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Disclaimer of liability and conditions of use

To the extent permitted by law, neither Siemens Gamesa Renewable Energy A/S nor any of its affiliates in the Siemens
Gamesa group including Siemens Gamesa Renewable Energy S.A. and its subsidiaries (hereinafter “SGRE”) gives any
warranty of any type, either express or implied, with respect to the use of this document or parts thereof other than the use of
the document for its indented purpose. In no event will SGRE be liable for damages, including any general, special, incidental or
consequential damages, arising out of the use of the document, the inability to use the document, the use of data embodied in,
or obtained from, the document or the use of any documentation or other material accompanying the document except where
the documents or other material accompanying the documents becomes part of an agreement between you and SGRE in which
case the liability of SGRE will be regulated by the said agreement. SGRE reviews this document at regular intervals and
includes appropriate amendments in subsequent issues. The intellectual property rights of this document are and remain the
property of SGRE. SGRE reserves the right to update this documentation from time to time, or to change it without prior notice.
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Application of the Developer Package

The Developer Package serves the purpose of informing customers about the latest planned product development
from Siemens Gamesa Renewable Energy A/S and its affiliates in the Siemens Gamesa group including Siemens
Gamesa Renewable Energy S.A. and its subsidiaries (hereinafter “SGRE”). By sharing information about coming
developments, SGRE can ensure that customers are provided with necessary information to make decisions.

Furthermore, the Developer Package can assist in guiding prospective customers with the indicated technical
footprint of the SG 6.2-170 and the different product variants in cases where financial institutes, governing bodies, or
permitting entities require product specific information in their decision processes.

All technical data contained in the Developer Package is subject to change owing to ongoing technical developments
of the wind turbine. Consequently, SGRE and its affiliates reserve the right to change the below specifications without
prior notice. Information contained within the Developer Package may not be treated separately or out of the context
of the Developer Package.
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1. Introduction

The SG 6.2-170 is a new wind turbine of the next generation Siemens Gamesa Onshore Geared product platform
called Siemens Gamesa 5.X, which builds on the Siemens Gamesa design and operational experience in the wind
energy market.

With a new 83.3 m blade and an extensive tower portfolio including hub heights ranging from 100 m to 165 m, the
SG 6.2-170 aims at becoming a new benchmark in the market for efficiency and profitability.

This Developer Package describes the turbine technical specifications and provides information for the main
components and subsystems.

For further information, please contact your regional SGRE Sales Manager.
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2. Technical Description

2.1. Rotor-Nacelle

The rotor is a three-bladed construction, mounted upwind of the tower. The power output is controlled by pitch and
torque demand regulation. The rotor speed is variable and is designed to maximize the power output while
maintaining loads and noise level.

The nacelle has been designed for safe access to all service points during scheduled service. In addition the nacelle
has been designed for safe presence of service technicians in the nacelle during Service Test Runs with the wind
turbine in full operation. This allows a high quality service of the wind turbine and provides optimum troubleshooting
conditions.

2.2. Blades

Sieemns Gamesa 5.Xblades are made up of fiberglass infusion & carbon pultruded-molded components. The blade
structure uses aerodynamic shells containing embedded spar-caps, bonded to two main epoxy-fiberglass-
balsa/foam-core shear webs. The Siemens Gamesa 5.X blades use a blade design based on SGRE proprietary
airfoils.

2.3. Rotor Hub

The rotor hub is cast in nodular cast iron and is fitted to the drive train low speed shaft with a flange connection. The
hub is sufficiently large to provide room for service technicians during maintenance of blade roots and pitch bearings
from inside the structure.

2.4. Drive train

The drive train is a 4-points suspension concept: main shaft with two main bearings and the gearbox with two torque
arms assembled to the main frame.

The gearbox is in cantilever position; the gearbox planet carrier is assembled to the main shaft by means of a flange
bolted joint and supports the gearbox.

2.5. Main Shaft

The low speed main shaft is casted and transfers the torque of the rotor to the gearbox and the bending moments to
the bedframe via the main bearings and main bearing housings.

2.6. Main Bearings

The low speed shaft of the wind turbine is supported by two tapered roller bearings. The bearings are grease
lubricated.

2.7. Gearbox
The gearbox is 3 stages high speed type (2 planetary + 1 parallel).

2.8. Generator

The generator is a doubly-fed asynchronous three phase generator with a wound rotor, connected to a frequency
PWM converter. Generator stator and rotor are both made of stacked magnetic laminations and formed windings.
Generator is cooled by air.

2.9. Mechanical Brake
The mechanical brake is fitted to the non-drive end of the gearbox.
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2.10. Yaw System

A cast bed frame connects the drive train to the tower. The yaw bearing is an externally geared ring with a friction
bearing. A series of electric planetary gear motors drives the yawing.

2.11. Nacelle Cover

The weather screen and housing around the machinery in the nacelle is made of fiberglass-reinforced laminated
panels.

2.12. Tower

The wind turbine is as standard mounted on a tapered tubular steel tower. Other tower technologies are available.
The tower has internal ascent and direct access to the yaw system and nacelle. It is equipped with platforms and
internal electric lighting.

2.13. Controller

The wind turbine controller is a microprocessor-based industrial controller. The controller is complete with switchgear
and protection devices and is self-diagnosing.

2.14. Converter

Connected directly with the Rotor, the Frequency Converter is a back to back 4Q conversion system with 2 VSC in
a common DC-link. The Frequency Converter allows generator operation at variable speed and voltage, while
supplying power at constant frequency and voltage to the MV transformer.

2.15. SCADA

The wind turbine provides connection to the SGRE SCADA system. This system offers remote control and a variety
of status views and useful reports from a standard internet web browser. The status views present information
including electrical and mechanical data, operation and fault status, meteorological data and grid station data.

2.16. Turbine Condition Monitoring

In addition to the SGRE SCADA system, the wind turbine can be equipped with the unique SGRE condition
monitoring setup. This system monitors the vibration level of the main components and compares the actual vibration
spectra with a set of established reference spectra. Review of results, detailed analysis and reprogramming can all
be carried out using a standard web browser.

2.17. Operation Systems

The wind turbine operates automatically. It is self-starting when the aerodynamic torque reaches a certain value.
Below rated wind speed, the wind turbine controller fixes the pitch and torque references for operating in the optimum
aerodynamic point (maximum production) taking into account the generator capability. Once rated wind speed is
surpassed, the pitch position demand is adjusted to keep a stable power production equal to the nominal value.

If high wind derated mode is enabled, the power production is limited once the wind speed exceeds a threshold value
defined by design, until cut-out wind speed is reached and the wind turbine stops producing power.

If the average wind speed exceeds the maximum operational limit, the wind turbine is shut down by pitching of the
blades. When the average wind speed drops back below the restart average wind speed, the systems reset
automatically.

D2056872/026 — Restricted
©Siemens Gamesa Renewable Energy S.A., 2021. All rights reserved. Page 7 of 67



Product customer documentation SIEMENS Gamesa

Developer Package RENEWABLE ENERGY

3. Technical Specifications

Rotor Generator
Type 3-bladed, horizontal axis Type | Asynchronous, DFIG
Position Upwind
Diameter 170 m Grid Terminals (LV)
Swept area 22,698 m?2 Baseline nominal 6.0MW/6.2 MW
power

Power regulation P'tgh & torque regulation with Voltage 690 V

variable speed
Rotor tilt 6 degrees Frequency 50 Hz or 60 Hz
Blade Yaw System
Type Self-supporting Type Active
Blade length 83,5m Yaw bearing Externally geared
Max chord 45m Yaw drive Electric gear motors
Aerc_)dynam|c S_lemens Gamesa proprietary Active friction brake
profile airfoils Yaw brake

G (Glassfiber) — CRP (Carbon

Material Reinforced Plastic)
Surface gloss Semi-gloss, <30 /1502813 Controller
; Siemens Integrated Control
Surface color Light grey, RAL 7035 or Type System (SICS)
SCADA system SGRE SCADA System
Aerodynamic Brake
Type Full span pitching Tower
Activation Active, hydraulic Type Tubular steel / Hybrid
Hub height igg(r:r;ﬁ'::o 165 m and site-
Corrosion protection
Load-Supporting Parts Surface gloss Painted
Semi-gloss, <30/ 1SO-2813
Hub Nodular cast iron Light grey, RAL 7035 or
Color White, RAL 9018
Main shaft Nodular cast iron
Nacelle bed Nodular cast iron q
frame Operational Data
Cut-in wind speed 3m/s
11.0 m/s (steady wind without
Rated wind speed turbulence, as defined by
Nacelle Cover IEC61400-1)
Type Totally enclosed Cut-out wind speed 25 m/s
Surface gloss Semi-gloss, <30 /1S02813 Restart wind speed 22 m/s
Light Grey, RAL 7035 or
Color White, RAL 9018
Weight
Different modules depending
Modular approach on restriction
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4. Nacelle Arrangement

The design and layout of the nacelle are preliminary and may be subject to changes during the development of the
product.
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5. Nacelle dimensions

The design and dimensions of the nacelle are preliminary and may be subject to changes during the development

phases of the product.

15121

rm S,

J|| T i

[ )

i & ?« | —c

3527

@ D‘D =

2650

4717 e

4200

w

<r

<r

<

>

w0

[a]
oo =
3354  _

Page 10 of 67

D2056872/026 — Restricted
©Siemens Gamesa Renewable Energy S.A., 2021. All rights reserved.



Product customer documentation SIEMENS Gamesa

Developer Package RENEWABLE ENERGY

6. Elevation Drawing

6.1. SG 6.2-170 115 m

6.2. SG 6.6-170 135 m

jo boigee 220000

oni 135000
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6.3. SG 6.2-170 145 m
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6.4. SG 6.2-170 165 m
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7. Blade Drawing
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8. Tower Dimensions

SG 6.2-170 is offered with an extensive tower portfolio ranging from 100m-165m, including the baseline 115m and
165m catalogue towers. All towers are designed in compliance with local logistics requirements. Information about

other tower heights and logistic will be available upon request.

SIEMENS Gamesa

RENEWABLE ENERGY

8.1. Tower hub height 100m IIIA. Tapered tubular steel tower

T100-51A

‘ Section 1 ‘

Section
2

Section
3

Section
4

External diameter upper flange (m) 4.700 4.493 4.493 3.503
External diameter lower flange (m) 4.700 4.700 4.493 4.493
Section's height (m) 14.300 21.560 26.880 34.450
Total weight (kg) 84033 79746 76060 75793
Total Tower weight (kg) 315632

8.2. Tower hub height 101.5m IllIA. Tapered tubular steel tower

T101.5-50A

‘ Section 1 ‘

Section
2

Section
3

Section
4

Section
5

Section 6

External diameter upper flange (m) 4.297 4.500 4.495 4.495 4.100 3.503
External diameter lower flange (m) 4.500 4.296 4.500 4.495 4.495 4.100
Section's height (m) 8.464 14.840 15.120 17.640 21.000 21.850
Total weight (kg) 61269 69797 57635 53454 48049 49717
Total Tower weight (kg) 339922

8.3. Tower hub height 115m IlIA. Tapered tubular steel tower

T115.0-50A

‘ Section 1 ‘

Section
2

Section
3

Section
4

Section
5

External diameter upper flange (m) 4,700 4,436 4,427 4,021 3,503
External diameter lower flange (m) 4,700 4,700 4,436 4,427 4,021
Section's height (m) 13,284 18,200 23,800 27,160 29,970
Total weight (kg) 85636 85143 85408 73226 64918
Total Tower weight (kg) 394329

8.4. Tower hub height 115m IlIA. Tapered tubular steel tower

T115-51A

‘ Section 1 ‘

Section
2

Section
3

Section
4

Section
5

External diameter upper flange (m) 4.800 4.793 4.793 4.793 3.503
External diameter lower flange (m) 4.800 4.800 4.793 4.793 4.793
Section's height (m) 11.780 17.920 21.840 28.000 32.770
Total weight (kg) 86804 84644 81556 77286 72512
Total Tower weight (kg) 402801

8.5. Tower hub height 135m IlIA. Tapered tubular steel tower

‘ ‘ Section ‘ Section ~ Section | Section

T135-50A Section 1 2 3 4 5 Section 6
External diameter upper flange (m) 5,682 5,679 4,829 4,426 4,419 3,503
External diameter lower flange (m) 6,000 5,682 5,679 4,829 4,426 4,419
Section's height (m) 15,000 17,640 20,720 24,920 27,440 26,694
Total weight (kg) 90710 83941 85048 84470 69785 56934
Total Tower weight (kg) 470888
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8.6. Tower hub height 145m IIIA. Tapered tubular steel tower

Section | Section | Section Section
Section 1 2 3 4 5

Section 7  Section 8

Section 6

T145-50A

(Eé;ema' dhizmisies Lgoe fege 6.400 6.400 | 6.400 | 6.400 | 5.750 5.100 4.450 3.503
(Eé;er"a' diameter |ower flange 6.400 6.400 6.400 | 6.400 | 6.400 5.750 5.100 4.450
Section's height (m) 12.320 14.000 | 15.680 | 18.200 | 18.480 | 18.480 18.480 26.890
Total weight (kg) 83350 82480 | 83110 | 83910 | 73260 62220 50400 64480
Total Tower weight (kg) 583210

8.7. Tower hub height 155m IlIA. Tapered tubular steel tower

Section 6  Section 7 | Section 8

Section | Section | Section Section
T155-50A Section 1 2 3 4 5

Fr;‘;ema' SRR LizE MEEE 6.575 6.575 | 6575 | 6575 | 6.575 5.376 4.44 3.503
a‘;ema' ez e fover iy 6.6 6575 | 6575 | 6575 | 6.575 5.975 5.376 4.44
Section's height (m) 12.32 1344 | 1456 | 16.24 | 18.48 18.48 28.84 29.97
Total weight (kg) 83980 82320 | 82350 | 82980 | 80910 70170 83270 70760
Total Tower weight (kg) 636740

8.8. Tower hub height 165m IIIA. Hybrid

T165-53A-MB

‘ Concrete

Section
1

Section
2

External diameter upper flange (m) 4,528 4,292 3,503
External diameter lower flange (m) 9,148 4,300 4,292
Section's height (m) 96,990 29,710 36,000
Total weight (kg) 81021 69827
Total Tower weight (kg) 150848
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9. Design Climatic Conditions

The design climatic conditions are the boundary conditions at which the turbine can be applied without
supplementary design review. Applications of the wind turbine in more severe conditions may be possible,
depending upon the overall circumstances.

All references made to standards such as the IEC and ISO are further specified in the document “Codes and
Standards”. The design lifetime presented in the below table only applies to the fatigue load analysis performed in
accordance with the presented IEC code. The term design lifetime and the use thereof do not constitute any express
and/or implied warranty for actual lifetime and/or against failures on the wind turbines. Please see document for
“design lifetime of wind turbine components” for more information.

Subject ID |lIssue Unit Value
0. Design 0.0 |Design lifetime definition - IEC 61400-1*
lifetime 0.1 |Design lifetime years 20 | 25
1. Wind, 1.1 | Wind definitions - IEC 61400-1
operation 1.2 |IEC class - A 1B
1.3 | Mean air density, p kg/m3 | 1.225 1.225
1.4 | Mean wind speed, Vave m/s 7.5 7.5
1.5 | Weibull scale parameter, A m/s 8.46 8.46
1.6 | Weibull shape parameter, k - 2 2
1.7 | Wind shear exponent, a - 0.20 0.20
1.8 | Reference turbulence intensity at 15 m/s, lref - 0.16 0.14
1.9 | Standard deviation of wind direction Deg - -
1.10 | Maximum flow inclination Deg 8 8
1.11 | Minimum turbine spacing, in rows D - -
1.12 | Minimum turbine spacing, between rows D - -
2. Wind, 2.1 | Wind definitions IEC 61400-1
extreme 2.2 | Air density, p kg/m3 1.225
2.3 | Reference wind speed average over 10 min m/s 375
at hub height, Vre )
2.4 | Maximum 3 s gust in hub height, Veso m/s 52.5
2.5 |Maximum hub height power law index, a - 0.11
2.6 | Storm turbulence - N/A
3. Temperatur 3.1 | Temperature definitions - IEC 61400-1
e 3.2 ¥inimum temperature at 2 m, stand-still, Deg.C 30
min, s
3.3 | Minimum temperature at 2 m, operation, Deg.C -20
Tmin, o
3.4 | Maximum temperature at 2 m, operation, Deg.C 402
Tmax, 0
3.5 | Maximum temperature at 2 m, stand-still, Deg.C 50
Tmax, S
4. Corrosion 4.1 | Atmospheric-corrosivity category definitions - ISO 12944-2
4.2 | Internal nacelle environment (corrosivity - C3H (std)
category) =C3H (high C)
4.3 | Exterior environment (corrosivity category) - C3H (std)
=C3H (high C)
5. Lightning 5.1 |Lightning definitions - IEC61400-24:2010
5.2 | Lightning protection level (LPL) - LPL 1
6. Dust 6.1 | Dust definitions - IEC 60721-3-4:1995

1 All mentioning of IEC 61400-1 refers to to IEC 61400-1:2018 Ed4.
2 Maximum power output may be limited after an extended period of operation with a power output close to nominal power. The limitation depends
on air temperature and air density as further described in the High Temperature Ride Through specification.
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Subject ID |Issue Unit Value
6.2 . . . mg/m Average Dust
Working environmental conditions % Concentrgtion (95%
time)
- 0.05 mg/m?
6.3 | Concentration of particles mg/m Peak Dust
3 Concentration (95%
time)
- 0.5 mg/M3
7. Hail 7.1 | Maximum hail diameter mm 20
7.2 | Maximum hail falling speed m/s 20
8. Ice 8.1 |Ice definitions - -
8.2 |lce conditions Days/ 7
yr
9. Solar 9.1 | Solar radiation definitions - IEC 61400-1
radiation 9.2 | Solar radiation intensity W/m2 1000
10. Humidity 10.1 | Humidity definition - IEC 61400-1
10.2 | Relative humidity % Up to 95
11. Obstacles 11.1 | If the height of obstacles within 500m of any turbine location height exceeds
1/3 of (H — D/2) where H is the hub height and D is the rotor diameter then
restrictions may apply. Please contact Siemens Gamesa Renewable Energy
for information on the maximum allowable obstacle height with respect to the
site and the turbine type.
12. Precipitatio | 12.1 | Annual precipitation mm/yr 1100
n3

3 The specified maximum precipitation considers standard liquid Leading Edge Protection. For sites with higher annual precipitation and/or longer
lifetime, it is recommended to consider optional reinforced Leading Edge Protection.
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10. Power Derating Curves by Ambient Temperature

10.1. SG 6.2-170 AMO STD

SGRE ON SG 6.2-170 AMO STD

7
6 ——
[ H""""—-—..____.h‘-_"""
"‘-u-..._‘_‘_‘_--‘-‘-‘-‘-‘-‘-‘-‘-
i \ —— 1,000 m ASL
5
[ \ ——1,250 m ASL
T | \ ——1,500 m ASL
24 ——1,750 m ASL
$ ——2,000 m ASL
(=]
o3 2,250 m ASL
b ———2,500 m ASL
5 2,750 m ASL
——3,000 m ASL
— Limit
1
0

-25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45 50
Ambient temperature [°C]

Figure 1: SG 6.2-170 AMO STD power derating curves by ambient temperature and altitude
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Table 1: SG 6.2-170 AMO STD grid power as function of ambient temperature and altitude

SGRE ON SG 6.2-170 AMO STD 6.20 MW 8.83 RPM 15-10-2021 / ZOO3FEFJ

Temp. °C 30 35 40 42 45
Power MW 6.2 6 5.6 4 0
Load - 1 097 09 0.65 0
Temp. °C 27.5 35 40 42 45
Power MW 6.2 594 5.46 4 0
Load - 1 096 0.88 0.65 0
Temp. °C 24.5 35 40 42 45
Power MW 6.2 5.88 532 4 0
Load - 1 095 086 0.65 0
Temp. °C 21 35 40 42 45
Power MW 6.2 581 5.18 4 0
Load - 1 094 0.84 0.65 0
Temp. °C 155 35 40 42 45
Power MW 6.2 575 5.05 4 0
Load - 1 093 081 0.65 0
Temp. °C 10.5 30 35 40 42 45
Power MW 6.2 575 555 492 397 0
Load - 1 0.93 09 079 0.64 0
Temp. °C 5 30 35 40 42 45
Power MW 6.2 563 536 479 3.95 0
Load - 1 091 086 077 0.64 0
Temp. °C 0 30 35 40 42 45
Power MW 6.2 552 516 466 3.92 0
Load - 1 089 083 0.75 0.63 0
Temp. °C -5.5 30 40 42 45
Power MW 6.2 54 453 3.9 0
Load - 1 087 073 0.63 0
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Table 2: SG 6.2-170 AMO STD ambient temperature as function of grid power and altitude

