917 -999 127
2012 1 1 5 30 7.673 48,2 10.67 0.918 -999 16
2012 1 1 6 0 7.082 54 10.52 0.918 -999 102
2012 1 1 6 30 8.012 52.5 10.67 0.918 -999 43




EXTREMES

30 A
25 A
20 1
15 -

30 Years

10 -

Wind Speed (m/s)

5 4

0
1992 1996 2000 2004 2008 2012 2016 2020 2024

Calibrated 180 days (LES)

10-minute time series data

55 O Top 6 Windiest Days P

|©

20 4 Q)
[oP

15

6 Windiest days
per year

10 -

Wind Speed (m/s)

5_

0 -
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‘ 100 m resolution
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EXTREMES ©)

Yearly Period Max Wind Speed (m/s)
1990-03-01 - 1991-02-28 21.2
1991-03-01 - 1992-02-29 22.3
1992-03-01 - 1093-02-28 235
1993-03-01 - 1994-02-28 30.6
1994-03-01 - 1995-02-28 25.2
1995-03-01 - 1996-02-29 22.3
1996-03-01 - 1997-02-28 39.0 Gumbel Fit - Vref 50 year
1997-03-01 - 1998-02-28 24.6
1998-03-01 - 1099-02-28 30.5
1999-03-01 - 2000-02-29 331

2000-03-01 - 2001-02-28 21.6
2001-03-01 - 2002-02-28 22.7
2002-03-01 - 2003-02-28 20.7

2003-03-01 - 2004-02-20 277
Calibrated 180 days (LES) 2004-03-01 - 2005-02-28 282
. . . 2005-03-01 - 2006-02-28 253
10-minute time series data 00603 0T 20070225 300
2007-03-01 - 2008-02-20 21.8
2008-03-01 - 2009-02-28 26.2
2000-03-01 - 2010-02-28 22.6
2010-03-01 - 2011-02-28 911
2011-03-01 - 2012-02-29 31.0 .
2012-03-01 - 2013-02-28 31.1 Return period (years)

2013-03-01 - 2014-02-28 215 Figure 1: Gumbel Fiting.
2014-03-01 - 2015-02-28 24.6
2015-03-01 - 2016-02-20 26.8
2016-03-01 - 2017-02-28 322
2017-03-01 - 2018-02-28 23.6
2018-03-01 - 2019-02-28 25.2
2019-03-01 - 2020-02-20 32.2
Vrefs0 39.7

t 100 m resolution
VORTEX




EXTREMES €)

Hurricanes Report

Category (usa_sshs)

-5: Unknown

-4: Post-tropical

-3: Miscellaneous

-2: Subtropical

-1: Tropical depression
0: Tropical storm
1: Category 1

2: Category 2

3: Category 3
4
5

: Category 4
: Category 5

1. Very fast: Storms for which the closest event to the site has a reported speed (by any
of the agencies) higher than 30m/s.

2. Very close: Storms for which the closest event to the site is located within 50km.

3. Verydangerous: Storms for which the closest event tothe site islocated within 100km
and the reported wind speed (by any of the agencies) exceeds 25m/s.

4. Higher Category: Storms for which the closest event to the site is given a category 3,
4 or 5 by the US agencies.

tVORTEX

EXTREMES ©)

Yearly Period

1990-03-01 - 1991-02-28

Max Wind Speed (m/s)
21.2

1991-03-01 - 1992-02-29

22.3

1992-03-01 - 1993-02-28

23.5

1993-03-01 - 1994-02-28

30.6

1994-03-01 - 1995-02-28

25.2

1995-03-01 - 1996-02-29

22.3

1996-03-01 - 1997-02-28

39.0

1997-03-01 - 1998-02-28

24.6

1998-03-01 - 1999-02-28

30.5

1999-03-01 - 2000-02-29

33.1

2000-03-01 - 2001-02-28

21.6

2001-03-01 - 2002-02-28

22.7

2002-03-01 - 2003-02-28

20.7

2003-03-01 - 2004-02-29

27.7

2004-03-01 - 2005-02-28

28.2

2005-03-01 - 2006-02-28

25.3

2006-03-01 - 2007-02-28

30.9

2007-03-01 - 2008-02-29

24.8

2008-03-01 - 2009-02-28

26.2

2009-03-01 - 2010-02-28

22.6

2010-03-01 - 2011-02-28

21.1

2011-03-01 - 2012-02-29

31.0

2012-03-01 - 2013-02-28

31.1

2013-03-01 - 2014-02-28

21.5

2014-03-01 - 2015-02-28

24.6

2015-03-01 - 2016-02-29

26.8

2016-03-01 - 2017-02-28

32.2

2017-03-01 - 2018-02-28

23.6

2018-03-01 - 2019-02-28

25.2

2019-03-01 - 2020-02-29

32.2

Vref50

39.7

Calibrated 180 days (LES)
10-minute time series data

Gumbel Fit - Vref 50 year

Return period (years)
Figure I: Gumbel Fiting.