SGRE ON SG 6.2-170 AMO STD 8.83 RPM 15-10-2021 / ZOO3FEFJ

Altitude m ASL 1,000 1,250 1,750 2,000 2,250 2,500 2,750 3,000

Power MW Ambient temperature
6.2 30 27.5 24.5 21 15.5 10.5 5 0 -5.5
6.1 32.5 30.5 28 24.5 20 14.5 9.5 4.5 -1
6.0 35 33.5 31 28 24 19 14 8.5 3.5
5.9 36.5 35.5 34 32 28.5 23.5 185 13 8
5.8 37.5 36.5 35.5 35 33 27.5 225 17.5 12.5
5.7 39 37.5 36.5 36 35.5 31 27 22 17
5.6 40 38.5 37.5 36.5 36 34 30.5 26.5 21
5.5 39.5 38.5 37.5 37 35.5 32.5 30 25.5
5.4 40 39.5 38.5 37.5 36 34.5 31.5 30
5.3 40 39 38 37 35.5 33 31
5.2 40.5 40 39 38 36.5 34.5 325
5.1 39.5 38.5 37.5 35.5 33.5
5.0 40.5 40 39.5 38 36.5 34.5
4.9 40.5 40.5 40 39 37.5 35.5
4.8 41 40.5 40 38.5 37
4.7 41 39.5 38
4.6 41 40.5 40 39
4.5 41 41 40.5 40.5 40
4.4 41.5 41 40.5
4.3 41.5 41.5 41
4.2 41.5 41.5 415 41 41
4.1 41.5 41.5
4.0 42 42 42 42 42 415
3.9 42 42 42 42
3.3 42.5 42.5 425 42.5 425 425
3.2 42.5 42.5 42.5
2.6 43 43 43 43 43 43 43 43 43
2.0 435 43.5 43.5 43.5 43.5
1.9 43.5 43.5 43.5 43.5
1.3 44 44 44 44 44 44 44 44 44
0.6 445 445 44.5 445 44.5 44.5 44.5 44.5 44.5
0.0 45 45 45 45 45 45 45 45 45
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10.1.1. SG 6.2-170 AMO HT
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Figure 2: SG 6.2-170 AMO HT power derating curves by ambient temperature and altitude
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Table 3: SG 6.2-170 AMO HT grid power as function of ambient temperature and altitude

SGRE ON SG 6.2-170 AMO HT 6.20 MW 8.83 RPM 15-10-2021 / ZOO3FEFJ

Temp. °C 35 40 44 46

Power MW 6.2 6 4.64 0

Load - 1 097 0.75 0

Temp. °C 32 40 43 44 46

Power MW 6.2 592 492 451 0

Load - 1 096 0.79 0.73 0

Temp. °C 28 40 43 44 46

Power MW 6.2 584 487 4.06 0

Load - 1 094 079 0.65 0

Temp. °C 22 25 40 43 44 46

Power MW 6.2 6.14 576 481 361 0

Load - 1 099 093 0.78 0.58 0

Temp. °C 155 40 43 46

Power MW 6.2 565 4.75 0

Load - 1 091 0.77 0

Temp. °C 10.5 30 40 42 43 44 45 46
Power MW 6.2 576 553 499 466 312 1.19 0
Load - 1 093 0.89 0.8 0.75 0.5 0.19 0
Temp. °C 55 30 40 42 43 44 45 46
Power MW 6.2 564 542 492 453 3.08 0.79 0
Load - 1 091 087 079 0.73 05 0.13 0
Temp. °C 0 30 40 42 43 44 45 46
Power MW 6.2 5.53 53 486 421 3.04 0.39 0
Load - 1 089 08 0.78 068 049 0.06 0
Temp. °C -5 30 40 42 44 45

Power MW 6.2 541 518 479 299 0

Load - 1 087 084 0.77 0.48 0
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Table 4: SG 6.2-170 AMO HT ambient temperature as function of grid power and altitude

SGRE ON SG 6.2-170 AMO HT 8.83 RPM 15-10-2021 / ZOO3FEFRJ

Altitude m ASL 1,000 1,250 1,500 1,750 2,000 2,250 2,500 2,750 3,000

Power MW Ambient temperature
6.2 -20 -20 -20 -20 -20 -20 -20 -20 -20
6.2 35 32 28 22 15.5 10.5 5.5 0 -5
6.1 37.5 35 315 26.5 20 15 9.5 4.5 -0.5
6.0 40 38 35 30.5 24.5 19.5 14 9 3.5
5.9 40.5 40 38 34.5 29 24 185 135 8
5.8 40.5 40 38.5 33.5 28 23 18 12.5
5.7 40.5 40 38 32.5 27.5 22.5 17
5.6 41 40.5 40 37 32 26.5 215
5.5 41 41 41 40.5 40 36.5 31 26
5.4 41.5 41.5 41 40.5 40 35.5 30.5
5.3 42 41.5 41 40.5 40 35
5.2 42 41.5 41.5 41 40.5 39
5.1 42.5 42 42 41.5 41.5 41 40.5
5.0 42.5 425 42 415 41
4.9 43 43 42.5 42.5 42 42 42 41.5
4.8 43.5 43 43 425 42
4.7 43.5 43 42.5
4.6 44 43
4.5 44 43 42.5
4.4 43.5
4.3 42.5
4.2 43.5 43
4.0 44
3.9 43.5
3.8 43.5 43.5 43
3.6 44 435
3.4 445 43.5
3.3 445
3.1 44 44
3.0 44.5 44 44
2.9 44
2.7 445
2.3 45 44.5
2.2 45
2.1 445
2.0 45
1.9 44.5
1.8 45
1.7 44.5
1.5 45
1.4 445
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SGRE ON SG 6.2-170 AMO HT 8.83 RPM 15-10-2021 / ZOO3FEFJ

Altitude m ASL 1,000 1,250 1,500 1,750 2,000 2,250 2,500 2,750 3,000
Power MW Ambient temperature

1.1 455 455 45

1.0 45,5

0.9 45.5

0.7 45.5 45

0.5 45.5

0.3 45.5 45

0.1 45.5

0.0 46 46 46 46 46 46 46 46 45
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11. Flexible Rating Specifications ®

The SG 6.2-170 is offered with various operational modes that are achieved through the flexible operating capacity
of the product, enabling the configuration of an optimal power rating that is best suited for each wind farm. The
operating modes are broadly divided into two categories: Application Modes and Noise Reduction System Modes*.

11.1. Application Modes

Application Modes ensure optimal turbine performance with maximum power rating allowed by the structural and
electrical systems of the turbine. There are multiple Application Modes, offering flexibility of different power ratings.
All Application Modes are part of the turbine Certificate.

SG 6.2-170 can offer increased operation flexibility with modes based on AM 0 with reduced power rating. These
new modes are created with same noise performance of the corresponding Application Mode 0 but with decreased
rating and improved temperature de-rating than the corresponding Application Mode 0. In addition, the turbine’s
electrical performance is constant for the full set of application modes, as shown on the table below.

The SG 6.2-170 is designed with a base wind class, applicable to AM 0, of IEC IlIA for 20 year lifetime as well as
IEC 1lIB for 25 year lifetime. All other Application Modes may be analyzed for more demanding site conditions.

11.2. Full list of Application Modes

Max temperature

Rating| Noise Acoustic

Rotor Application Power Curve L Electrical Performance With Max active
Configuration mode Document Emission power and
[MW] [dB(A)] Document | cos phi Voltage Frequency electrical
Range range capabilities®
[0.951.1
2] Un
SG 6.2-170 AM 0 6.2 106 D2075729 D2359593 0.9 +3% Fn 30°C
[0.95,1.1
2] Un
SG 6.2-170 AM-1 6.1 106 D2356499 D2359593 0.9 +3% Fn 33°C
[0.95,1.1
2] Un
SG 6.2-170 AM-2 6.0 106 D2356509 D2359593 0.9 +3% Fn 35°C
[0.951.1
2] Un
SG 6.2-170 AM-3 5.9 106 D2356523 D2359593 0.9 +3% Fn 37°C
[0.95,1.1
2] Un
SG 6.2-170 AM-4 5.8 106 D2356539 D2359593 0.9 +3% Fn 38°C
[0.951.1
2] Un
SG 6.2-170 AM-5 5.7 106 D2356376 D2359593 0.9 +3% Fn 39°C
[0.951.1
2] Un
SG 6.2-170 AM-6 5.6 106 D2356368 D2359593 0.9 +3% Fn 40°C

4 It should be noted that the definition of various modes as described in this chapter is applicable in combination with standard temperature limits
and grid capabilities of the turbine. Please refer to High Temperature Power De-rating Specification and Reactive Power Capability Document for
more information

5 Please Refer to “High Temperature Power De-rating Specification” for more details’
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11.3. Noise Reduction System (NRS) Modes ®

The Noise Reduction System is an optional module available with the basic SCADA configuration and it therefore
requires the presence of a SGRE SCADA system to work. NRS Modes are noise curtailed modes enabled by the
Noise Reduction System. The purpose of this system is to limit the noise emitted by any of the functioning turbines
and thereby comply with local regulations regarding noise emissions.

Noise control is achieved through the reduction of active power and rotational speed of the wind turbine. This
reduction is dependent on the wind speed. The Noise Reduction System controls the noise settings of each turbine
to the most appropriate level at all times, in order to keep the noise emissions within the limits allowed. Sound
Power Levels correspond to the wind turbine configuration equipped with noise reduction add-ons attached to the
blade.

11.3.1. List of NRS Modes

Max temperature

Rotor NRS Mode Rating | Noise Power Curve ér?w?susslt(;(r:\ With Max active power
Configuration [MW] | [dB(A)] Document D and electrical
ocument s
capabilities

SG 6.2-170 N1 6.00 105.5 D2323420 D2359593 30°C
SG 6.2-170 N2 5.80 104.5 D2314784 D2359593 30°C
SG 6.2-170 N3 5.24 103.0 D2314785 D2359593 30°C
SG 6.2-170 N4 5.12 102.0 D2314786 D2359593 30°C
SG 6.2-170 N5 4.87 101.0 D2314787 D2359593 30°C
SG 6.2-170 N6 4.52 100.0 D2314788 D2359593 30°C
SG 6.2-170 N7 3.60 99.0 D2314789 D2359593 30°C
SG 6.2-170 N8 2.60 98.0 D2460509 D2460507 30°C

11.4. Control Strategy

The Application Modes are implemented and controlled in the Wind Turbine Controller. The NRS modes are also
handled in the SCADA, however it shall also be possible to deploy custom NRS modes from the SCADA to the
Wind Turbine Controller.

5 Please refer to “High Temperature Ride Through” for more details’.
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12. Standard Ct and Power Curve, Rev. 0, Mode AM 0O

12.1. Standard Power Curve, Application Mode - AM 0
Air density= 1.225 kg/m3

Validity range:

Wind Shear (10min average) <0.3
. . o (0.75v; + 5.6) (0.75v; + 5.6)
Turbulence intensity Tl [%] for bin i 5%7 < TL < 12%7
Terrain Not complex according to IEC 61400-12-1
Upflow B [°] 2°SB=s+2°
Grid frequency [Hz] +0.5Hz

Other considerations: Clean rotor blades, substantially horizontal, undisturbed air flow, turbine operated within
nominal limits according to the Electrical Specification.

Next table shows the electrical power as a function of wind speed in hub height, averaged in ten minutes, for air
density = 1.225 kg/m3. The power curve does not include losses in the transformer and high voltage cables.

For a detailed description of Application Mode — AM 0, please refer to latest version of Flexible Rating Specification
(D2316244).
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SG 6.2-170 Rev. 0, AM O

Wind Speed [m/s] Power [kKW]
3.0 89
3.5 178
4.0 328
4.5 522
5.0 758
5.5 1040
6.0 1376
6.5 1771
7.0 2230
7.5 2758
8.0 3351
8.5 3988
9.0 4617
9.5 5166
10.0 5584
10.5 5862
11.0 6028
11.5 6117
12.0 6161
12.5 6183
13.0 6192
13.5 6197
14.0 6199
14.5 6199
15.0 6200
15.5 6200
16.0 6200
16.5 6200
17.0 6200
17.5 6200
18.0 6200
18.5 6200
19.0 6200
19.5 6200
20.0 6200
20.5 6080
21.0 5956
21.5 5832
22.0 5708
22.5 5584
23.0 5460
23.5 5336
24.0 5212
24.5 5088
25.0 4964
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The annual energy production data for different annual mean wind speeds in hub height are calculated from the
above power curve assuming a Weibull wind speed distribution, 100 percent availability, and no reductions due to

array losses, grid losses, or other external factors affecting the production.

A Average d Speed a D elg

5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

5.0
15 | 12624 | 15003 | 17272 | 19392 | 21337 | 23092 | 24653 | 26018 | 27192 | 28185 | 29009

Weibull K | 2.0 | 11514 | 14363 | 17198 | 19937 | 22528 | 24939 | 27150 | 29151 | 30937 | 32503 | 33853
2.5 | 10370 | 13438 | 16625 | 19798 | 22856 | 25732 | 28389 | 30811 | 32995 | 34946 | 36669

Annual Production [MWh] SG 6.2-170 Rev 0, AM 0 wind turbine for the standard version, as a function of the annual mean wind
speed at hub height, and for different Weibull parameters. Air density 1.225 kg/m?
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12.2. Standard Ct Curve, Application Mode - AM 0
Air density= 1.225 kg/m3

Validity range:

Wind Shear (10min average) <0.3
Turbulence intensity Tl [%] for bin i S%M < Tl < 12%@
Terrain Not complex according to IEC 61400-12-1
Upflow B [°] 2°<B<+2°
Grid frequency [Hz] + 0.5 Hz

Other considerations: Clean rotor blades, substantially horizontal, undisturbed air flow, turbine operated within
nominal limits according to the Electrical Specification.

The thrust coefficient Ct is used for the calculation of the wind speed deficit in the wake of a wind turbine.
Ct is defined by the following expression:

Ct=F/(0.5*ad*w?*A)

where

F = Rotor force [N]

ad = Air density [kg/m3]

w = Wind speed [m/s]

A = Swept area of rotor [m?]

For a detailed description of Application Mode - AM 0, please refer to latest version of Flexible Rating Specification
(D2316244).
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SG 6.2-170 Rev. 0, AM O

Wind Speed [m/s] Ct[-]
3.0 0.953
3.5 0.880
4.0 0.847
4.5 0.828
5.0 0.824
5.5 0.828
6.0 0.833
6.5 0.836
7.0 0.837
7.5 0.835
8.0 0.825
8.5 0.802
9.0 0.759
9.5 0.696
10.0 0.620
10.5 0.541
11.0 0.466
11.5 0.402
12.0 0.347
12.5 0.303
13.0 0.266
13.5 0.235
14.0 0.209
14.5 0.187
15.0 0.169
155 0.153
16.0 0.139
16.5 0.127
17.0 0.117
17.5 0.108
18.0 0.100
18.5 0.093
19.0 0.087
19.5 0.082

20.0 0.077
20.5 0.066
21.0 0.060
21.5 0.055
22.0 0.051
22.5 0.047
23.0 0.043
23.5 0.040
24.0 0.037
24.5 0.034
25.0 0.032
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13. Standard Ct and Power Curve, Rev. 0, AM 0 — Air Density

13.1. Standard Power Curve, Application Mode — AM 0

Air density= [1.06, 1.27] kg/m3

Validity range:

Wind Shear (10min average) <0.3
_ , . (0.75v,+ 5.6) (0.75v; + 5.6)
Turbulence intensity Tl [%] for bin i 5% ———< T < 12%7
i i
Terrain Not complex according to IEC 61400-12-1
Upflow B [°] 2°<Bs+2°

Grid frequency [Hz] + 0.5 Hz

Other considerations: Clean rotor blades, substantially horizontal, undisturbed air flow, turbine operated within
nominal limits according to the Electrical Specification.

Next table shows the electrical power as a function of wind speed in hub height, averaged in ten minutes, for air
density range = [1.06, 1.27] kg/m3. The power curve does not include losses in the transformer and high voltage
cables.

For a detailed description of Application Mode — AM 0, please refer to latest version of Flexible Rating Specification
(D2316244).
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~_ SG62-170Mode AMOPowercurves[kW]

Ws hub Air density [kg/m?3]
/sl | 1205 | 1.06 1.09 1.12 1.15 1.18 1.21 1.24 1.27
3.0 89 75 77 80 82 85 88 90 93
35 178 145 151 157 163 169 175 181 187
4.0 328 272 282 202 302 312 323 333 343
45 522 439 454 470 485 500 515 530 545
50 758 644 665 686 706 727 748 769 789
55 1040 | 888 916 944 971 999 1027 | 1054 | 1082
6.0 1376 | 1179 | 1215 | 1250 | 1286 | 1322 | 1358 | 1394 | 1430
6.5 1771 | 1521 | 1566 | 1612 | 1657 | 1703 | 1748 | 1794 | 1839
7.0 2230 | 1010 | 1976 | 2032 | 2089 | 2146 | 2202 | 2259 | 2315
75 2758 | 2377 | 2446 | 2516 | 2585 | 2654 | 2723 | 2793 | 2862
8.0 3351 | 2893 | 2977 | 3060 | 3144 | 3227 | 3310 | 3392 | 3474
85 3988 | 3455 | 3553 | 3652 | 3749 | 3846 | 3941 | 4035 | 4127
9.0 4617 | 4033 | 4145 | 4255 | 4363 | 4467 | 4568 | 4664 | 4756
95 5166 | 4586 | 4706 | 4820 | 4928 | 5029 | 5122 | 5208 | 5288

10.0 5584 5074 5191 5296 5390 5475 5549 5616 5675
10.5 5862 5466 5567 5652 5725 5786 5839 5884 5922
11.0 6028 5753 5830 5891 5940 5981 6013 6040 6063
11.5 6117 5944 5997 6036 6067 6090 6109 6124 6136
12.0 6161 6061 6094 6117 6135 6148 6157 6165 6171
12.5 6183 6128 6147 6160 6169 6176 6181 6184 6187
13.0 6192 6164 6174 6181 6186 6189 6191 6193 6194
13.5 6197 6182 6188 6191 6194 6195 6196 6197 6198
14.0 6199 6192 6194 6196 6197 6198 6198 6199 6199
14.5 6199 6196 6197 6198 6199 6199 6199 6199 6200
15.0 6200 6198 6199 6199 6199 6200 6200 6200 6200
15.5 6200 6199 6199 6200 6200 6200 6200 6200 6200
16.0 6200 6200 6200 6200 6200 6200 6200 6200 6200
16.5 6200 6200 6200 6200 6200 6200 6200 6200 6200
17.0 6200 6200 6200 6200 6200 6200 6200 6200 6200
17.5 6200 6200 6200 6200 6200 6200 6200 6200 6200
18.0 6200 6200 6200 6200 6200 6200 6200 6200 6200
18.5 6200 6200 6200 6200 6200 6200 6200 6200 6200
19.0 6200 6200 6200 6200 6200 6200 6200 6200 6200
19.5 6200 6200 6200 6200 6200 6200 6200 6200 6200
20.0 6200 6200 6200 6200 6200 6200 6200 6200 6200
20.5 6080 6080 6080 6080 6080 6080 6080 6080 6080
21.0 5956 5956 5956 5956 5956 5956 5956 5956 5956
21.5 5832 5832 5832 5832 5832 5832 5832 5832 5832
22.0 5708 5708 5708 5708 5708 5708 5708 5708 5708
22.5 5584 5584 5584 5584 5584 5584 5584 5584 5584
23.0 5460 5460 5460 5460 5460 5460 5460 5460 5460
23.5 5336 5336 5336 5336 5336 5336 5336 5336 5336
24.0 5212 5212 5212 5212 5212 5212 5212 5212 5212
24.5 5088 5088 5088 5088 5088 5088 5088 5088 5088
25.0 4964 4964 4964 4964 4964 4964 4964 4964 4964
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The annual energy production data for different annual mean wind speeds in hub height are calculated from the
above power curve assuming a Weibull wind speed distribution with a K-factor of 2.0, 100 percent availability, and
no reductions due to array losses, grid losses, or other external factors affecting the production.

A al Average d Speedad o D Helg
5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10
1.225 | 11514 | 14363 | 17198 | 19937 | 22528 | 24939 | 27150 | 29151 | 30937 | 32503 | 33853
1.06 | 10152 | 12804 | 15493 | 18136 | 20675 | 23069 | 25292 | 27325 | 29156 | 30780 | 32191
1.09 | 10413 | 13107 | 15829 | 18495 | 21049 | 23449 | 25673 | 27702 | 29526 | 31139 | 32540
Density [ 1,12 | 10667 | 13401 | 16151 | 18838 | 21403 | 23808 | 26030 | 28054 | 29871 | 31474 | 32862
1.15 | 10916 | 13685 | 16463 | 19167 | 21741 | 24149 | 26369 | 28387 | 30195 | 31788 | 33165
[kg/m?] 1.18 | 11159 | 13962 | 16763 | 19483 | 22065 | 24475 | 26692 | 28704 | 30503 | 32085 | 33451
1.21 | 11397 | 14231 | 17055 | 19788 | 22376 | 24787 | 27000 | 29005 | 30795 | 32367 | 33722
1.24 | 11630 | 14493 | 17338 | 20083 | 22676 | 25086 | 27295 | 29293 | 31074 | 32635 | 33979
1.27 | 11859 | 14750 | 17613 | 20368 | 22966 | 25375 | 27580 | 29570 | 31341 | 32893 | 34225

Annual Production [MWh] SG 6.2-170 Rev 0, Mode AM 0 wind turbine for the standard version, as a function of the annual mean wind speed at
hub height, and for Weibull parameter k=0.
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13.2. Standard Ct Curve, Application Mode - AM 0
Air density= [1.06, 1.27] kg/m3

Validity range:

Wind Shear (10min average) <0.3
Turbulence intensity Tl [%] for bin i S%M < Tl < 12%@
Terrain Not complex according to IEC 61400-12-1
Upflow B [°] 2°<B<+2°
Grid frequency [Hz] + 0.5 Hz

Other considerations: Clean rotor blades, substantially horizontal, undisturbed air flow, turbine operated within
nominal limits according to the Electrical Specification.

The thrust coefficient Ct is used for the calculation of the wind speed deficit in the wake of a wind turbine.
Ct is defined by the following expression:

Ct=F/(05*ad*w2 * A)

where

F = Rotor force [N]

ad = Air density [kg/m3]

w = Wind speed [m/s]

A = Swept area of rotor [m?]

For a detailed description of Application Mode - AM 0, please refer to latest version of Flexible Rating Specification
(D2316244).

D2056872/026 — Restricted
©Siemens Gamesa Renewable Energy S.A., 2021. All rights reserved. Page 35 of 67



Product customer documentation SIEMENS Gamesa

Developer Package RENEWABLE ENERGY

SG 6.2-170 Mode AM O ct curves [-]

. . 3

WSs hub Air density [kg/m3]
] 1.225 1.06 1.09 1.12 1.15 1.18 1.21 1.24 1.27
3.0 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953 0.953
3.5 0.880 0.880 0.880 0.880 0.880 0.880 0.880 0.880 0.880
4.0 0.847 0.847 0.847 0.847 0.847 0.847 0.847 0.847 0.847
4.5 0.828 0.828 0.828 0.828 0.828 0.828 0.828 0.828 0.828
5.0 0.824 0.824 0.824 0.824 0.824 0.824 0.824 0.824 0.824
5.5 0.828 0.828 0.828 0.828 0.828 0.828 0.828 0.828 0.828

6.0 0.833 0.833 0.833 0.833 0.833 0.833 0.833 0.833 0.833
6.5 0.836 0.836 0.836 0.836 0.836 0.836 0.836 0.836 0.836

7.0 0.837 0.837 0.837 0.837 0.837 0.837 0.837 0.837 0.837
7.5 0.835 0.835 0.835 0.835 0.835 0.835 0.835 0.835 0.835
8.0 0.825 0.825 0.825 0.825 0.825 0.825 0.825 0.825 0.825
8.5 0.802 0.804 0.804 0.804 0.803 0.803 0.802 0.801 0.800
9.0 0.759 0.767 0.767 0.766 0.765 0.763 0.761 0.757 0.753
9.5 0.696 0.716 0.715 0.712 0.709 0.705 0.699 0.693 0.686

10.0 0.620 0.654 0.651 0.646 0.640 0.633 0.625 0.615 0.605
10.5 0.541 0.588 0.582 0.575 0.566 0.556 0.546 0.535 0.524
11.0 0.466 0.521 0.513 0.503 0.493 0.483 0.472 0.461 0.450
11.5 0.402 0.458 0.448 0.438 0.428 0.417 0.407 0.396 0.386
12.0 0.347 0.401 0.391 0.381 0.371 0.361 0.352 0.343 0.334
12.5 0.303 0.351 0.342 0.333 0.324 0.315 0.307 0.299 0.291
13.0 0.266 0.309 0.300 0.292 0.284 0.276 0.269 0.262 0.256
13.5 0.235 0.273 0.265 0.258 0.251 0.244 0.238 0.232 0.226
14.0 0.209 0.243 0.236 0.229 0.223 0.217 0.212 0.207 0.202
14.5 0.187 0.217 0.211 0.205 0.200 0.195 0.190 0.185 0.181
15.0 0.169 0.195 0.190 0.185 0.180 0.175 0.171 0.167 0.163
15.5 0.153 0.176 0.171 0.167 0.163 0.158 0.155 0.151 0.147
16.0 0.139 0.160 0.156 0.152 0.148 0.144 0.141 0.137 0.134
16.5 0.127 0.146 0.142 0.138 0.135 0.132 0.128 0.125 0.123
17.0 0.117 0.134 0.130 0.127 0.124 0.121 0.118 0.115 0.113
17.5 0.108 0.124 0.120 0.117 0.114 0.112 0.109 0.106 0.104
18.0 0.100 0.115 0.112 0.109 0.106 0.104 0.101 0.099 0.097
18.5 0.093 0.107 0.104 0.101 0.099 0.096 0.094 0.092 0.090
19.0 0.087 0.100 0.097 0.095 0.093 0.090 0.088 0.086 0.084
19.5 0.082 0.094 0.091 0.089 0.087 0.085 0.083 0.081 0.079
20.0 0.077 0.088 0.086 0.084 0.082 0.080 0.078 0.076 0.075
20.5 0.066 0.075 0.073 0.071 0.069 0.068 0.066 0.065 0.064
21.0 0.060 0.068 0.067 0.065 0.064 0.062 0.061 0.060 0.058
21.5 0.055 0.063 0.061 0.060 0.058 0.057 0.056 0.055 0.054
22.0 0.051 0.058 0.056 0.055 0.054 0.053 0.051 0.050 0.049
22.5 0.047 0.053 0.052 0.051 0.050 0.048 0.047 0.046 0.046
23.0 0.043 0.049 0.048 0.047 0.046 0.045 0.044 0.043 0.042
23.5 0.040 0.045 0.044 0.043 0.042 0.041 0.040 0.040 0.039
24.0 0.037 0.042 0.041 0.040 0.039 0.038 0.037 0.037 0.036
24.5 0.034 0.039 0.038 0.037 0.036 0.035 0.035 0.034 0.033
25.0 0.032 0.036 0.035 0.034 0.034 0.033 0.032 0.032 0.031
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14. Standard Acoustic Emission, Rev. 0. Mode AM 0O

Typical Sound Power Levels

The sound power levels are presented with reference to the code IEC 61400-11 ed. 3.0 (2012). The
sound power levels (Lwa) presented are valid for the corresponding wind speeds referenced to the hub

height.
wind speed [m/s] | 3 4 5 6 7 8 9 10 11 12 | P
AM O 92.0 [ 92.0 | 94.5 | 98.4 | 101.8 | 104.7 | 106.0 | 106.0 | 106.0 | 106.0 | 106.0

Table 1: Acoustic emission, Lwa[dB(A) re 1 pW](10 Hz to 10kHz)]

Wind speed [m/s] 6 8

AM O 87.6 | 93.9

Table 2: Acoustic emission, Lwa[dB(A) re 1 pW](10 Hz to 160 Hz)]

Low Noise Operations

The lower sound power level is also available and can be achieved by adjusting the turbines controller
settings, i.e. an optimization of rpm and pitch. The noise settings are not static and can be applied to
optimize the operational output of the turbine. Noise settings can be tailored to time of day as well as
wind direction to offer the most suitable solution for a specific location. This functionality is controlled via
the WebWPS SCADA and is described further in the white paper on Noise Reduction Operations.
Furthermore, tailored power curves can be provided which take wind speed into consideration allowing
for management of the turbine output power and noise emission level to comply with site specific noise
requirements. Tailored power curves are project and turbine specific and will therefore require Siemens
Gamesa Siting involvement to provide the optimal solutions. The lower sound power levels may not be
applicable to all tower variants. Please contact Siemens Gamesa for further information.

For a detailed description of Application Mode — AM 0, please refer to Flexible Rating Specification
(D2316244).
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15. Electrical Specifications

Nominal output and grid conditions

Nominal power ................. 6200 kW

Nominal voltage................ 690 V

Power factor correction..... Frequency converter
Power factor range ........... control

0.9 capacitive to 0.9
inductive at nominal
balanced voltage

Generator

DFIG Asynchronous
6350 kW @30°C ext.
ambient

1120 rpm-6p (50Hz)
1344 rpm-6p (60HZ)

Generator Protection

Grid Capabilities Specification
Nominal grid frequency...... 50 or 60 Hz

Minimum voltage................ 85 % of nominal
Maximum voltage............... 113 % of nominal
Minimum frequency ........... 92 % of nominal
Maximum frequency .......... 108 % of nominal

Maximum voltage imbalance
(negative sequence of

component voltage). .......... 5%
Max short circuit level at
controller’s grid

Terminals (690 V) .............. 82 kA

Power Consumption from Grid (approximately)

At stand-by,No yawing....... 10 kW

At stand-by, yawing ........... 50 kW

Controller back-up

UPS Controller system ...... Online UPS, Li battery
Back-up time...........cc........ 1 min

Insulation class................. Stator H/H

Rotor H/H
Winding temperatures....... 6 Pt 100 sensors
Bearing temperatures........ 3 Pt 100
Slip Rings 1 Pt 100

Grounding brush...... ........

Generator Cooling

Cooling system.................
Internal ventilation ............
Control parameter.............

Frequency Converter

Operation........ccccceevvuvneeen.
SWItching ....oocveeeiiiiecnee
Switching freq., grid side...
Cooling ....cevvieeieeeiei

Main Circuit Protection
Short circuit protection......
Surge arrester...................

Peak Power Levels
10 min average.................
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On side no coupling

Air cooling

Air

Winding, Air, Bearings
temperatures

4Q B2B Partial Load
PWM

2.5kHz

Liquid/Air

Circuit breaker
varistors

Limited to nominal

Back-up time Scada.........

Transformer Specification

Transformer impedance

requirement........ccccooeeueeeee.
Secondary voltage..............
Vector group ........ccceveeeeennn.

Earthing Specification

Earthing system.................
Foundation reinforcement..

Foundation terminals .........

HV connection ...................

Depend on configuration

8.5% -10.5%

690 V

Dyn 11 or Dyn 1 (star point
earthed)

Acc. to IEC62305-3 ED
1.0:2010

Must be connected to earth
electrodes

Acc. to SGRE Standard

HV cable shield shall be
connected to earthing system
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16. Simplified Single Line Diagram
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17. Transformer Specifications ECO 30 kV

Transformer

Type
Max. LV Current

Nominal voltage
Frequency
Impedance voltage

Tap changer
Loss (Po /Pk7sc)

Vector group
Standard

Cold Climate Package
Transformer Monitoring
Top oil temperature

Oil level monitoring sensor
Overpressure relay
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Liquid filled
7110 A

30/0.69 kV

50 Hz

9.5% + 8.3% at ref. 6.5
MVA

+2x2.5% (optional)
4.77/84.24 KW at ref.
7.332 MVA

Dynll

IEC 60076

EN50708 — ECO Tier 2
(optional)

PT100 sensor
Digital input
Digital input

q
CONTACTOR B] \ g?EEGFéAREE
GRID
INDUCTOR
4‘< e

L
Transformer Cooling
Cooling type KFWF
Liquid inside transformer K-class liquid
Cooling liquid at heat Glysantin

exchanger

Transformer Earthing
Star point The star point of the
transformer is connected to

earth
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18. Switchgear Specifications

The switchgear will be chosen as factory-assembled, type-tested and maintenance-free high-voltage switchgear
with single-busbar system. The device will be metal-enclosed, metal-clad, gas-isolated, and conforms to the
stipulations of IEC 62271-200.

The switchgear vessel of the gas-insulated switchgear is classified according to IEC as a “sealed pressure system”.
It is gas-tight for life. The switchgear vessel accommodates the busbar system and switching device (such as
vacuum circuit breaker, three-position switch disconnecting and earthing). The vessel is filled with sulphur
hexafluoride (SF6) at the factory. This gas is non-toxic, chemically inert, and features a high dielectric strength. Gas
work on site is not required, and even in operation it is not necessary to check the gas condition or refill, the vessel
is designed for being gas tight for life.

To monitor the gas density, every switchgear vessel is equipped with a ready-for-service indicator at the operating
front. This is a mechanical red/green indicator, self-monitoring and independent of temperature and variations of
the ambient air pressure.

MV cables connected to the grid cable- and circuit-breaker feeders are connected via cast-resin bushings leading
into the switchgear vessel. The bushings are designed as outside-cone system type “C” M16 bolted 630 A
connections according to EN 50181. The compartment is accessible from the front. A mechanical interlock ensures
that the cable compartment cover can only be removed when the three-position switch is in the earthed position.

The circuit-breaker operates based on vacuum switching technology. The vacuum interrupter unit is installed in the
switchgear vessel together with the three-position switch and is thus protected from environmental influences. The
operating mechanism of the circuit-breaker is located outside the vessel. Both, the interrupters and the operating
mechanisms, are maintenance-free.

Padlock facilities are provided to lock the switchgear from operation in disconnector open and close position, earth
switch open and close position, and circuit breaker open position, to prevent improper operation of the equipment.

Capacitive Voltage detection systems are installed both in the grid cable and the circuit breaker feeders. Pluggable
indicators can be plugged at the switchgear front to show the voltage status.

The switchgear is equipped with an over-current protection relay with the functions over current, short circuit and
earth fault protection. The relay ensures that the transformer is disconnected if a fault occurs in the transformer or
the high voltage installation in the wind turbine. The relay is adjustable to obtain selectivity between low voltage
main breaker and the circuit breaker in the substation. The protective system shall cause the circuit breaker
opening with a dual powered relay (self-power supply + external auxiliary power supply possibility). It imports its
power supply from current transformers, that are already mounted on the bushings inside the circuit breaker panel
and is therefore ideal for wind turbine applications.

Trip signals from the transformer auxiliary protection and wind turbine controller can also disconnect the
switchgear.

The switchgear consists of two or more feeders*; one circuit breaker feeder for the wind turbine transformer also
with earthing switch and one or more grid cable feeders** with load break switch and earthing switch. The
switchgear can be operated local at the front or by use of portable remote control (circuit breaker only) connected
to a control box at the wind turbine entrance level.

* Up to four feeders.

** SGRE to be contacted for possible feeder configurations of circuit breaker and grid feeder combinations.
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The switchgear is located at the bottom of the tower. The main transformer, LV switchgear and converters are
located on the nacelle level above the tower.

Grid cables, from substation and/or between the turbines, must be installed at the bushings in the grid cable feeder
cubicles of the switchgear. These bushings are the interface/grid connection point of the turbine. It is possible to
connect grid cables in parallel by installing the cables on top of each other. The space in the MV cable
compartments of the switchgear allows the installation of two connectors per phase or one connector + surge

arrester per phase.

The transformer cables are installed at the bottom of the circuit breaker feeder. The cable compartment is
accessible from the front. A mechanical interlock ensures that the cable compartment cover can only be removed

when the three-position switch is in the earthed position.

19. Technical Data for Switchgear

Switchgear
Make

Type

Rated voltage

Operating voltage

Rated current

Short time withstand current
Peak withstand current
Power frequency withstand
voltage

Lightning withstand voltage
Insulating medium
Switching medium

Consist of

Grid cable feeder

Circuit breaker feeder
Degree of protection, vessel

Internal arc classification IAC:

Pressure relief
Standard
Temperature range

Grid cable feeder (line
cubicle)

Rated current, Cubicle
Rated current, load breaker
Short time withstand current
Short circuit making current
Three position switch
Switch mechanism

Control

Voltage detection system

Siemens / Ormazabal
8DJH, 8DJH 36 /
cgmcosmos, cgm.3
20-40,5(Um) kV
20-40,5(Um) kV

630 A

20 kA/1s

50 kA

70 kV

170 kV

SFe

Vacuum

2/3/4 panels
Cable riser or line
cubicle

Circuit breaker
IP65

A FLR 20 kA 1s
Upwards

IEC 62271
-25°C to +45°C

630 A

630 A

20 kA/1s

50 kA/1s

Closed, open, earthed
Spring operated

Local

Capacitive

*Cable clamps are not part of switchgear delivery.
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Circuit breaker feeder
Rated current, Cubicle

Rated current circuit breaker
Short time withstand current
Short circuit making current
Short circuit breaking current
Three position switch

Switch mechanism

Tripping mechanism

Control
Coil for external trip
Voltage detection system

Protection
Over-current relay
Functions

Power supply

Interface- MV/HV Cables
Grid cable feeder

Cable entry
Cable clamp size (cable outer
diameter) *

Circuit breaker feeder
Cable entry

Interface to turbine control
Breaker status

SF6 supervision

External trip

630 A

630 A

20 kA/1s

50 kA/1s

20 kA/1s

Closed, open, earthed
Spring operated
Stored energy

Local
230V AC
Capacitive

Self-powered
50/51 50N/51N
Integrated CT supply

630 A bushings type C
M16

Max 2 feeder cables
From bottom

26 - 38mm

36 - 52mm

50 - 75mm

630 A bushings type C
M16

From bottom

1 NO contact
1 NO contact
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20. Grid Performance Specifications — 50 Hz

This document describes the grid performance of the Siemens Gamesa 5.X, 50 Hz wind turbine. Siemens Gamesa
Renewable Energy (SGRE) will provide wind turbine technical data for the developer to use in the design of the
wind power plant and the evaluation of requirements compliance. The developer will be responsible for the
evaluation and ensuring that the requirements are met for the wind power plant.

The capabilities described in this document assume that the electrical network is designed to be compatible with
operation of the wind turbine. SGRE will provide a document with guidance to perform an assessment of the
network’s compatibility.

20.1. Fault Ride Through (FRT) Capability

The wind turbine is capable of operating when voltage transient events occur on the interconnecting transmission
system above and below the standard voltage lower limits and time slot according to Figure 1 and Figure 2.

This performance assumes that the installed amount of wind turbines is in the right proportion to the strength of the
grid, which means that the short circuit ratio (Sk/Sn) and the X/R ratio of the grid at the wind turbine transformer
terminals must be adequate.

Evaluation of the wind turbine’s fault ride through capability in a specific system must be based on simulation
studies using the specific network model and a dynamic wind turbine model provided by SGRE. This model is a
reduced order model, suitable for balanced simulations with time steps between 4-10 ms.

The standard voltage limits for the Siemens Gamesa 5.X, 50 Hz wind turbine are presented in Figure 1 between O -
70 seconds.