YYYYMMDD HHMM  M(m/s) D(deg) SD(m/s) DSD(deg) Gust3s(m/s) PRE(hPa) RiNumber
28171181 8538 .12 27.86 @.18 £.77 leea. .98
281711el es4a .49 25.1 .29 .39 1laga. .56
28171181 8558 A8 23.86 .39 .55 laea, .86
28171181 ecee .39 23.7 .32 .16 leal. .83
28171181 e&la 22 23.8 22 .84 12al. .26
28171181 o528 .18 23.5 .21 L83 leel. . B4
281711el1 e63a .18 26.1 .67 .94 leal. .33
281711el 9548 .42 31.8 25 .81 laal,
28171181 e&5e .52 27.8 .26 .33 1ee1.
281711el e7eaa .66 29.1 25 .25 leal.
281711el1 e7le .87 27.4 .39 .89 leal.
281711el 728 .84 38.3 .24 .14 1e2al.
28171181 8738 . Bd ig.9 .64 .95 laal.
28171181 @748 .13 i7.6 .28 .a2 1882,
2@lvliel evsa .91 33.5 27 ) lea2.
28171181 o8aa .85 32.8 38 .88 1882,
2817111 es81e .89 iv.e .28 .53 leaz.
2@l711lel es2a .92 24.3 A7 .a7 18a2.
28171181 @838 P22 av.e 18 .79 laal,
281711el es48 .15 36.4 .25 .74 leaz.
281711el 9858 .88 36.8 .25 .74 laaz,
2817111 ese8 .18 42.6 28 .82 le82.
28l1711el esla 17 39.7 .29 .88 1aa3.
2817111 8528 .92 43,2 .25 .43 laal,
281711e1 @938 .94 41.86 33 .66 leez,
2@1711el es4a .98 42.5 43 .68 lga3.
28171181 @358 .93 te.e .26 L83 lee3,
281711el l1eeasa .89 58.5 .38 .58 l2a3.

PO COOOOORIRIOROIIICIDOOOO
PUNWEANWERWLYBERERNMNERURERENRWREGONGE
Mo W DD ®®MNN D0 BN DD U 00 0® W o 0
TO LT O DR O AR LRAO AR L LD AN T DO D
1O D 0 MWD W ® B bR 00RO S WE B




YYYYMMDD M(m/s) D(deg) sD(m/s) DSD{deg) Gust3is(m/s) T(C) PRE(hPa) RiNumber .
20171101 .12 27.6 .18 4.7 .77 27. leea. 4.9@ : (:: I
281711el1 .49 25.1 .29 .39 27. laaa. 3.56 O m p eX reg I O n
28171181 .48 23.6 .39 55 27. leea. . B8
281711e1 .39 23.7 .32 .16 26. le8l. .83
281711el .22 23.8 .22 a4 26. laal. .26
2e1711e1 .1e 23.5 .21 .83 25. leel. .64
281711e1 .1 26.1 .67 .94 26. lgel. .33 O ffs h O re
28171181 .42 31.8 +25 .81 26. leel. .46
20171181 .52 27.8 .26 EE] 26. leel. .29
281711el .66 29.1 .25 .25 26. laeal. .B1 R
29171181 .87 27.4 .39 .89 26. leel. .
Gust and Tl important
281711el .e4 38.9 .64 95 27. laal. .8
281711e1 .13 7.6 .28 .82 27. lee2. .64
28171181 .91 33.5 27 77 26. laez. .33
281711e1 .85 32.8 .38 .88 26. lee2. .84

. WTG/FARM performance
.92 34.3 .93
.22 7.6 . @6
.15 36.4
.88 36.8
.18 42.6
.17 39.7
.92 43.2
.94 41.6
.98 42.5
.93 ce.e
.89 58.5

20171181
28171181
209171181
281711e1
28171181
20171101
281711e1
281711el1
20171181
28171181
209171181
281711e1

.28
.47
.18
.25
.25
.20
.29
.25
.33
.43
.26
.38

.53 27.
.a7 26.
.79 26.
.74 26.
.74 26.
.82 26.
.88 27.
.43 27.
.66 26.
.68 26.
.83 27.
.58 27.

leez.
lee2.
lee2.
leez.
lee2.
leez2.
lee3.
loe3.
lee3.
1@@3.
lee3.
lees.