HVRT & LVRT Voltage Profile

Siemens Gamesa 5.X
14

60, 1.25

12 1,125

60, 1.13

1,113

60,09
10, 0.85

o
=)

10, 0.8 60, 0.85

2.854, 0.7107

Voltage (p.u.)

o
o

04

——LVRT Guaranteed profile Lv

——HVRT Maximum profile LV, derating allowed
0.2

0.45, 0.06205 ——HVRT Minimum profile LV

0.45,0
Time (s)

Figure 1. High and Low voltage limits for Siemens Gamesa 5.X, 50 Hz wind turbine in the range of 0-70 seconds.
The nominal voltage is 690 V (i.e. 1 p.u.).
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20.2. Power Factor

The wind turbine can operate in a power factor range of 0.9 leading to 0.9 lagging at the low voltage side of the
wind turbine transformer, considering a voltage level equal or higher of 0.95pu. Depending on the voltage
behaviour (higher or lower, inside maximum permissible margins), the Reactive Power maximum capability is
modified accordingly.

The control mode for the wind turbine is with reactive power set-points or Local Voltage Control mode (external set-
points of voltage).

20.3. Supervisory Control and Data Acquisition (SCADA) Capability

The SGRE SCADA system has the capability to transmit and receive instructions from the transmission system
provider for system reliability purposes depending on the configuration of the SCADA system. The project specific
SCADA requirements must be specified in detail for design purposes.

20.4. Frequency Capability

The wind turbine can operate in the frequency range between 46 Hz and 54 Hz, making a difference between a
steady state operation (full simultaneity): £3%, and transients’ events (limited simultaneity): +8%, over rated
frequency.

Simultaneities of main operation parameters shall be considered for evaluating the permitted operation ranges,
mainly:

e Active Power level

e Reactive Power provision

e Ambient Temperature

e Voltage level of operation

e Frequency level of operation

And the total time that the turbine is operating under such conditions.

20.5. Voltage Capability

The voltage operation range for the wind turbine is between 85% and 113% of nominal voltage at the low voltage
side of the wind turbine transformer. The voltage can be up to 130% for 1s, see Figure 1. The wind turbine’s target
voltage shall stay between 95% and 105% to support the best possible performance by staying within the operation
limits.

Beyond +10% of voltage deviation, automatic voltage support algorithms could execute Reactive Power control, to
secure a continuous operation of the Wind Turbine Generator and maximizing the availability, overriding external
control and setpoints of Reactive Power.
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20.6. Flicker and Harmonics

Flicker and Harmonics values will be provided in the power quality measurement report extract in accordance with
IEC 61400-21 Edition 2.

20.7. Reactive Power — Voltage Control

The power plant controller can operate in four different modes:

e Q Control — In this mode reactive power is controlled at the point of interconnection, according to a reactive
power reference

e V Control — Voltage is directly controlled at the point of interconnection, according to a voltage reference

e V-Q static — Voltage is controlled at the point of interconnection, by means of a pre-defined voltage —
reactive power characteristic

e Power factor (cosphi) control — Power factor is controlled at the point of interconnection, according to a
power factor reference

The SCADA system receives feedback/measured values from the Point of Interconnection depending on the
control mode it is operating. The wind power plant controller then compares the measured values against the target
levels and calculates the reactive power reference. Finally, reactive power references are distributed to each
individual wind turbine. The wind turbine’s controller responds to the latest reference from the SCADA system and
will generate the required reactive power accordingly from the wind turbine.

20.8. Frequency Control

The frequency control is managed by the SCADA system together with the wind turbine controller. The wind power
plant frequency control is carried out by the SCADA system which distributes active power set-points to each
individual wind turbine, to the controllers. The wind turbine controller responds to the latest reference from the
SCADA system and will maintain this active power locally.
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20.9. Summary of Grid Connection Capabilities

Characteristic

Value

Comments

Rated Voltage

690V

+13% -15%

Q & P deratings due to V-f Simultaneities

Rated Power Factor

Under & Over excited

Maximum Voltage Range could apply
Rated Frequency 50/ 60 Hz
Maximum Frequency Range + 8% Q & P deratings due to V-f Simultaneities
could apply
09 Rated point reachable at Full Power, V = 0.95,

f=1+3%
Applicable to any AM and turbine variant

Minimum SCR at WTG MV Terminals

V-Direct: 2 2.0*
Q-Direct: = 3.0**

See note 1.

Dip

Minimum X/R at WTG MV Terminals 3.0
Max. Frequency gradient (ROCOF) <4 Hz/s
Allowable Max Negative Sequence o
<5%
Voltage
Voltage support after FRT recovery 3s Configurable by parameter
Power recovery to 95% of Pre- Fault Standard Configuration.
< 1000ms ' .
value Configurable by parameters adjustment.

Voltage support during FRT Available Configurable by parameter

Active current priority during Voltage Available Configurable by parameter

Active Power damping after Dip

+5% pre-fault level in
<2s

Can be affected if Power Recovery Ramps
after Voltage Dip is modified

lo Injection Curve during FRT

k=[2-6]

Configurable by parameters.

See note 2.

lo Response Time (FRT)

< 30ms

+20ms for 1 cycle RMS calculation

lg Settling Time (FRT)

<60ms

+20ms for 1 cycle RMS calculation

-10% +20% required step

Active Power Ramp

+ 6% Prated / s

Standard

Active Power Ramps - Fast Mode

+12,5% Prated/s
-25% Prated/s

When commanded by SCADA

Reactive Power Ramp

+5000 kVAr/s

Configurable by parameter

Note 1.

* SCR ratio can be reduced further if Active Power recovery ramps are limited to a certain value, that secures

stable operation, after voltage dip events.
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** SCR ratio can be reduced further if Reactive Power Management configuration is done correctly by means of

detailed grid studies, trying to avoid voltage saturation extremes in any case (over and under voltage saturation
levels).

Note 2.

In weak grids with low SCR value, the maximum configurable k value could be limited to <6 due to grid stability.
Specific grid studies shall be executed for determining the optimum and maximum values.
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21. Grid Performance Specifications — 60 Hz

This document describes the grid performance of the Siemens Gamesa 5.X, 60 Hz wind turbine. Siemens Gamesa
Renewable Energy (SGRE) will provide wind turbine technical data for the developer to use in the design of the
wind power plant and the evaluation of requirements compliance. The developer will be responsible for the
evaluation and ensuring that the requirements are met for the wind power plant.

The capabilities described in this document assume that the electrical network is designed to be compatible with
operation of the wind turbine. SGRE will provide a document with guidance to perform an assessment of the
network’s compatibility.

21.1. Fault Ride Through (FRT) Capability

The wind turbine is capable of operating when voltage transient events occur on the interconnecting transmission
system above and below the standard voltage lower limits and time slot according to Figure 1 and Figure 2.

This performance assumes that the installed amount of wind turbines is in the right proportion to the strength of the
grid, which means that the short circuit ratio (Sk/Sn) and the X/R ratio of the grid at the wind turbine transformer
terminals must be adequate.

Evaluation of the wind turbine’s fault ride through capability in a specific system must be based on simulation
studies using the specific network model and a dynamic wind turbine model provided by SGRE. This model is a
reduced order model, suitable for balanced simulations with time steps between 4-10 ms.

The standard voltage limits for the Siemens Gamesa 5.X, 60 Hz wind turbine are presented in Figure 1 between 0 -
70 seconds.

HVRT & LVRT Voltage Profile
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Figure 1. High and Low voltage limits for Siemens Gamesa 5.X, 60 Hz wind turbine in the range of 0-70 seconds.
The nominal voltage is 690 V (i.e. 1 p.u.).
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21.2. Power Factor

The wind turbine can operate in a power factor range of 0.9 leading to 0.9 lagging at the low voltage side of the
wind turbine transformer, considering a voltage level equal or higher of 0.95pu. Depending on the voltage behavior
(higher or lower, inside maximum permissible margins), the Reactive Power maximum capability is modified
accordingly.

The control mode for the wind turbine is with reactive power set-points or Local Voltage Control mode (external set-
points of voltage).

21.3. Supervisory Control and Data Acquisition (SCADA) Capability

The SGRE SCADA system has the capability to transmit and receive instructions from the transmission system
provider for system reliability purposes depending on the configuration of the SCADA system. The project specific
SCADA requirements must be specified in detail for design purposes.

21.4. Frequency Capability

The wind turbine can operate in the frequency range between 55.2 Hz and 64.8 Hz, making a difference between a
steady state operation (full simultaneity): 3%, and transients’ events (limited simultaneity): +8%, over rated
frequency.

Simultaneities of main operation parameters shall be considered for evaluating the permitted operation ranges,
mainly:

e Active Power level

e Reactive Power provision

e Ambient Temperature

e Voltage level of operation

e Frequency level of operation

And the total time that the turbine is operating under such conditions.

21.5. Voltage Capability

The voltage operation range for the wind turbine is between 85% and 113% of nominal voltage at the low voltage
side of the wind turbine transformer. The voltage can be up to 130% for 1s, see Figure 1. The wind turbine’s target
voltage shall stay between 95% and 105% to support the best possible performance by staying within the operation
limits.

Beyond +10% of voltage deviation, automatic voltage support algorithms could execute Reactive Power control, to
secure a continuous operation of the Wind Turbine Generator and maximizing the availability, overriding external
control and setpoints of Reactive Power.
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21.6. Flicker and Harmonics

Flicker and Harmonics values will be provided in the power quality measurement report extract in accordance with
IEC 61400-21 Edition 2.

21.7. Reactive Power — Voltage Control

The power plant controller can operate in four different modes:

e Q Control — In this mode reactive power is controlled at the point of interconnection, according to a reactive
power reference

e V Control — Voltage is directly controlled at the point of interconnection, according to a voltage reference

e V-Q static — Voltage is controlled at the point of interconnection, by means of a pre-defined voltage —
reactive power characteristic

e Power factor (cosphi) control — Power factor is controlled at the point of interconnection, according to a
power factor reference

The SCADA system receives feedback/measured values from the Point of Interconnection depending on the
control mode it is operating. The wind power plant controller then compares the measured values against the target
levels and calculates the reactive power reference. Finally, reactive power references are distributed to each
individual wind turbine. The wind turbine’s controller responds to the latest reference from the SCADA system and
will generate the required reactive power accordingly from the wind turbine.

21.8. Frequency Control

The frequency control is managed by the SCADA system together with the wind turbine controller. The wind power
plant frequency control is carried out by the SCADA system which distributes active power set-points to each
individual wind turbine, to the controllers. The wind turbine controller responds to the latest reference from the
SCADA system and will maintain this active power locally.
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22. Summary of Grid Connection Capabilities

Characteristic

Comments

Rated Voltage

690V

Q & P deratings due to V-f Simultaneities

Rated Power Factor

Under & Over excited

Maximum Voltage Range +13% -15%
could apply
Rated Frequency 50/ 60 Hz
Maximum Freguency Range + 8% Q & P deratings due to V-f Simultaneities
could apply
0.9 Rated point reachable at Full Power, V = 0.95,

f=+3%
Applicable to any AM and turbine variant

Minimum SCR at WTG MV Terminals

V-Direct: 2 2.0*
Q-Direct: = 3.0**

See note 1.

Dip

Minimum X/R at WTG MV Terminals 3.0
Max. Frequency gradient (ROCOF) <4 Hz/s
Allowable Max Negative Sequence o
<5%
Voltage
Voltage support after FRT recovery 3s Configurable by parameter
Power recovery to 95% of Pre- Fault Standard Configuration.
<1000ms ' .
value Configurable by parameters adjustment.

Voltage support during FRT Available Configurable by parameter

Active current priority during Voltage Available Configurable by parameter

Active Power damping after Dip

+5% pre-fault level in
<2s

Can be affected if Power Recovery Ramps
after Voltage Dip is modified

lo Injection Curve during FRT

k=[2-6]

Configurable by parameters.

See note 2.

lo Response Time (FRT)

< 30ms

+20ms for 1 cycle RMS calculation

Iq Settling Time (FRT)

<60ms

+20ms for 1 cycle RMS calculation

-10% +20% required step

Active Power Ramp

+ 6% Prated / s

Standard

Active Power Ramps - Fast Mode

+12,5% Prated/s
-25% Prated/s

When commanded by SCADA

Reactive Power Ramp

+5000 kVAr/s

Configurable by parameter

Note 1.

* SCR ratio can be reduced further if Active Power recovery ramps are limited to a certain value, that secures
stable operation, after voltage dip events.
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** SCR ratio can be reduced further if Reactive Power Management configuration is done correctly by means of

detailed grid studies, trying to avoid voltage saturation extremes in any case (over and under voltage saturation
levels).

Note 2.

In weak grids with low SCR value, the maximum configurable k value could be limited to <6 due to grid stability.
Specific grid studies shall be executed for determining the optimum and maximum values.
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23. Reactive Power Capalbility - 50 & 60 Hz

This document describes the reactive power capability of Siemens Gamesa 5X, 50/60 Hz wind turbines during active
power production. Siemens Gamesa 5.Xwind turbines are equipped with a B2B Partial load frequency converter
which allows the wind turbine to operate in a wide power factor range.

The maximum amount of Reactive Power to be generated or consumed depends on a wide range of parameters,
some of them not possible to consider in a general way as they are fully dependent on the site, grid and Wind Turbine
operation conditions.

Between others, the Reactive Power Capability at a given Operating Conditions depends on existing Active Power,
internal temperature of Wind Turbine components, external ambient temperature, Grid conditions (voltage level,
frequency level, etc.) and impact, thermally, in high inertial systems. So, the required operation time in worse
conditions is also a parameter to be considered.

Online maximum capabilities estimation is executed by the Reactive Power Controller algorithm, to provide the
possibility of maximizing the Capabilities in favorable grid and site conditions.

23.1. Reactive Power Capability. Generalities.

The estimated reactive power capability for the wind turbine at the LV side of the wind turbine transformer will be
presented in the following Figures and Tables.

Figure 3 shows the reactive power capability depending on the generated Active Power at various voltages at the
LV terminals, starting by 91% of rated voltage (PQV curves).

Figure 4 shows the reactive power capability depending on the voltage level (QV curve) at full power operation.
Figure 3 includes reactive power capability at no wind operating conditions.

The SCADA can send voltage references to the wind turbine in the range of 92% to 108% (references of 90% to
110% in specific cases). The wind power plant is recommended to be designed to maintain the wind turbine voltage
references between 95% and 105% during steady state operation.

The included capability assume that the phase voltages are balanced (unbalance value below the maximum
guaranteed, < 5%) and that the grid operational frequency is nominal.

Given the uncertainties in determining the overall Wind Turbine operation state variables tolerances, the given
Reactive Power Capability is subjected to a tolerance up to + 10%.

These figures consider Wind Turbine operation around its expected generator speed for each operation condition (P-
n operation curve). Extreme speed excursions caused by specific Wind gusts, up and down from standard value,
may cause punctual Reactive Power restrictions due to Generator and Converter limits of voltage and currents. All
this is also fully dependent on the Grid conditions of voltage level and external setpoint.

Values of Reactive Power for those operational points in between the shown curves can be calculated by means of
linear interpolation.

The reactive power capability presented in this document is the net capability and accounts for the contribution from
the wind turbine auxiliary system, the reactors and the existing filters.

The reactive power capability described is valid while operating the wind turbine within the limits specified in the
Design Climatic Conditions.
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23.2. Operation below 90% of rated voltage

Standard operation at voltages in between 85% to 90% over rated is considered a special situation where both
Reactive Power and Active Power may be de-rated depending on operation conditions of the Wind Turbine
Generator.

Usually, depending on specific local regulations, Under Voltage Ride Through (UVRT) support happens in voltage
values below 90% of rated voltage, so this operation case is not compatible as during UVRT support, Reactive Power
is internally controlled depending on demands from applicable Grid Codes of Operation. This is also applicable during
OVRT transients.

Specific studies should be executed in order to determine the operation and the possible values to be reached in
such special operation cases, where and when required.

23.3. Reactive Power / Voltage limiting function

When Wind Turbine operation is close to voltage limits (under-voltage and over-voltage grid protection configured
values), a specific Reactive Power / Voltage limiting function acts causing a so-called Voltage Saturation. The
intention of this algorithm is to avoid a self-trip due to activation of over or under-voltage protections caused by
Reactive Power operation of the turbine.

In the maximum configurable values of the voltage protection parameters (permanent operation, 85% and 113%):

e In case of under-voltage, the negative Reactive Power (Inductive, under-excited) is linearly limited from
No_Limit to O, in the voltage range 90% to 85%.

» The voltage used for evaluating and executing this Saturation is the minimum of the 3 phase
voltages.

e In case of over-voltage, the positive Reactive Power (Capacitive, over-excited) is linearly limited from
No_Limit to O, in the voltage range 112% to 113%.

» The voltage used for evaluating and executing this Saturation is the maximum of the 3 phase
voltages.

All these levels are possible to be set by parameters, depending on necessities, local requirements and as results of
stability studies.

Reactive Power capabilities and curves shown in this document are generated having configured the next saturation
values (values by default). This can be observed in figure 2. QV diagram.

e Under-Voltage saturation: 91% to 90% of rated voltage.
e Over-Voltage saturation: 112% to 113% of rated voltage.
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Siemens Gamesa 5G 5X (All AM Modes)
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Figure 3: Siemens Gamesa 5.X Reactive power capability curves (PQV), 50/60 Hz Wind Turbine, at LV terminals.

Note: Voltage Saturation set to 91% and 112% (refer to Reactive Power / Voltage limiting function section)

External
Application Rating Nacelle
mode (AM) Temperature

Kw °C
AM 0 6600 20
AM-1 6500 23
AM-2 6400 25
AM-3 6300 28
AM-4 6200 30
AM-5 6100 33
AM-6 6000 35

Table 5: Application modes definition.
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Siemens Gamesa 5X (All AM Modes)
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Figure 4. Siemens Gamesa 5.X-> Reactive power capability curves (QV), 50/60 Hz Wind Turbine, at LV terminals,
at Full Power operation.

Note: Voltage Saturation set to 91% and 112% (refer to Reactive Power / Voltage limiting function section)

Base Value = Voltage (pu)
AM Rated Power 0,9 0,91 0,95 1 1,05 1,1 1,12 1,13

0,015* | 0,985 | 0,997 1,038 0,933 0,803 0,586 0,433 0
0,10 0,985 | 0,997 1,038 0,933 0,803 0,586 0,433 0
0,20 0,957 | 0,969 1,018 1,077 1,124 1,112 0,860 0
g 0,30 0,982 | 0,995 1,047 1,098 1,157 1,140 0,877 0
5 0,40 0,962 | 0,975 1,029 1,095 1,160 1,139 0,873 0
§ 0,50 0,955 | 0,968 1,018 1,073 1,121 1,085 0,834 0
© 0,60 0,914 | 0,929 0,990 1,063 1,112 1,076 0,823 0
g 0,70 0,861 | 0,877 0,942 1,019 1,065 1,026 0,781 0
0,80 0,770 | 0,789 0,862 0,949 1,001 0,962 0,742 0
0,90 0,629 | 0,652 0,741 0,842 0,923 0,888 0,682 0
1,00 0,373 | 0,419 0,559 0,693 0,803 0,791 0,611 0

Table 6: Siemens Gamesa 5.XReactive power capability values (pu), 50/60 Hz Wind Turbine, at LV terminals.
Capacitive / Over-excited operation.
Note: Voltage Saturation set to 91% and 112% (refer to Reactive Power / Voltage limiting function section)

* Case of Wind turbine operating with very low wind, but with generator connected to the grid.
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Base Value = Voltage (pu)
AM Rated Power 0,9 0,91 0,95 1 1,05 1,1 1,12 1,13

0,015* 0 -0,963 | -1,048 | -1,105 | -1,162 | -1,220 | -1,242 | -1,253

0,10 0 -0,963 | -1,048 | -1,105 | -1,162 | -1,220 | -1,242 | -1,253

0,20 0 -0,941 | -1,024 | -1,085 | -1,144 | -1,204 | -1,228 | -1,241

E 0,30 0 -0,962 | -1,050 | -1,114 | -1,178 | -1,241 | -1,266 | -1,279
5 0,40 0 -0,937 | -1,027 | -1,093 | -1,159 | -1,224 | -1,250 | -1,263
§ 0,50 0 -0,930 | -1,022 | -1,092 | -1,161 | -1,230 | -1,257 | -1,271
o 0,60 0 -0,890 | -0,980 | -1,054 | -1,126 | -1,197 | -1,225 | -1,239
g 0,70 0 -0,839 | -0929 | -1,008 | -1,085 | -1,160 | -1,189 | -1,204
0,80 0 -0,756 | -0,847 | -0,934 | -1,017 | -1,097 | -1,129 | -1,144

0,90 0 -0,629 | -0,727 | -0,828 | -0,921 | -1,009 | -1,044 | -1,061

1,00 0 -0,403 | -0,546 | -0,679 | -0,793 | -0,895 | -0,934 | -0,953

Table 7: Siemens Gamesa 5.X-> Reactive power capability values (pu), 50/60 Hz Wind Turbine, at LV terminals.

Inductive / Under-excited operation.
Note: Voltage Saturation set to 91% and 112% (refer to Reactive Power / Voltage limiting function section)

* Case of Wind turbine operating with very low wind, but with generator connected to the grid.
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Siemens Gamesa 5.X —QV@no Wind 50Hz

QV chart at No Wind operating conditions
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Figure 5. Reactive Power Capability chart (pu) at no wind conditions, at LV terminals, 50/60Hz.

Case of Wind turbine not in operation, with generator stopped or below the connection speed.

Siemens Gamesa 5.X50Hz Siemens Gamesa 5.X60Hz
Base Value = AM Rated Power Base Value = AM Rated Power

Voltage Q+ Q- Voltage Q+ Q-
(pu) (pu) (pu) (pu) (pu) (pu)
0,90 0,173 0,00 0,90 0,173 0,000
0,91 0,174 -0,146 0,91 0,174 -0,146
0,95 0,182 -0,181 0,95 0,182 -0,181
1,00 0,192 -0,190 1,00 0,174 -0,190
1,05 0,201 -0,200 1,05 0,167 -0,200
1,10 0,107 -0,209 1,10 0,091 -0,209
1,12 0,074 -0,213 1,12 0,061 -0,213
1,13 0,000 -0,215 1,13 0,000 -0,215

Table 8: Reactive Power Capability values (pu) at no wind conditions, at LV terminals, 50/60Hz.

Case of Wind turbine not in operation, with generator stopped or below the connection speed.
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24. SCADA System Description

The SGRE SCADA system is a system for supervision, data acquisition, control, and reporting for wind farm
performance.

24.1. Main features
The SCADA system has the following main features:

- On-line supervision and control accessible via secured tunnel over the Internet.

- Data acquisition and storage of data in a historical database.

- Local storage of data at wind turbines if communication is interrupted and transferred to historical database
when possible.

- System access from anywhere using a standard web browser. No special client software or licenses are
required.

- Users are assigned individual usernames and passwords, and the administrator can assign a user level to
each username for added security.

- Email function can be configured for fast alarm response for both turbine and substation alarms.
Configuration can also support alarm notification via SMS service.

- Interface to power plant control functions for enhanced control of the wind farm and for remote regulation,
e.g. MW / Voltage / Frequency / Ramp rate.

- Interface for integration of substation equipment for monitoring and control.

- Interface for monitoring of Reactive compensation equipment, control of this equipment is achieved via the
SGRE power plant controller

- Integrated support for environmental control such as noise, shadow/flicker, bat/wildlife and ice.

- Capabilities for monitoring hybrid power plant equipment such as Battery Energy Storage Systems (BESS)
and Photo Voltaic (PV) systems. Control of such equipment is achieved via the SGRE power plant
controller.

- Power curve plots and efficiency calculations with pressure and temperature correction (pressure and
temperature correction available only if SGRE MET system supplied).

- Condition monitoring integrated with the turbine controller using designated server.

- Ethernet-based system with secure compatible interfaces (OPC UA / IEC 60870-5-104) for online data
access.

- Legacy protocols like OPC-(XML)-DA or Modbus TCP can be supported on request

- Access to historical - scientific and optional high resolution data via Restfull API.

- Virus Protection Solution.

- Back-up & restore.

24.2. Wind turbine hardware

Components within the wind turbine are monitored and controlled by the individual local wind turbine controller
(SICS). The SICS can operate the turbine independently of the SCADA system, and turbine operation can continue
autonomously in case of, e.g. damage to communication cables.

Data recorded at the turbine is stored at the SICS. In the event that communication to the central server is
temporarily interrupted data is kept in the SICS and transferred to the SCADA server when possible.

24.3. Communication network in wind farm

The communication network in the wind farm must be established with optical fibers. The optimum network design is
typically a function of the wind farm layout. Once the layout is selected, SGRE will define the minimum requirements
for the network design.

The supply, installation, and termination of the communication network are typically carried out by the Employer. If
specifically agreed the division of responsibility for the communication network can be changed.
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24.4. SCADA server panel

The central SCADA server panel supplied by SGRE is normally placed at the wind farm substation or
control building. The server panel comprises amongst others:
- The server is configured with standard disk redundancy (RAID) to ensure continuous operation in case of

disk failure. Network equipment. This includes all necessary switches and media converters.
- UPS back up to ensure safe shut down of servers in case of power outage.
For large sites or as option a virtualized SCADA solution can be supplied.

On the SCADA server the data is presented online as a web-service and simultaneously stored in an
SQL database. From this SQL database numerous reports can be generated.

Employer “client” connection to the SCADA system establishing via the internet through a point to point TCP/IP
VPN-connection.

24.5. Grid measuring station and Wind Farm Controller

The SCADA system includes a grid measuring station located in one / more module panels or in the SCADA server
panel. Normally the grid measuring station is placed at the wind farm substation or control building.

The heart of the grid measuring station is a PQ meter. The Wind Farm Control /grid measuring station can be
scaled to almost any arrangement of the grid connection. The grid measuring station requires voltage and current
signals from VT’s and CT’s fitted at the wind farm PCC to enable the control functions.

The grid measuring station and the Wind Farm Control interfaces to the SGRE SCADA servers and turbines are via
a LAN network.

The Wind Farm Control can on request be supplied in a high availability (HA) setup with a redundant server cluster
configuration.

Note: In small SGRE SCADA systems (typically <10 turbines) and if the small SGRE SCADA system is placed in a
turbine the Wind Farm Control and grid measuring station may be arranged otherwise.

24.6. Signal exchange

Online signal exchange and communications with third party systems such as substation control systems, remote
control systems, and/or maintenance systems is possible from both the module and/or the SGRE SCADA server
panel. For communication with third party equipment OPC UA and IEC 60870-5-104 are supported. Legacy
protocols like OPC-(XML)-DA or Modbus TCP can be supported on request

24.7. SGRE SCADA software

The normal SGRE SCADA user interface presents online and historical data. The screen displays can be adjusted
to meet individual customer requirements.

Historical data are stored in an MS SQL database as statistical values and can be presented directly on the screen
or exported for processing in MS Access or via a RESTfull API.

The SGRE SCADA software can also serve as user interface to the Wind Farm Control functions.

24.8. Virus protection solution

A virus protection solution can be offered as a part of the Service Agreement (SA). An anti-virus client software will
in that case be installed on all MS-Windows based components at the SCADA system and the WTGs.

The virus protection solution is based on a third-party anti-virus product. Updates to the anti-virus client software
and pattern files are automatically distributed from central SGRE based servers.
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24.9. Back-up & restore

For recovery of a defect SCADA system or component, the SGRE SCADA system provides back-up of
configuration files and basic production data files. Both configuration and selected production data are backed up
automatically on a regular time basis for major components. The back-up files are stored both locally on the site
servers and remotely on SGRE back-up storage servers.
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25. Codes and Standards

This document lists codes and standards according to which turbines are designed, manufactured and tested. The
scope of this document is limited to the Siemens Gamesa 5.X platform.

SGRE Onshore geared turbines are designed, manufactured, and tested to SGRE’s technical drawings, procedures,
and processes that are generally in compliance with the applicable sections of the codes and standards listed herein.
This list of codes and standards for design, manufacturing, and testing forms a part of the design basis
documentation. The edition of the codes and standards is the version used for the certification process which is
conducted by an external certifying body.

25.1.

GENERAL

IEC-RE Operational Document: OD-501, Type and Component Certification Scheme*

IEC 61400-5:2020 Wind energy generation systems - Part 5: Wind turbine blades

IEC 61400-6:2020 Wind energy generation systems - Part 6: Tower and foundation design requirements
IEC 61400-1:2019 Ed.4 Wind turbines —. Part 1. Design requirements

IEC 61400-11:2012/AMD1:2018 Amendment 1 - Wind turbines - Part 11: Acoustic noise measurement
techniques

IEC 61400-12-1:2017, Ed.1, Wind Turbine Generator Systems Part 12-1: Power performance measurements
of electricity producing wind turbines

IEC 61400-13: 2015 Wind Turbine Generator Systems - Part 13: Measurement of Mechanical Loads

IEC 61400-23 Ed. 1.0 EN :2014 Wind turbines - Part 23: Full-scale structural testing of rotor blades

EN 10025-1:2004, Hot rolled products of structural steels - Part 1: General technical delivery conditions

EN 10025-2:2004, Hot rolled products of structural steels - Part 2: Technical delivery conditions for non-alloy
structural steels

EN 10025-3:2004, Hot rolled products of structural steels - Part 3: Technical delivery conditions for
normalized/normalized rolled weldable fine grain structural steels

EN 10029:2010, Hot rolled steel plates 3 mm thick or above - Tolerances on dimensions, shape and mass
ISO 683-1:2018 Heat-treatable steels, alloy steels and free-cutting steels. Non-alloy steels for quenching
and tempering

EN 1563:2018, Founding - Spheroidal graphite cast irons

EN 1993-1-8:2005/AC:2009: Eurocode 3: Design of steel structures Part 1-8: Joints

EN 1999-1-1-2008 Design of aluminum structures — part 1-1: General structural rules

ISO 16281:2008 Rolling bearings - Methods for calculating the modified reference rating life for universally
loaded bearings

ISO 16281:2008 / Cor. 1:2009 Rolling bearings - Methods for calculating the modified reference rating life
for universally loaded bearings

ISO 281:2007 Rolling bearings - Dynamic load ratings and rating

ISO 76:2006/Amd 1:2017 Rolling bearings — Static load ratings AMENDMENT 1

ISO 898-1:2013, Mechanical properties of fasteners made of carbon steel and alloy steel -- Part 1: Bolts,
screws and studs with specified property classes -- Coarse thread and fine pitch thread

VDI 2230 Blatt 1, 2016, Systematic calculation of highly stressed bolted joints - Joints with one cylindrical
bolt

ISO 4413:2010 Hydraulic fluid power -- General rules and safety requirements for systems and their
components

DIN 51524-3:2017 Pressure fluids - Hydraulic oils - Part 3: HVLP hydraulic oils, Minimum requirements

ISO 16889:2008 + A1:2018 Hydraulic fluid power -- Filters -- Multi-pass method for evaluating filtration
performance of a filter element

UNE-EN 14359:2008+A1:2011: Gas-loaded accumulators for fluid power applications.

PED 2014/68/EU Pressure Equipment Directive
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e DNV-DS-J102:2010 Design and Manufacture of Wind Turbine Blades, Offshore and Onshore Wind Turbines

o DIBt - Richtlinie fir Windenergieanlagen - Oktober 2012, korrigierte Fassung Méarz 2015
o DIBt - Richtlinie fur Windenergieanlagen:2012, Einwirkungen und Standsicherheitsnachweise fir Turm und
Grindung.

25.2. GEARBOX
e |EC 61400-4:2012 Wind turbines -- Part 4: Design requirements for wind turbine gearboxes

25.3. ELECTRICAL

e |EC 61400-21-1:2019 Wind energy generation systems - Part 21-1: Measurement and assessment of
electrical characteristics - Wind turbines

IEC 61400-24:2019 Wind energy generation systems - Part 24: Lightning protection

IEC 60076-16:2018 — Power transformers - Part 16: Transformers for wind turbine applications
e |EC 60204-1:2016 Safety of machinery - Electrical equipment of machines - Part 1: General requirements

e |EC 61000-6-2:2016 Electromagnetic compatibility (EMC) — Part 6-2: Generic standards — Immunity standard
for industrial environments

e |EC 61000-6-4:2018 Electromagnetic compatibility (EMC) — Part 6-4: Generic standards — Emission standard
for industrial environments

e |EC 61439-1:2020 Low-voltage switchgear and controlgear assemblies — Part 1: General rules

e |EC 61439-2:2020 Low-voltage switchgear and controlgear assemblies — Part 2: Power switchgear and
controlgear assemblies
Low Voltage Directive 2014/35/EU
EMC Directive 2014/30/EU

25.4. QUALITY
e |SO 9001:2015 Quality management systems — Requirements

25.5. PERSONAL SAFETY

e 2006/42/EC Machinery Directive
e EN 50308:2004, Wind turbines — Protective measures — Requirements for design, operation and maintenance.
e OSHA 2005 Requirements for clearances at doorways, hatches, and caged.
o OSHA's Subpart D Walking-Working Surfaces Section 1910.27v
e 1S012100:2011 Safety of machinery — General principles for design — Risk assessment and risk reduction
e |SO 13849-1:2015 — Safety of machinery — Safety-related parts of control systems — Part 1: General principles
for design
e IS0 13849-2:2013 - Safety of machinery — Safety-related parts of control systems — Part 2: Validation

25.6. CORROSION

e 1S0O 12944-1:2017, Paints and varnishes - Corrosion protection of steel structures by protective paint systems
— Part 1: General introduction (class C3 to C4)
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26. Ice Detection System and Operations with Ice

Siemens Gamesa Renewable Energy’s (SGRE) Ice detection and Operation with Ice system offers functionality
that extends the range of operation during ice conditions. The main configurable options determine if maximum
production or maximum safety is required.

The following options for ice detection sources can be used:

e Low power detection curve (LPDC)
e No cut-in detection
e Optional extra: External sensor detection, nacelle- or blade-based.

Once ice has been detected through any of the selected sources the following ice detection response is handled by
the Operation with Ice strategy where the following options are available:

e Stop the turbine, either awaiting automatic reset or manual reset
e Stop the turbine, combined with yawing to a specific angle
e Adaptive Operation, continued operation optimizing the power

Figure 1 shows a visualization of the available options and how they are connected.

Ice Detection Sources Ice Monitoring Selector Operation With Ice Strategy

Manual reset

Low Power Detection Curve DS
l Stop Turbine Yaw To Angle

No Cut In Detection l
External Sensor

Adaptive
Operation

Figure 1: Ice Detection and Operation with Ice Strategy interface for individual turbines

Adaptive Operation used as the Operation With Ice strategy requires the Low Power Detection
Curve and No Cut In Detection to be used, it is therefore not compatible with the external sensor.

Ice build-up on the turbine can possibly cause damage to objects and people in the vicinity. The ice detection and
Operation with Ice system will not protect against ice being thrown from the turbine(s). What the system does is
either optimize performance and yield maximum production despite ice on the turbine or stop the turbine to prevent
operating with ice. There may be ice on blades upon start and/or stop of the turbine. It is the sole responsibility of
the owner of the turbine to ensure that the public is protected from ice being thrown from the turbine. The Owner
must always ensure that the operation of the turbine complies with all restrictions applicable to the turbine,
irrespective of whether such restrictions follows from permits, legislation or otherwise. SGRE accepts no
responsibility for any violation of requirements.
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26.1. Ice Detection Sources

26.1.1. Low Power Detection Curve (LPDC)

The LPDC functionality is an integrated part of the turbine controller, thus not requiring additional sensors.
LPDC is a requirement to be active when the Operation with Ice Strategy: Adaptive is selected.

LPDC detects ice when power production degrades due to ice build-up on the blades during operation when the
turbine produces power in cold weather by comparing the actual power production to the sales power curve shown
in Figure 2 when the ambient temperature is below 5° C (configurable). LPDC is based on a percentage of the
sales power curve with a minimum separation to the sales power curve.

If production falls below the “LPDC Ice Detection” (Blue) curve shown in Figure 2, the selected Operation with Ice
strategy is activated.

If Operation with Ice Strategy: Adaptive Operation is selected and the production increases above the “LPDC Ice
Detection” curve, Adaptive Operation is deactivated.

Low Power Detection Curve

10 min Active Power [kW]

Sales Power Curve
———LPDC Ice Detection
| | I |

10 min Wind speed [m/s]

Figure 2: lllustration of Low Power Detection Curve (LPDC)

26.2. No Cut-in

The No Cut-in functionality is an integrated part of the turbine controller, thus not requiring additional sensors. No
Cut-in is a requirement to be active when Operation with Ice Strategy: Adaptive Operation is configured.

No Cut-in is an ice detection method that indicates when there is enough wind for the wind turbine to produce power,
but the turbine is unable to cut-in, connect to the grid, and produce power for a period of time due to severe ice build-
up in cold weather.

If Operation with Ice Strategy: Adaptive Operation is selected as the ice detection response strategy, the turbine
will cut-in and connect to the grid at an adapted power production level given the conditions. See further below in
chapter “Operation with Ice Strategy: Adaptive Operation”.
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26.3. External Sensor Options

The external ice detector sensor functionality is an optional extra system that can be used to create a response
directly from the sensor on the turbine. Most often the sensor reports data to SCADA which controls the turbines at
the site with respect to stopping them. It is intended for installation on wind turbines located in areas where there is
a risk that ice can build up on either the turbine nacelle or blades and there are personal safety or legislation
concerns that required the turbine to be stopped instantly when ice is detected. Compared to the LPDC and No
Cut-in ice detection source options are designed to detect when performance is impacted where ice may already
exist on the turbine.

The external sensor is only compatible with Operation with Ice Strategy:

e Stop the turbine
e Stop the turbine, yawing to a specific angle

The external sensor communicates with the Supervisory Control and Data Acquisition (SCADA) system. Typically,
only a few external sensors are installed on a given site, and SCADA can be configured to stop the entire site or
clusters or individual turbines if deemed necessary.

There are two separate types of use for the external sensor:

o External sensor is selected as the turbines ice detection source (Figure 1) for individual turbines, which allows
the individual turbine itself to react to the sensor. Additionally, SCADA can still react to the signal and stop
turbine(s) at the site.

e External sensor is not selected as the turbines ice detection source (Figure 1), so the individual turbine itself
will not react to the external sensor, but SCADA can still react to the signal and stop turbine(s) at the site.

26.4. External Sensor Types

26.4.1. Nacelle Based Ice Detection Sensor (Optional)

The nacelle ice detection sensor is an optional system intended for installation on wind turbines located in areas
where ice can build up on the turbine. The purpose of the ice detector system is to provide the turbine controller
information about potential risk for ice on the turbine. The ice detection system can detect in-cloud icing as well as
freezing rain. Depending on requirements when ice is detected an ice alarm can initiate a turbine stop.

The system can come with a valid certification from accredited institutes.

26.4.2. Blade-Based Ice Detection Sensor (Optional)

An additional option is to install a blade-based ice detection system. Such system includes a set of sensors
(accelerometers) on each blade, plus a central monitoring unit. The ice detection is performed by analysis of blade
eigenfrequencies with respect to ice accumulation. Therefore, the system needs a calibration prior to enter service
(varying, and up to 3 months depending on the conditions and WTG configuration).

Ice detection is possible at standstill and during operation. No minimum rotation per minute (rpm) is required, however
a minimum wind speed of 2 m/s is required to ensure sufficient excitation of blade.

The system can also come with a valid certification from accredited institutes.

26.5. Options and logging in SCADA
Possible options in SCADA to configure the usage of the external sensor on site level (independent of the
individual turbine interface):

e Set predefined ice conditions using ice parameters
e Enable or disable automatic stop of individual turbines
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e Enable or disable automatic restart of individual turbines
e Group turbines for auto stop and auto restart. SGRE recommends using SCADA to group ice sensor installed
turbines along with turbines on which ice sensors are not installed.

Ice parameters are set in the SCADA interface. Depending on requirements, ice parameters can be modified to
configure new ice conditions through the SCADA interface. Below is a list of the parameters:

e Ice Restart Delay: Turbines that are stopped due to ice are restarted only if ice is not reported from the
sensor during the “Ice Stop Delay” in seconds configured by the user.

e Ice Stop Delay: Turbines are stopped due to ice only if ice is detected on turbine(s) for more than the ice
stop delay in seconds configured by the user.

e Ambient Temperature Duration: Duration in seconds for how long the ambient temperature for ice
detection should be exceeded to restart the turbines which are stopped due to ice.
- E.g. above 5°C for 600 seconds

e Ambient Temperature Threshold: This parameter defines the temperature which must be exceeded to
restart turbines stopped due to ice detection.
- E.g. above 5°C for 600 seconds

e Ice Control Start Time and Ice Control End Time: Configured turbines will be stopped due to ice detection
when the actual time is between Ice Control Start Time and Ice Control End Time. When the current time
falls outside the range specified in Ice Control Start Time and Ice Control End Time, the turbines are
restarted.