Mast/lidar data gap filling

[T T IR I s s S s T I O T T s O T BT T BT R Y ST I T BT T
OO0 0000000000000 00000000 00O
v ow b bwh R wsl BN ELER VR R RV NWR G0N
NEFWHODOODNNO RN BENGDNODREDW® 0
WO W0 G R R D R U U R D B R R ®E 0B R w R
HoE kR DWW 00wk ® W00 W Wk ®® 3
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Wind Power Development in India

ROW - right of the way

Curtailment in solar
(Demand diurnal curve)

Market mechanism — time shift
(Smart meters)

Transmission bottle necks — location shift
long gestation period (plan to reality)

BESS — time shift

‘VORTEX



Wind Power Development in India

ROW - right of the way Air conditioner load

Curtailment in solar EV load (decentralized —to grid)
(Demand diurnal curve)

Data Centers (US citizen stand)
Market mechanism — time shift

(Smart meters) Industrial growth

Transmission bottle necks — location shift Cooking transition from gas to electric

long gestation period (plan to reality)
Different war fronts — Energy dependency

BESS — time shift

& vorrex



Wind Power Development in India

Installed Capacity 550 GW Air conditioner load

Solar installed capacity 160 GW EV load (decentralized —to grid)
Wind installed capacity 60 GW Data Centers (US citizen stand)
Peak demand reached 270 GWh Industrial growth

Cooking transition from gas to electric

Different war fronts — Energy dependency




India wind map

INDIA Energy demand will grow
Wind Mean Speed

Energy mix demands more wind

Technology available for low wind

Data source VORTEX at 1km x 1km resolution
Long-term climate averaged wind speed
Wind mean speed averagedat 100m height

+

Wind Mean Speed g 100m - I rn‘s

55-7 »7




|s data Bankable

EYA/AEP
estimates

Bankable

Measurements

Green Field Stage

Prefeasibility

Long Term Data

Horizontal
Extrapolation

& vorrex

Generation

Wind Resource Grid File
(WRG/WRB)



Pre-feasibility — We just have reanalysis data

FARM

BLOCKS

Approach 1 -

& vorrex

: E*RA‘E'V TIMES (300 m)
Series LES (100 m)

—



Pay Per Run

Occasional purchases using a credit card

900 € 650 € 650 € 1,900€ 1,900€ 2,500€ 2,700¢€ 900 € 1,900 €

000 0060

MAPS MAST SERIES FARM TIMES BLOCKS EXTREMES ICING

| year 10 years standard 20 years standard
= one source i

1.5 Tk 1Tk 1Tk 4Tk 4 Tk 5Tk 6 Tk 1.5Tk 4 Tk




Pay Per Run

Occasional purchases using a credit card

900 € 650 € 650 €

SERIES

1,900€ 2,500€ 2,700€ 900 € 1,900 €

BLOCKS EXTREMES ICING

1.5Tk 1Tk 1Tk

Tokens

6Tk 1.5Tk 4Tk

@
Package

Tokens do not expire

Package price * Price per Token *
4,500 € 450 €/Tk
8,440 € 422 €/Tk

11,520 € 384 €/Tk

( D\
Subscription

New tokens loaded monthly**

Price per Token Monthly subscription
210 €/Tk 2,100 €/month
200 €/Tk 4,000 €/month
197 €/Tk 5,900 €/month




Product Tokens| Delivery time Area Resolution Output
MAP 1.5 1.5 days 400,000 5g. Km 3 Km KMZ, ESRI TIFF, ESRI ASCI
MAP 1.5 1.5 days 40,000 S5g. Km 1 Km KMZ, ESRI TIFF, ESRI ASCI
180 days LE
EXTREMES 1.5 | 2.5 days Single Point 100 m ays LES data+30 years gust table +
50 year return period Gumbel fit
MAST 1y. 1 1 days Single Point 100 m PDF Report + TAB file
MAST 20y. 1.5 1.5 days Single Point 100 m PDF Report + TAB file
SERIES 10y./1source 1 1 Day Single Point 3 km Hourly Time Series Data
SERIES 20y./1source 2 3 Days Single Point 3 Km Hourly Time Series Data
SERIES 10y./3source 2 3 Days Single Point 3 Km Hourly Time Series Data
SERIES 20y./3source 4 & Days Single Point 3 Km Hourly Time Series Data
SERIES 30y./1source 2.5 3 Days Single Point 3 Km Hourly Time Series Data
BLOCKS std. 6 5 days 500 sg. km 100 m WRG File + TIME SERIES
BLOCKS large 9 7 days 1500 sg. km 100 m WRG File + TIME SERIES
WRG File + TIME
BLOCKS 300m Large | 17 | 8-ildays | 15000sq.km s00m | Vhe il TIMESERIES (for offshore
TIMES 10y 4.5 3 days Single Point 300 m
10 minute ti ies inclusi
TIMES 20y 5 4 days Single Point 300 m © Hime series ICHsive
turbulence
TIMES 30 6 5 days Single Point 300 m
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