The alarms are presented in the ‘Alarm log’ of the Web WPS SCADA interface.

History, Alarm Log,
Secondary
Max Records From Date To Date Group Station Faults
[150 [2102-2012 | | [Turbine v [ am v fo
Alarms: Display
Active Only Events Filtername Include Alarms from Service
r r [ SaveFiter | |DeleteFilter | [~
Alarms Selected
{Filter :Brake) ~ ﬂ
{Filter :Converter Alarms)
{Filter :Environment) ﬂ
(Filter :Gear) v e Load data I Import
™~ Include
™~ Exclude
| FromTime [ ToTime | Duration | Group | Station | Code | Deseription | Parameter | User | Comment |
Turbine T0D5 8210 Stopped, due to idng
23-02-2012 - 08:54:04 28-02-2012 - 09:20:00 00:25:56 Turbine TO1 8215 Ice has been detected Add

Figure 3 - Presentation of alarms related to the ice detection system in Web WPS SCADA

26.6. Operation with Ice Strategy

26.6.1. Operation with Ice Strategy: Stop Turbine

Stopping the turbine is often used in scenarios where it is not safe to keep running the turbine during icing conditions,
e.g. where potential wildlife, people or equipment can be damaged/hurt. Only if using the external sensor can this
approach be seen as safe, as the external sensors are often mounted on the nacelle and will detect when ice is
forming and not based on production as the “Low Power Curve Detection” and “No Cut In” features do.

Operation with Ice Strategy: Stop Turbine makes sure the turbine is stopped when ice is detected. Additional option
is possible in combination with the stop: Yaw to Angle.
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Regardless of how Operation with Ice Strategy: Stop Turbine is configured, it is possible to determine if the turbine
should auto reset or manually reset. The following options exist for auto reset:

e A stopped turbine with an ice detection alarm is reset after X hours

e A stopped turbine with an ice detection alarm requires manual reset

e A stopped turbine with an ice detection alarm that is yawed to a specific angle due to safety constraints is
reset after X hours

e A stopped turbine with an ice detection alarm that is yawed to a specific angle due to safety constraints
requires manual reset

26.6.2. Operation with Ice Strategy: Adaptive Operation

Operation with Ice Strategy: Adaptive Operation provides customers with a way to optimize the wind turbine so that
it continues operation when ice builds up on the blades and ice detection is triggered, thereby limiting shutdown
events. By allowing continued operation, ice accumulates more slowly on the blades compared to if it were at a
standstill. Therefore, the yield of production with ice buildup will increase due to adaptation/optimization to icing
conditions through pitch angle and speed-power modification.

Operation with Ice Strategy: Adaptive Operation offers a limited power production under managed loads and thereby
reduces the turbines’ shutdown events. Operation with Ice Strategy: Adaptive Operation is a wind turbine controller
software functionality for optimizing performance, allowing the turbine to maintain operation in ice conditions.

When ice is detected via the LPDC or No Cut-in ice detection sources, Operation with Ice Strategy: Adaptive
Operation finds the optimal operational setup in order to maximize production by first modifying the speed power
curve (as shown in Figure 4). Operation with Ice Strategy: Adaptive Operation increases the rotor speed to avoid the
blades stalling and the turbine from cutting out. The speed will not exceed nominal speed.

Operation With Ice: Speed Power Curve change
——Default SpdPwrCrv
OWI SpdPwrCrv

Active Power [kW]

o

W
sec® ‘

s

~ Rotor Speed [RPM]

Figure 4: lllustration of OWI Speed-Power curve modification

Use of the Operation with Ice Strategy: Adaptive Operation functionality may under certain conditions increase the
noise emissions from the turbine, and the noise emissions may exceed the levels indicated in the turbine supply
agreement. Any noise levels indicated or warranted in the turbine supply agreement shall not be applicable in the
event of operation of the turbine with the Operation with Ice Strategy: Adaptive Operation functionality activated.

It is the sole responsibility of the owner of the turbine to ensure that the turbine operating with Operation with Ice
Strategy: Adaptive Operation functionality activated complies with any noise restriction applicable, irrespective of
whether such limits follow from permits, legislation or otherwise. Siemens Gamesa accepts no responsibility for any
violation of such limits.
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1. Aim and scope

The aim of this specification is to describe the minimum geometrical requirements of the roads and platforms required
for a safe component transportation and assembly of the wind turbines. Additionally, it includes the minimum
deliverables that will be needed from SGRE to start with the transportation and erection works. The scope includes

all W.F. with the following WTG models and erection strategies:

No. of tubular steel
Tower . Power Blade
section

T100 4 6.2
T101.5 6 6.2
T115 5 6.2
T135 6 6.2 SG170
T145 8 6.2
T155 8 6.2
T165MB 2 6.2

Table 1 WTG models

Tower STG3 (SGRES;gidard)
v v
T101.5 v v
T115 v v
v v
T145 v v
v v
T165MB v v

Table 2 SGRE strategies
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Strategy Nacelle DT ‘ Hub ‘ Blade
Modular DT/Hub Blade To Blade (SBI)

Strategy 3

Strategy 4

Table 3 components of each strategy

Note:

This specification sets a guide to be followed for the design and construction of a wind farm civil engineering project.
The project undertaken in accordance with this specification must be reviewed and approved by SGRE prior to
execution. However, the civil designer is solely responsible for making sure that the design complies with this

specification, the contract requirements and local norms and standards.
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2. Definitions and acronyms

Acronyms \ Definition

SGRE Siemens Gamesa Renewable Energy

Capable of lifting any component to the highest point of the wind

Main crane .
turbine.

Pre-installation crane Used for installing elements at the lower part of the tower.

Supports the main and pre-installation crane for mounting and

Tailing crane .
unloading components.
) Telescopic mobile crane
Mobile crane - :
Lattice boom mobile crane
NTC Narrow-Track Crawler Crane
WTC Wide-Track Crawler Crane

The work area for wind turbine assembly is parallel and close to the

Intermediate hardstand internal roads of the wind farm.

End-of-road hardstand Work area for wind turbine assembly at the end of internal wind

farm roads.
Wind farm access These roads do not pass by asphalt roads and they are used to
roads transport components and disassembled cranes.
Wind farm internal Roads that pass between wind turbines for the transportation of
roads components and with the capacity for transporting cranes.
SP Standard Proctor
MP Modified Proctor
WTG Wind Turbine Generator

Table 4 Acronyms and definitions

D2165151/007 — Restricted
© Siemens Gamesa Renewable Energy S.A., 2021. All rights reserved. 9/95



Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

3. Description

3.1. Roads

3.1.1. Reference legislation

The legislation of the corresponding country on the design of civil engineering must be applied. If there is no such

legislation, the legislation given as a reference in the annexes should be followed as a guide.

3.1.2. Design of the windfarm internal roads

In case there is no legislation for the road design the dimensioning of the road pavement should be based on the
AASHTO method for roads with a low volume of traffic (Part 2, Chapter 4). This methodology is based on an empirical
formula that relates the characteristics of the pavement layers with their performance, in order to determine whether

the road pavement section will be capable of bearing the traffic loads to which it will be applied.

The design of the road and the geotechnical report will be provided to Siemens Gamesa together with the quality
control of the roads during the handover of the civil works and before starting with the transportation and the erection

process.

3.1.3. Road composition and structure

Wind farm access roads must support a minimum load of 12t per axle corresponding to the transportation of wind

turbine elements and crane elements.

Internal wind farm roads must support a minimum load of:

e Without mounted crane movement:
o 1.4 kg per cm? in the case of crawler cranes (NTC and WTC).
o 22.5t per axle in the case of mobile cranes.

e With mounted crane movement:
o 2.45 kg per cmz in the case of crawler cranes (NTC and WTC).
o 22.5t per axle in the case of lattice boom mobile cranes.
o 24.5t per axle in the case of telescopic mobile cranes.

o 14.7t per axle in the case of pre-installation telescopic mobile cranes.

The dimensions of the roadbed must be in accordance with the number of WTGs at the wind farm, allowing for the

number of transport vehicles per WTG.

Tests must be carried out on the material used for the subgrade and for the roadbed, in order to control the
compaction of the different layers and ensure that the civil works are correctly executed. The quality control and the
requirements for the civil works design is defined according to the 5.3 Quality tests and requirements for civil

works plan projects.

With the trace material, once analyzed, suitable compaction means must be used to find a subgrade of enough

elasticity modulus value. The elasticity module will be measured from the compressibility module of the second cycle
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of the loading plate test as per DIN 18134 (or in its absence, NLT-357), the acceptance criteria will be indicated in

the road section design.

The dry density required after compaction for the different types of materials forming the roadbed is 98% of that

obtained in the PM test or above.

Fill material will be compacted in layers to a maximum thickness of 30 cm to ensure the effectiveness of the machinery

along the entire section.

Where expansive material (expansive clay, etc.) or loose soil conditions are indicated in the geotechnical report, the

use of geosynthetics is strongly recommended (at least with the soil reinforcement and separation functions).

The elasticity module of the finished roadbed must be measured based on the compressibility module of the second
cycle of the load plate test as per DIN 18134 (or in its absence, NLT-357), and the result must never be less than

Ev2=80 MPa (*). Likewise, the relation between the first and second load cycle must be less than 3.

(*) In countries where the load plate is not usually used, use the following relationship to obtain the acceptance criteria
for the roadbed built:

_n-(l—vz)_E

E
3

Uy

e E: elasticity module
e v: Poisson's ratio

e Ev2: second plate loading test cycle compressibility module

Additionally, remember that the dry density required after compaction for the different types of materials forming the

roadbed is 98% of that obtained in the MP test or above.
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3.1.4. Road width

The road width will vary for curves according to the following section 3.1.5. Curve widening — General.

Minimum road width ‘

As a minimum and usable 4.5m* + 2 x 0.50m

A. Wind farm access road transportation free of obstacles.

of components As a minimum and usable 5.5m + 2 x 0.5m

free of obstacles in case of reverse driving.

Pneumatic Crane
As a minimum and usable 4.5m + 2 x 0.75m

free of obstacles

WTC
e Usable 12 to 14m*

B. Internal wind farm road with crane

movement
e 4m + 3m parallel tread (making 12 to 14

m)

NTC

As a minimum and usable 7m

C. Access road to the wind farm

Transportation of components and o
) ) As a minimum and usable 5m + 2 x 0.8m free
Internal roads of the wind farm without
) ) of obstacles
crane movement. (Wind Farms in the

United States)

Note:
Usable m (meters) - Space capable of bearing the loads to which the road will be
submitted without the risk of caving-in, sliding or sinking. Furthermore, the last
50cm prior to the curbs on these roads (not included in the usable meters) are
not valid for withstanding weights, due to the danger of horizontal creep of the
ground. Thus, the carrier transporting the nacelle and heavy haulers in general
must never go beyond these limits under any circumstances whatsoever.
This table marks the minimum requirement for the road width as general.
They may vary considering the regions and specific conditions for each project.

*Width based on crane model

Table 5 Minimum road width in access and internal roads
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A. Wind farm access road Transportation of components

5.50m
Q.Sm 4.50m 9.5m
B. Internal wind farm road with crane movement
>0.75m >0.75m

5.50m

\ 0.5m 4.50m 0.5m /

13.00m

>0 75m
>0.75m
5.00m -0.15m 3.00m =0.75m 6.00m

4.00m =0.78m 2.00m 5m 0.5n

i 7.00m

C. Access road to the wind farm. Transportation of components and Internal wind farm
road without circulation of cranes (e.g wind farms in the United States)

>0.80m >0.80m
6.00m

0.5m 0.5m
5.00m

Figure 1 Minimum road width in access and internal roads
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For curves with an interior cleared profile, the inside curb of the curve must be pipelined or have a maximum depth

of 10 cm.

The slope of cutting on internal roads must be limited in accordance with the wind farm's geotechnical survey and
determined by the crane being used for assembly. The most restrictive case is movement of NTC without

dismounting.

3.1.5. Curve widening — General

The smaller the curve radius of the alignment curve, the greater the road width must be (difference between outside

and inside radius) at the curve.

Blade transportation is considered a limiting element in the calculation of curve widening.

The following example table is completed for each model with these widths:

¢ A: Road width
e SAE: Exterior widening

o SAI: Interior widening

FADIUS - ANGLES

Figure 2 Curve widening

The conclusions of the study will be reflected in a table where:

e A is the width of the road necessary for transport (A = Al + A2)

e Al: represents the road width (at least 5 m at each point of trajectory = baseline), which may be increased
depending on the width necessary for maneuvering the vehicle

e A2:Is the occupation of the vehicle when maneuvering cannot adjust to the Al road width

e SAi: Is the maximum interior sweep of the vehicle or its cargo

e SAe: Is the maximum exterior sweep of the vehicle or its cargo

¢ R30: Represents the curve radius at the center of the road

e 90°: Represents the angle formed by two straight sections of road joined by a curve of a given radius

This study was make taking in to account an estimate vehicle (General vehicle). Later, each region will carry out a
study of curve radius with its most restrictive vehicles. The general results analysis for turbine model is defined

according to the 5.2 Transport requirements.
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Besides, per each specific project, inner and outer widening for each curve along the route should be studied per

transport simulation.

3.1.6. Gradients and grade changes

Transversal Gradients
(%)

Longitudinal Gradients

(%)

Maximum Minimums Maximum | Minimum
Straight section | Curved section Stral.ght Cur\{ed Stralght/'curved
section | section section
>10 and <13 Up to 7 without
without concreting @
concreting if
gradient < 200
m.@
>10 and <13 >7 and <10
improved improved
Wind farm access concreting or concreting or
road and internal paving if gradient | paving 0.50 0.50 2 0.20
. >200 m.(@
wind farm road
>13 and <15
improved
concreting or
paving + 6x6
tractor unit
>15 need for >10 need for
towing study towing study
<3uptoamax. |<2uptomax.
of 1000 m 500 m without
without concreting.
Access and concreting.
internal roads 0.50 0.50 2 0.20
reverse driving >3 and <5 max. |22 and <3 max.
1000m improved | 500 m improved
concreting or concreting or
paving paving
(1) SGRE standard values are <13 % for longitudinal gradients and <10 % for curved sections.
(2) Improved paving: Roadbed with friction coefficient of at least 0.35

Table 6 Gradients and grade changes

The transport vehicles used to transport various components of the turbine up to the site must be equipped with self-

steering rear axles.
For gradients near 10% without concreting, 6 x 4 tractor units or four-wheel drive truck will be required.

In the specified cases in which road paving must be improved, the solution to be used and the envisaged friction

coefficient must be submitted so that transport can be executed.
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In the specified cases in which road paving must be improved, the technical characteristics of the solution to be used
must be submitted, as well as the friction coefficient for the roadway layer envisaged for said solution, thereby

ensuring that all components are transported correctly.

If the longitudinal gradient is >13% and <15%, improved concreting or paving will be required, and a 6 x 6 tractor unit

used. This means that the slope will also have to be reviewed since it is hot within SGRE standards.

In the extreme case that a longitudinal gradient in a straight section is >15% and/or is >10% in a curved section, a
towing study must be conducted in addition to improving the road paving along the affected section. This study must

be conducted by the logistics company in charge of supplying the wind farm with the wind turbine components.

Regarding to guarantee the proper transitions between gradient changes, the minimum straight-line total length of
the convoy must be kept in mind. According to the complexity of the wind farm project, these points must be analyzed

and discussed to find the proper solution.

Ltot: Total length of the convoy.

Convoy Length Ltot

Figure 3 Transitions between gradient changes

For the calculation of the more restrictive KV that appears in this document, estimated generic vehicles have been
considered. This does not mean that there are not others that improve or even worsen the KV figure. It is advisable

to carry out a specific study in each region of the SGRE, with the vehicles planned to be used in local projects.

The kv value considered in the wind farm design for this WTG model shall be, as a minimum:

KV=770m

With the information we have now, the most restrictive transport would be the SG170 blade on dolly. Bearing in
mind that all the axles of the platform would be in contact with the ground. Considering that all the axles of the
platform would be in contact with the ground and a rear overhang of 15,64m. Which of course will be different
considering the restrictions of each country. The overhang may differ according to the restrictions of each country,

which should be considered.
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poome 4
L
-
-
.

&
2

SIEMENS Gamesa

Reference:  Example project: Blade SG170 in extendable platform  Is any rear axie going to hang? No
Component: Blade Q
Vehicle: Lowbed

(= A& | .

L 56,16 m Security distance (ground-vehicle) 7 cm
H (When suspension is
0,51
completely down) 2L m
L& 28,28 m Rear Suspension (total) 20 cm
Lp 223 m
L 272 m
HI (When suspension is 477 m
completely down)
Hv (When suspension is
1,18 m
completely down) Y
Rear Front
: This KV is theoretical and only valid
CALCULATE KV 770 m A when the suspension of the vehicle, | 15 cm -
- from its lower fimit, is set on:

Figure 4 The most restrictive transport and its respective KV

The value above is for reference only. Depending on the complexity of the terrain, the KV value that minimizes LCoE
(levelized cost of energy) might be higher (flat wind farm) or lower (mountainous wind farm). Prior to signing the
contract, a specific study shall be done in order to define the proper KV for the wind farm, considering development

constraints in force and locally available transports in order to adapt logistics means accordingly.
The specific study could include nonstandard solutions and extra resources for each solution.

The roads must be smooth, removing, as far as possible, any protrusions such as stones, rocks, etc., which could

damage the nacelle platform or the tower sections and hinder transportation.
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3.1.7. Passing areas and turning points

Passing areas will be created at intervals of approximately 5 km, attempting to take advantage of the areas where
there are less actions to be performed if possible and they must have an extra width of 5 m with a minimum length
equal to the total length of the convoy (Ltot) with a greater length. It is important to consider the entry and exit areas
to facility access to the area. The waiting areas must be clear of any obstacle, leveled, compacted and drained.

QHSE will determine the number of rest areas that must be created.

The turning points must be defined according with the maximum allowed reverse maneuver as described at the item
3.1.5 Gradients and grade changes.

Where dead end roads are constructed or where loaded transports must turn around prior to delivery to the
Installation Area, turning Areas are required to avoid long reverse driving. For each wind farm project, these points

must be analyzed to find the proper solution.

(Note) Truck length* - The turning area will be different considering two situations: Loaded truck and empty truck.
The additional area must be considered around the turning point - cleared of obstacles and levelled to allow oversail/
overhang during transportation. The turning point could be adapted regarding the orography and/or complexity of the
windfarm terrain, the new geometry must be approved by SGRE in order to comply with the transport requirements.

Min. 5m width
—

i

Truck Lenght* +10 m

e

\}‘b
6\‘2@&
&

A

l
I
I
I
l
I
I
I
I
L

Site road

Truck Lenght* +10 m

Figure 5 Turning point geometry suggestion
3.1.8. Drainage

The surface drainage system must be of a size to collect any rainwater from the roadway layer as well as any water
collected from small flows of runoff water intercepted by the road or even, where applicable, to provide continuity for
any larger natural watercourses also intercepted. The calculation will be considered for a return period of 25 years

for transverse drainage and 10 years for longitudinal drainage works.
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3.2. Hardstands

The hardstands will include a crane work area and areas defined as storage areas. The main components will be
stored on the storage area and they will be hoisted by the cranes from the hardstand — crane work area, as a standard
concept. Regarding the high-power and communications networks avoid placing them across the hardstand. If this

cannot be avoided, then the network must be pipelined, and the pipes covered with concrete.

3.2.1. Hardstand design

The design of the hardstand section must be done based on the geotechnical report and the load transferred by the

crane support legs, also it must be considered the use of crane mats if any, under the crane support.
The structural verifications that must be performed and the criteria to be used is as follows:

e For the bearing capacity analysis, Meyerhof and Hanna (1978) methodology will be used.
e The safety factor for the verification of the bearing capacity will be 2, for both long term and short term.
e For the analytical calculation of the settlements, the Steinbrenner methodology will be used.

e The maximum differential settlement under the crane support leg will be 40 mm.

When it comes to unfavorable geotechnical conditions, in addition to the verifications carried out with analytical
methodologies, described above, it will be necessary to develop a finite element model (FEM) to compare and

contrast the results obtained with analytical methodologies.

The design of the hardstand and the geotechnical report will be provided to Siemens Gamesa together with the

quality control of the hardstand, during the handover of the civil works and before starting with the erection process.

3.2.2. Bearing capacity

Component storage
area

Crane work area

Boom assembly area

SGRE standard 2.5 2 2

3 (T100m)
3 (T101.5m)
3 (T115m)
4 (T135m) 2 2
5 (T145m)
5 (T155m)
5 (T165m)

Table 7 Load- bearing capacity (kg/cm2)

Without crane
mats

The composition of the crane work area must have a good subgrade, Ev2=60MPa or above. Transmitted loads must
be 2.5kg/cm2 (approx 0.2MPa). A surface of 30 m2 must be laid, 6 crane mats (5 m x 1 m) per crane leg or crane

chain.

If opting not to use crane mats, the necessary bearing capacity will be 3 kg/cm2 for TL00m, T101.5m and T115m, 4

kg/cm2 for T135m and 5 kg/cm?2 for T145m, T155m and T165m tower models. The possible supply of crane mats is
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not included in the scope of SGRE, whereby if opting to use crane mats, the cost thereof shall be incurred by the

Contracting Party.

3.2.3. Hardstand composition and structure

In the hardstand, the upper level of the subgrade must be above the highest foreseeable level of the water table.
Where expansive material (expansive clay, etc.) or loose soil conditions are indicated in the geotechnical report, the

use of geosynthetics is strongly recommended (at least with the soil reinforcement and separation functions).

The fill material will be compacted on the hardstands and in the storage areas in layers to a maximum thickness of
30 cm to ensure the effectiveness of the machinery along the entire section. The compaction level will be such that
the dry density after compaction is 95% MP or higher. The elasticity module of the subgrade must be measured
based on the compressibility module of the second cycle of the load plate test as per DIN 18134 (or in its absence,
NLT-357), 600 o 762mm plate will be used for this test, the acceptance criteria will be indicated in the hardstands

section design.

Regarding the finished hardstand, the compaction level will be such that the dry density after compaction is 98% MP
or higher. The elasticity module of the finished hardstand surface must be measured based on the compressibility
module of the second cycle of the load plate test as per DIN 18134 (or in its absence, NLT-357), and the result must
never be less than Ev2>80 MPa. Likewise, the relation between the first and second load cycle must be less than 3.

In case there is a doubt about the hardstand capacity, it will be necessary to execute at least one borehole, in the
center of the crane area, with core recovery and a depth of 8m. During the execution of the borehole, the following

works should be conducted:

e SPT: from the surface where a test must be performed every meter.
e Extracting non-disturbed samples, plus laboratory test (triaxial tests or direct shear tests).
e Determining the ground water level depth, if encountered.

e Collect sampling for laboratory characterization of all the encountered materials.

The storage areas that are at the same level and position of the crane work area (for towers and nacelle), the
requirements for the subgrade and finished layer are the same as above-mentioned. For the blade storage areas,
the compaction level of the subgrade will be such that the dry density after compaction is 95% MP or higher. In case

of need of granular layer, the compaction level will be such that the dry density after compaction is 98% MP or higher.

In case the subgrade of the storage areas is good enough to withstand the loads, no layer of granular material will

be needed, but this must be justified accordingly in the design.

Tests must be carried out on the material used for the subgrade and for the roadbed, in order to control the
compaction of the different layers and ensure that the civil works are correctly executed. The quality control and the
requirements for the civil works design is defined according to the 5.3 Quality tests and requirements for civil

works plan projects.

Before the arrival of the transport vehicles and crane, the hardstand must be accepted by SGRE for the works to

commence.
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3.2.4. Hardstand gradients

Hardstand gradients (%) \

Crane work area Component storage area

Crane Type Maximum Minimum Maximum Minimum
NTC or Mobile cranes 1.5
0.2 1 0.2
WTC 0.5

Table 8 Hardstand gradients (%)

The minimum slope in the crane work area as well as the storage area is 0.2%, for the drainage of surface water;
concave areas that may result in the formation of pools and the consequential drift of material under heavy loads
cannot be accepted. Furthermore, take care that the hardstand or storage area surface must not drain off onto its

access road.

3.2.5. Hardstand dimensions

Hardstand layout considers standard SGRE assembly strategy 4.

Foundation diameter subject to change. In case of using special foundation solution (uplifted, braced foundation,

etc.), the hardstand dimension must be evaluated and approved by specific study.

(Note) — Following hardstand layouts covering tailing crane offloading and self-offloading transports

Use of clamp system doesn’t require cranes for off-loading but additional space for maneuvering of trailers to release
the tower sections is needed. The system is not available for all regions and must confirmed by SGRE before building
the windfarm. Bear in mind, once chose the hardstands without to consult or to require a confirmation from SGRE,
the decision is responsibility of the civil designer. The different concept reflects an impact in hardstand layout,

assembly phase and costs. Unusual situations must be evaluated and approved project specific.

Position of blade fingers is depending on location of transport equipment (TEQ) on blade -> Use of TEQ concept
and/or positioning on blade might be different per region. Final location of blade fingers must be evaluated and

approved project specific.

Area ‘ Description ‘

ql Hardstand for main crane

g2 Hardstand for assistant crane

g3 Storage area for containers and miscellaneous items

q4 Blade storage area (including the blade fingers position)

g5 Storage area for components

g6 Hardstand for boom assembly

a7 Free obstacles area for rotation superlift ballast or suspended ballast of main
crane

Table 9 Installation area codes and description
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HARDSTAND LEGEND

Site Road |:| g4 Trestle area for blades

|:| q1 Hardstand for Main Crane |:| g5 Storage area for components
“ g2 Hardstand for Assist Crane |ﬂﬂﬂﬂm g6 Hardstand for Boom Assembly
% g3 Storage/Assembly Area I:l g7 Hardstand for Superlift ballast

The platform drawings can be found in annexes, section 5.2 hardstand dimensions.

In all hardstands, 2 additional areas of 19 m x 12 m and 16 m x 12 m will be required for storing the containers and
miscellaneous items. These areas must be close to the hardstand. They can be positioned alongside the foundation

providing they remain accessible for removing material by boom truck or telescopic forklift.

The blade storage area will be formed by two different zones in g4. The first zone are two reinforced and levelled
“fingers” where blades are supported. The second zone is the surrounding area of blade fingers in g4. As a standard,
the entire area of g4 should be levelled with road and/or hardstand next to it and cleaned from obstacles (working

area).

In order to avoid blade touching the ground and be able to operate the blade lifting yoke (clamper), CNS tool-kit is
used for blades storage in 10°. According respective OP PREP BLADE SG5.x (D2472922) the extra height for the
clamp is achieved with TK FA SPT BLADES ROOT 2.3-4.0M (GP520915).

If the blade fingers area is higher or lower than the adjoining road, this must be approved by Siemens Gamesa as it

will have an impact on the delivery of the blades.

In addition, a work area must be secured at least 1m between and around to the blades. In addition, a work area

must be secured at least 1m between and around to the blades.

The dimensions of the vehicle and crane work areas as well as the storage areas inevitably determine the
configurations of the equipment used for assembly. For this reason, this section also defines some of the standard

or normal conditions used to define the basic prices as well as relevant exceptional cases.

The recommendable distance from the center of the ring to the start of the useable surface of the hardstand will be

5 m. (Each specific case may be studied).
The concrete foundation pedestal and hardstand must have the same level where possible.
It can be lower with prior approval from SGRE.

If design requirements call for the foundation pedestal level to differ from the ground surface potentially the level of
standard hardstand layout will differ from foundation pedestal, too. In case of a project specific evaluation together
with SGRE is required (e.g adaptation of hardstand level to foundation pedestal level or change of crane set up and

updated of size of the hardstand).
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(Note: If opting for an elevated foundation due to design reasons, its height in relation to the hardstand should be

considered as tower height.)

Intermediate hardstand adjacent to the road, but at a different level, must have a separate hardstand entrance and

exit. Otherwise it must be considered end-of-road hardstand.

For end-of-road hardstands, the foundation should be at the end of the hardstand, avoiding having the foundation at

the entrance of the hardstand as much as possible.

The hardstand and road must be at the same level to be able to operate support cranes located partially on hardstand

and road.

3.2.6. Requirements for tower assembly with T-flange configuration between section 1 and 2

A compacted area around the tower (on top of foundation) need to be prepared in advance of start of 15t tower section
installation. This is needed to enable tower access from all sides for installation of T-flange bolt joints with e.g. cherry

picker (man basket).

The compacted area needs to have a minimum width of 10m for operation of cherry picker.

__Hardstand and storage
__— area
) - Site road

gy —Wﬁ’ﬂmiﬁﬁ
:U=JTJ=[T_=U:.
|

__ Storage area next
_—" to blade fingers

Figure 6 Example of hardstand layout and access road/ramp

Note:

If an elevated foundation is applicable a road/ramp for access to compacted must be created, too. Maximum

gradient of 15% must be considered.

*The bearing capacity for the backfilling is a recommendation for complying with the CNS requirements. This

number needs to fulfill also the foundation design requirements.

3.2.7. Requirements for assembly the main crane

If there are several branches far away from one another, an area must be prepared for assembling and disassembling
the boom of the main crane at the beginning and end of each wind farm branch or on each hardstand depending on

the crane model to be used.
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The boom assembly configuration and area may vary according to the crane models to be used.

If there are very steep gradients, power lines, etc., more assembly and disassembly areas for the boom of the main

crane may be needed on each hardstand.

This area must have a minimum length in a straight line equal to:

e 100m tower: Tower height + 19m and a minimum width of 3m, with two 6m x 6m supporting areas (depending
on the crane, the location of the crane and the boom configuration)

e 101.5m tower: Tower height + 19m and a minimum width of 3m, with two 6m x 6m supporting areas
(depending on the crane, the location of the crane and the boom configuration)

e 115m tower: Tower height + 19m and a minimum width of 3m, with two 6m x 6m supporting areas (depending
on the crane, the location of the crane and the boom configuration)

e 135m tower: Tower height + 15m and a minimum width of 3m, with two 6m x 6m supporting areas (depending
on the crane, the location of the crane and the boom configuration)

e 145m tower: Tower height + 15m and a minimum width of 3m, with two 6m x 6m supporting areas (depending
on the crane, the location of the crane and the boom configuration)

e 155m tower: Tower height + 12m and a minimum width of 3m, with two 6m x 6m supporting areas (depending
on the crane, the location of the crane and the boom configuration)

e 165m tower: Tower height + 12m and a minimum width of 3m, with two 6m x 6m supporting areas (depending

on the crane, the location of the crane and the boom configuration)

DU U 4

Wheeler Crane Area for assembly and disassembly on each hardstand and along

Mobile/ site road

Crawler NTC

cranes WTC Assembly area at the beginning and end of the Wind Farm or each
branch

In a straight
Dimensions line
Wide 3m 3m 3m 3m 3m 3m 3m

119m 120.5m 134m | 150m | 160m | 167m | 177m

Table 10 Requirements for assembly the main crane

There must be areas without vegetation, flat and compacted with a surface area of 10 m x 12 m + 7m x 12m/ 2,

every 30 m along the boom for assembly for the tailing cranes operation:
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Tower height + XX m

Figure 7 Distribution areas for main crane boom assembly

This area must also be as horizontal as possible, and any gradient should preferably be upward (in the direction in
which the boom assembly advances). Were it downward, the boom assembly conditions would be more complex,
increasing the crane means required for the assembly process. This would not be a SGRE standard and a specific

study would need to be done.
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Figure 8 Boom assembly on flat and hilly terrain

Furthermore, the subgrade for assembly and disassembly of the boom, including the pre-installation crane positioning

areas, must have a supporting capacity over the entire area at work level of 2 kg/cmz (approx. 0.2 MPa).
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The areas for mounting and dismounting the main crane should be next to a hardstand but not overlap the hardstand
area. Furthermore, they will be laid out as parallel as possible to the road reaching the hardstand, but without

overlapping it, in order to avoid invading the outgoing WF road in case of.
3.2.8. Areas for Tag Lines

Rotor Assembly and Single blade Installation Methods (see Figure 9) require special attention for ensuring a cleared
area for the safe use of tag lines.

The Employer shall ensure that the areas around the hardstand, rotor assembly area, and operating area for tag
lines are prepared to allow rotor assembly and installation, or single blade installation to be completed safely. An
example of the area required is shown in Figure 9. This area shall be prepared as a Working Area (free from trees,
obstacles and trip hazards and prepared as to allow persons to move freely and safely). Once the Employer’s civil
design is finalised, the Contractor shall work with the Employer to further define and optimize these areas in order to
minimise the felling and ground preparation works to be carried out by the Employer. Prior to turbine erection, the
Employer and Contractor shall together survey the area to be used for tag lines and identify any safety hazards (e.g.
holes, level changes, marsh etc.). The Employer and Contractor will mutually agree appropriate mitigations
measures, which will be carried out by the Employer, to ensure Safe Working Access.

The drawings below are indicative only and can be furthered refined during the site visit. This is relevant for rotor

assembly only.

Operating area for taglines
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Hub Height*1.5

20 7 2 {”““ Operating area for taglines

Figure 9 Indicative drawing of area requirements for the use of tag lines with single blade installation method.

3.3. Minimum Requirements for temporary site compounds of wind farms

Temporary site compound includes the area of the site office sheds, parking area for light vehicles and the storage
area for minor materials. Normally all these areas form a single space that is divided into the pertinent specific

areas, usually called “site compound”.

The site compound is a need for the construction of a wind farm, and each area must be in good conditions for
each specific purpose. Therefore, these temporary areas must be built in accordance with some specific

requirements.

The location of the site compound must be carefully studied, avoiding areas susceptible of suffering flood events
and avoiding areas near to important natural slopes or great embankments. The best location is on areas as flat as

possible with easy access by car or truck.

The design of this site compound must consider a minimum slope (always higher than 1%) to allow a correct
drainage of the rainwater. If necessary, temporary drain ditches or culverts should also be designed to collect the

rainwater to the appropriate discharge points.
The construction of these temporary areas will require the following activities:

1- The area must be cleared to eliminate the topsoil, trees, stumps, weeds, etc. The topsoil can be stockpiled
in small piles next to for later use in landscape restoration if required.
2- Embankments. If some embankments are necessary to build any platform, at least the following requirements

are recommended meeting:
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3-

- Before the construction of the embankment, natural subgrade must be compacted until reaching 95% of
the maximum dry unit weight from the Modified Proctor test (M.P.).

- Embankment construction must be carried out filling with soil layers of 30cm thick, and compacting this
filling material until reaching 95% of its maximum dry unit weight from the M.P.

- Itis recommended using filling material with a CBR 24% at 95% M.P, free of organic matter, LL<50, non-

collapsible, free swelling <3%.

Excavations. If some excavations are necessary to build any platform, the natural subgrade must be

compacted until reaching 95% of the maximum dry unit weight from M.P., once the excavation is over.

Pavement. The pavement will depend on the use of each area but, as a general approach, it is recommended
the use of granular material with a fine content < 20%, CBR= 40% at 98% M.P and maximum size of 32mm.
This material must also be correctly compacted in layers of 30cm thick until reaching at least 98% of the

maximum dry unit weight from M.P.

The thickness of the pavement will be determined by the site soil conditions and it will be evaluated
adequately with the detailed geotechnical information. There may even be the case that the use of geotextiles

could be necessary.

The thickness of pavement in each area is indicated below. They must be considered as a minimum and

obviously they can also be increased if the site soil conditions are not good enough.

» Temporary office area: it is recommended 10cm of well compacted granular material. Plain concrete
is recommended for sidewalks connecting the different offices access, toilets, etc.

» Parking area for light vehicles: it is recommended 15cm of well compacted granular material.

» Storage area for minor materials and access road: trucks are going to use these areas. Therefore,

the thickness of pavement will depend on the quality of the natural soil (subsoil):

o Poor subsoil conditions (CBR at 95% P.M <2%): it is recommended at least 30cm of well
compacted granular material.

o Fair subsoil conditions (2<CBR at 95% P.M <7): it is recommended at least 20cm of well
compacted granular material.

o Good subsoil conditions (CBR at 95% P.M >7): it is recommended at least 15cm of well
compacted gravel.

o If rock or rocky soils are encountered, it would be enough with 10cm of well compacted granular

material for all the areas to build uniform and plain platform.

Previous recommendations must be understood as a general guide or a first approach to the final design of the

temporary platforms.

In any case, it is always necessary to maintain adequately the pavements, and if necessary, add and spread more

granular material correctly compacted during the use of these temporary areas.

D2165151/007 — Restricted
© Siemens Gamesa Renewable Energy S.A., 2021. All rights reserved. 28 /95



Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

If the temporary areas are going to be used as storage of the turbine components and/or very heavy items that
require the use of cranes, they will be considered as a usual hardstand of a WTG and they will be analysed and

designed in accordance with the Site Specific Requirements (SSR) of each project.

3.4. Safety distance from power lines

The Orders and Regulations in force in each country must be considered where high and low-voltage lines

pass over the internal wind farm roads or wind farm access roads.

Distance limits for working areas are included as a reference.

Un ‘ DreL1 DereL-2 Derox-1 Drrox-2 ‘
<1 50 50 70 300
3 62 52 112 300
6 62 53 112 300
10 65 55 115 300
15 66 57 116 300
20 72 60 122 300
30 82 66 132 300
45 98 73 148 300
66 120 85 170 300
110 160 100 210 500
132 180 110 330 500
220 260 160 410 500
380 390 250 540 700

Table 11 Safety distance from power lines to work areas

(Note)
The distances for intermediate voltage values will be calculated using linear interpolation.
Where:

e Un- Rated voltage of the installation (kW).

e DereL1- Distance to the outer limit of the danger area whenever there is a risk of voltage stressing due to
lightning (cm).

e DreL2- Distance to the outer limit of the danger area when there is no risk of overvoltage due to lightning
(cm).

e Drrox1- Distance to the outer limit of the danger area whenever it is possible to mark out the work area
accurately and control that this is not exceeded during the carrying-out of the work (cm).

e Drrox-2- Distance to the outer limit of the danger area whenever it is not possible to mark out the work area
accurately and control that this is not exceeded during the carrying-out of the work (cm).
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4. Additional documentation

This document is of a general character and it is necessary to include another document (e.g. External Note)

specifying any additional requirements or revision/confirmation of the parameters of this document, in addition to:

e Number of WTGs.

e Turbine type. If there is more than one type, this should be specified position by position.

e Installation strategy and storage conditions. If there is more than one type, this should be specified position
by position.

e Main, pre-assembly and assist crane proposed.

¢ Road width in the access road and between positions.

¢ Semi— mounted crane movement road requirements and affected road sections.

e Auxiliary means for transports as pull units. This should also include the road sections in which this auxiliary
means are needed.

e Additional platforms, in case needed (temporary storage).

e Confirmation of the widening curves table.

e Revision/confirmation of the parameters, e.g. KV, longitudinal gradients...

e Specification of dimension and other requirements of site facilities.

e Any other project specific requirements.

To define the above information, receiving the Layout of the WF and other information is required.

This data will give a visualization of each wind turbine of the wind farm and it will convey any needed extra methods

or measures in addition to the SGRE standards.
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5. Annexes

5.1. Weights and dimensions for SG 6.2-170

For further information about different configurations or a site-specific tower, please contact to the Sales Technical
team from the regions. The towers from the self-offloading hardstands are available for NEME region.

This document covers the key models from the Extended Tower Portfolio.

100m tower
@ Lower flange @ Upper
(m) Flange (m)
Section 1 84,030 14.30 4.70 4.70
Section 2 79,750 21.56 4.70 4.49
Section 3 76,060 26.88 4.49 4.49
Section 4 75,790 34.45 4.49 3.50

Table 12 Weights and dimensions of T100m

101.5m tower

Element @ Lower flange QHL;ES?
Section 1 61,270 8.460 4.50 4.30
Section 2 69,800 14.840 4.30 4.50
Section 3 57,630 15.120 4.50 4.50
Section 4 53,450 17.640 4.50 4.50
Section 5 48,050 21.000 4.50 4.10
Section 6 49,720 21.850 4.10 3.50

Table 13 Weights and dimensions of T101.5m

115m tower
Element fgnLgoeW(i"rl) Fgr?gpep(enr“l)
Section 1 85,640 13.29 4.70 4.70
Section 2 85,140 18.20 4.70 4.44
50A Section 3 85,410 23.80 4.44 4.43
Section 4 73,230 27.16 4.43 4.02
Section 5 64,920 29.97 4.02 3.50
Section 1 86,800 11.78 4.80 4.80
51A Section 2 84,640 17.92 4.80 4.80
Section 3 81,560 21.84 4.80 4.80
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Section 4 77,290 28.00 4.80 4.80
Section 5 72,510 32.77 4.80 3.50
Section 1 84,370 12.29 4.50 4.50
Section 2 82,590 16.52 4.50 4.39
53A Section 3 81,820 21.28 4.39 4.39
Section 4 80,440 30.24 4.39 4.02
Section 5 70,030 32.08 4.02 3.50
Table 14 Weights and dimensions of T115m
135m tower

& Lower @ Upper

flange (m) Flange (m)
Section 1 91,070 15.00 6.00 5.68
Section 2 84,190 18.20 5.68 5.68
Section 3 84,470 21.28 5.68 4.83
o0R Section 4 81,540 24.92 4.83 4.42
Section 5 68,370 26.88 4.42 4.42
Section 6 58,390 26.13 4.42 3.50

Table 15 Weights and dimensions of T135m
145m tower

Element flinLgoeW(i:) Fi\:gpepfr;)
Section 1 83,350 12.32 6.40 6.40
Section 2 82,480 14.00 6.40 6.40
Section 3 83,110 15.68 6.40 6.40
Section 4 83,910 18.20 6.40 6.40
Section 5 73,260 18.48 6.40 5.75
Section 6 62,220 18.48 5.75 5.10
Section 7 50,400 18.48 5.10 4.45
Section 8 64,480 26.89 4.45 3.50

155m tower

Table 16 Weights and dimensions of T145m

Element flfml_gogv(i:) Fgr:)gpepfr;)
Section 1 83,980 12.32 6.60 6.58
Section 2 82,320 13.44 6.58 6.58
Section 3 82,350 14.56 6.58 6.58
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Section 4 82,980 16.24 6.58 6.58
Section 5 80,910 18.48 6.58 6.58
Section 6 70,170 18.48 5.98 5.38
Section 7 83,270 28.84 5.38 4.44
Section 8 70,760 29.97 4.44 3.50

165 MB tower

Table 17 Weights and dimensions of T155m

@ Lower @ Upper
flange (m) Flange (m)
Concrete (MB) - 99.80 9.29 453
Section 1 81,020 29.71 4.30 4.29
Section 2 69,830 36.00 4.29 3.50

165 WT tower

Element

Table 18 Weights and dimensions of T165 MB

@ Lower
flange (m)

@ Upper

Flange (m)

Concrete (WT) - 108.00 9.40 4.92
Section 1 68,680 26.32 4.50 4.27
Section 2 59,340 28.38 4.27 3.50

100m tower —

Self offloading

Table 19 Weights and dimensions of T165 MB

Element @ Lower flange

Section 1 64,420 10.27 4.50 4.50
Section 2 59,950 13.10 4.50 4.50
Section 3 51,990 15.21 4.50 4.49
Section 4 55,470 19.10 4.49 4.48
Section 5 51,190 21.30 4.48 4.02
Section 6 50,410 18.70 4.02 3.57

115m tower —

Table 20 Weights and dimensions of T100m — Self offloading

Self offloading

Element @ Lower flange

Section 1 84,940 13.54 4.70 4.67
Section 2 85,090 18.19 4.67 4.44
Section 3 84,980 23.74 4.44 4.43
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Section 4 74,190 27.00 4.43 3.56

Section 5 65,520 29.95 3.56 3.36

Table 21 Weights and dimensions of T115m — Self offloading

135m tower — Self offloading

@ Lower flange

Section 1 94,850 15.00 6.00 5.68
Section 2 84,970 18.20 5.68 5.68
Section 3 84,460 21.28 5.68 4.83
Section 4 79,360 24.92 4.83 4.42
Section 5 72,250 26.88 4.42 4.42
Section 6 62,390 26.13 4.42 3.50

Table 22 Weights and dimensions of T135m — Self offloading

145m tower — Self offloading

Element @ Lower flange

Section 1 83,350 12.32 6.40 6.40
Section 2 82,480 14.00 6.40 6.40
Section 3 83,110 15.68 6.40 6.40
Section 4 83,910 18.20 6.40 6.40
Section 5 73,260 18.48 6.40 5.75
Section 6 62,220 18.48 5.75 5.10
Section 7 50,400 18.48 5.10 4.45
Section 8 64,480 26.89 4.45 3.50

Table 23 Weights and dimensions of T145m — Self offloading

155m tower — Self offloading

Element @ Lower flange

Section 1 70,760 29.97 6.60 6.58
Section 2 83,270 58.84 6.58 6.58
Section 3 70,170 18.48 6.58 6.58
Section 4 80,910 18.48 6.58 6.58
Section 5 82,980 16.24 6.58 5.98
Section 6 82,350 14.56 5.98 5.38
Section 7 82,320 13.44 5.38 4.44
Section 8 83,980 12.32 4.44 3.50
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Table 24 Weights and dimensions of T155m — Self offloading

165 MB tower — Self offloading

Element flgf\nLgO(;N((:r:) Fi\:gpepfr;)
Concrete (MB) - 86.27 7.89 4.67
Section 1 78,490 21.84 4.30 4.29
Section 2 57,330 23.52 4.29 4.28
Section 3 58,110 29.45 4.28 3.57

Table 25 Weights and dimensions of T165m MB — Self offloading
Nacelle, incl. TU and GEN

Element Width (m) Height (m)

Nacelle 103,508 15.03 4.20 3.50

Table 26 Weights and dimensions of Nacelle

Full Drive Train

Element Width (m) Height (m)

Drive Train 80,790 7.60 3.20 3.13

Table 27 Weights and dimensions of Full Drive Train

Hub
Element Width (m) Height (m)
Hub 55,000 5.20 4.72 4.10
Table 28 Weights and dimensions of HUB
Blades

Element Height (m) |

Blade SG5.X-170 25,000 83.50 4.50 3.40

Transformer Unit

Element Height (m)

TU 16,300 - - -

Generator

Element Height (m)

GEN 16,500 - - -

Table 31 Weights and dimensions of Generator

5.2. Transport requirements
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(Note): The data represented below is the result of the of the study was obtained from the modelling, showing the
following widening according to the cargo and bed. The values are a reference considering the transport from the
item 3.1.5 Gradients and grade changes. For each windfarm and region, please bear in mind some changes could
be possible. Concerning this, a new study must be done by Logistics department according with the transport

available per region/project to avoid some nonconformities.
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VEHICLE: SG170, LEFT TURN

100 20° 300 40° 50° 60°
A Sae Sai A Sae Sai A Sae Sai A Sae Sai A Sae Sai A Sae Sai
5 5 15 15 6 1,5 45 6 1,5 8 6 4 11 7 55 15 7 7 19
10 5 15 15 6 15 45 6 15 8 6 35 11 7 55 14,5 7 7 18
15 5 15 15 6 15 45 6 15 75 6 35 105 7 5 14 7 6,5 175
20 5 1,5 15 6 1,5 45 6 1,5 7,5 6 3,5 10,5 7 5 13,5 7 6 16,5
25 5 15 1 6 15 45 6 15 75 6 3 10 7 4,5 13 7 6 16
30 5 15 1 5 15 4,5 6 15 7 6 3 10 7 45 12,5 7 55 15
35 5 15 1 5 15 4 6 15 7 6 3 9,5 6 4 12 7 55 14,5
40 5 15 1 5 15 4 6 15 7 6 2,5 9 6 4 11,5 7 5 13,5
45 5 1,5 1 5 1,5 4 6 1,5 6,5 6 2,5 9 6 35 11 7 45 13
50 5 15 1 5 15 4 6 15 6,5 6 2,5 85 6 3,5 10,5 6 45 12
55 5 15 1 5 15 4 6 15 6 6 2,5 8 6 35 10 6 4 11,5
60 5 1,5 1 5 1,5 4 6 1,5 6 6 2 8 6 3 9,5 6 4 10,5
65 5 15 1 5 15 3,5 6 15 6 6 2 75 6 3 9 6 3,5 9,5
70 5 15 1 5 15 3,5 6 15 55 6 15 75 6 2,5 85 6 35 9
— 75 5 1,5 1 5 1,5 3,5 6 1,5 55 6 1,5 7 6 2,5 8 6 3 8
% 80 5 15 1 5 15 3,5 6 15 55 6 15 6,5 6 2 75 6 2,5 75
2 85 5 15 1 5 15 35 6 15 5 6 15 6,5 6 2 7 6 2 7
e 90 5 15 1 5 15 3,5 6 15 5 6 1,5 6 6 1,5 6,5 6 1,5 6,5
... |
700 802 90? 1002 1100 1200
A Sae Sai A Sae Sai A Sae Sai A Sae Sai A Sae Sai A Sae Sai
5 8 8 23,5 11 8 28 15 8 34 6 0 0 6 0 0 6 0 0
10 8 8 22 10 8 26,5 13 8 315 18 8 37,5 6 0 0 6 0 0
15 8 8 21 9 8 25 12 8 29,5 16 8 35 6 0 0 6 0 0
20 8 7,5 20 8 8 235 10 8 27,5 14 8 32 18 8 37,5 6 0 0
25 7 7 19 8 8 22 9 8 25 12 8 29 15 8 33 6 0 0
30 7 6,5 17,5 8 75 20,5 8 8 23 10 8 26 13 8 29 16 85 33
35 7 6,5 16,5 7 7 19 8 8 21 8 8 235 10 8 26 12 8,5 2
40 7 6 15,5 7 7 17,5 7 7,5 19 8 8 20,5 8 8 22 8 85 23
45 7 55 14,5 7 6 16 7 7 17 7 7 18 7 75 18,5 7 75 18,5
50 7 5 13,5 7 55 14,5 7 6 15 7 6,5 15,5 7 6,5 15,5 7 6,5 15,5
55 7 4,5 12,5 7 5 13 7 55 13 7 55 13 7 55 13 7 55 13
60 6 45 11 6 45 11,5 6 5 11,5 6 5 11,5 6 5 11,5 6 5 11,5
65 6 4 10 6 4 10 6 4 10 6 4 10 6 4 10 6 4 10
70 6 35 9 6 35 9 6 35 9 6 35 9 6 3,5 9 6 3,5 9
- 75 6 3 85 6 3 85 6 3 85 6 3 85 6 3 8,5 6 3 85
% 80 6 2,5 7,5 6 2,5 7,5 6 2,5 7,5 6 2,5 7,5 6 2,5 7,5 6 2,5 7,5
-% 85 6 2 7 6 2 7 6 2 7 6 2 7 6 2 7 6 2 7
e 0 6 15 6,5 6 15 6,5 6 15 6,5 6 15 6,5 6 15 6,5 6 15 6,5
... |
1300 140° 1500 160° 170° 1802
A Sae Sai A Sae Sai A Sae Sai A Sae Sai A Sae Sai A Sae Sai
5 6 0 0 6 0 0 6 0 0 6 0 0 6 0 0 6 0 0
10 6 0 0 6 0 0 6 0 0 6 0 0 6 0 0 6 0 0
15 6 0 0 6 0 0 6 0 0 6 0 0 6 0 0 6 0 0
20 6 0 0 6 0 0 6 0 0 6 0 0 6 0 0 6 0 0
25 6 0 0 6 0 0 6 0 0 6 0 0 6 0 0 6 0 0
30 6 0 0 6 0 0 6 0 0 6 0 0 6 0 0 6 0 0
35 15 85 31 19 85 35 6 0 0 6 0 0 6 0 0 6 0 0
40 9 8,5 24 11 8,5 25,5 12 8,5 26 14 8,5 27,5 16 8,5 29 18 8,5 31
45 7 75 18,5 7 7,5 18,5 8 7,5 18,5 8 7,5 18,5 8 7,5 18,5 8 7,5 18,5
50 7 6,5 15,5 7 6,5 15,5 7 6,5 15,5 7 6,5 15,5 7 6,5 15,5 7 6,5 15,5
55 7 55 13 7 55 13 7 55 13 7 55 13 7 55 13 7 55 13
60 6 5 11,5 6 5 11,5 6 5 11,5 6 5 11,5 6 5 11,5 6 5 11,5
65 6 4 10 6 4 10 6 4 10 6 4 10 6 4 10 6 4 10
70 6 35 9 6 3,5 9 6 3,5 9 6 3,5 9 6 3,5 9 6 3,5 9
= 75 6 3 85 6 3 85 6 3 85 6 3 85 6 3 85 6 3 85
% 80 6 2,5 75 6 2,5 75 6 2,5 75 6 2,5 75 6 2,5 75 6 2,5 7,5
-_g 85 6 2 7 6 2 7 6 2 7 6 2 7 6 2 7 6 2 7
e 90 6 15 6,5 6 15 6,5 6 15 6,5 6 15 6,5 6 15 6,5 6 15 6,5
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102 20¢ 302 402 502 602

A Sae Sai A Sae Sai A Sae Sai A Sae Sai A Sae Sai A Sae Sai

5 4 2,5 6 6 5,5 6 7,5 8,5 6 9 11,5 7 10 15,5 7 10,5 19

5 4 2,5 6 6 5,5 6 7,5 8,5 6 8,5 11,5 7 9,5 15 7 10,5 18

5 4 2,5 6 5,5 5 6 7,5 8,5 6 8,5 11 7 9,5 14 7 10,5 17,5
5 4 2 6 55 5 6 7,5 8 6 8,5 11 7 9,5 14 7 10 16,5
5 4 2 6 5,5 5 6 7,5 8 6 8,5 10,5 7 9,5 13,5 7 10 16

5 4 2 5 5,5 5 6 7 7,5 6 8,5 10,5 7 9 13 7 10 15,5
5 4 2 5 5,5 5 6 7 7,5 6 8 10 6 9 12,5 7 9,5 14,5
5 4 2 5 5,5 5 6 7 7,5 6 8 9,5 6 9 12 7 9,5 14

5 4 2 5 5,5 5 6 7 7,5 6 8 9,5 6 8,5 11,5 7 9,5 13,5
5 4 2 5 5,5 4,5 6 7 7 6 8 9 6 8,5 11 6 9 12,5
5 4 2 5 5,5 4,5 6 7 7 6 8 9 6 8,5 10,5 6 9 11,5
5 4 2 5 5,5 4,5 6 6,5 6,5 6 7,5 8,5 6 8,5 10 6 9 11

5 4 2 5 5,5 4,5 6 6,5 6,5 6 7,5 8 6 8 9,5 6 8,5 10,5
5 4 2 5 5,5 4,5 6 6,5 6,5 6 7,5 8 6 8 9 6 8,5 9,5
5 4 2 5 5,5 4,5 6 6,5 6 6 7 7,5 6 7,5 8,5 6 8 9

5 4 2 5 55 4,5 5 6,5 6 5 7 7,5 6 7,5 8 6 7,5 8

5 4 2 5 55 4 5 6,5 6 5 7 7 6 7,5 7,5 6 7,5 7,5
5 4 2 5 5,5 4 5 6,5 5,5 5 7 6,5 6 7 7 6 7 7

702 802 902 1002 1102 1202
A Sae Sai A Sae Sai A Sae Sai A Sae Sai A Sae Sai A Sae Sai
8 11 23,5 11 11 28 15 11 34
8 11 22 10 11 26,5 13 11 31,5 18 11 37,5
8 10,5 21 9 11 25 12 11 29,5 16 11 35
8 10,5 20 8 11 23,5 10 11 27,5 14 11 32 18 11 37,5
7 10,5 19 8 11 22 9 11 25 12 11 29 15 11 33
7 10,5 17,5 8 10,5 20,5 8 11 23 10 11 26 13 11 29 16 11 33
7 10 16,5 7 10,5 19 8 11 21 8 11 23,5 10 11 26 12 11 28
7 10 15,5 7 10,5 17,5 7 10,5 19 8 11 20,5 8 11 22 8 11 23
7 9,5 14,5 7 10 16 7 10,5 17 7 10,5 18 7 10,5 18,5 7 10,5 18,5
7 9,5 13,5 7 9,5 14,5 7 10 15,5 7 10 15,5 7 10 15,5 7 10 15,5
7 9,5 12,5 7 9,5 13,5 7 9,5 13,5 7 9,5 13,5 7 9,5 13,5 7 9,5 13,5
6 9 11,5 6 9 12 6 9 12 6 9 12 6 9 12 6 9 12
6 8,5 10,5 6 8,5 10,5 6 9 10,5 6 9 10,5 6 9 10,5 6 9 10,5
6 8,5 9,5 6 8,5 9,5 6 8,5 9,5 6 8,5 9,5 6 8,5 9,5 6 8,5 9,5
6 8 9 6 8 9 6 8 9 6 8 9 6 8 9 6 8 9
6 7,5 8,5 6 8 8,5 6 8 8,5 6 8 8,5 6 8 8,5 6 8 8,5
6 7,5 7,5 6 7,5 7,5 6 7,5 7,5 6 7,5 7,5 6 7,5 7,5 6 7,5 7,5
6 7 7 6 7 7 6 7 7 6 7 7 6 7 7 6 7 7

1302 1402 1502 1602 1702 1802
A Sae Sai A Sae Sai A Sae Sai A Sae Sai A Sae Sai A Sae Sai
15 11 31 19 11 35
9 11 24 11 11 25,5 12 11 26 14 11 27 16 11 29 18 11 31
7 10,5 | 185 7 10,5 | 185 8 105 | 185 8 10,5 | 185 8 10,5 | 185 8 105 | 185
7 10 15,5 7 10 15,5 7 10 15,5 7 10 15,5 7 10 15,5 7 10 15,5
7 9,5 13,5 7 9,5 13,5 7 9,5 13,5 7 9,5 13,5 7 9,5 13,5 7 9,5 13,5
6 9 12 6 9 12 6 9 12 6 9 12 6 9 12 6 9,5 12
6 9 10,5 6 9 10,5 6 9 10,5 6 9 10,5 6 9 10,5 6 9 10,5
6 85 9,5 6 8,5 9,5 6 8,5 9,5 6 8,5 9,5 6 8,5 9,5 6 8,5 10
6 8 9 6 8 9 6 8 9 6 8 9 6 8 9 6 8 9
6 8 85 6 8 85 6 8 8,5 6 8 85 6 8 8,5 6 8 8,5
6 7,5 7,5 6 7,5 7,5 6 7,5 7,5 6 7,5 7,5 6 7,5 7,5 6 7,5 7,5
6 7 7 6 7 7 6 7 7 6 7 7 6 7 7 6 7,5 7
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5.3. Quality tests and requirements for civil works projects

The quality control and the requirements for the civil works design is defined according to the GD483525-EN, Quality

Test Plan for Roads and Hardstands.

5.4. Legislations

Siemens Gamesa and its affiliates reserve the right to change the above specifications without prior notice.

D2165151/007 — Restricted
© Siemens Gamesa Renewable Energy S.A., 2021. All rights reserved. 39/95



Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

5.5. Hardstand dimensions

5.5.1. T100m tubular steel tower Hardstand with strategy 3
e Tailing crane offloading T100m

Storage
. Width x length
conditions

+ 19m x 12m
Lo L PSP 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

Total Storage 0 1 3 P 29m x 44m
+ (39m x 44m)/2

-ql

+88m x 5m

+ reinforced road part*
Q2106 e dimensions according to the

3.2.7. Requirements for assembly the main crane

+ 19m x 12m

G oo 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

Partial storage | 05 .iiiiiiiiiiiiiiiiiiiii 26m x 44m
(SGRE + (35m x 44m)/2
standard) —ql
+ 88m x 5m

+ reinforced road part*

206 et dimensions according to the

3.2.7. Requirements for assembly the main crane

*Referred to 3.1.4 Road width

Table 32 Dimensions of the areas of model T100m with strategy 3 — Tailing crane offloading
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e Total storage — Assembly in 1 phase

Bearing capacity
2 kgfem2

I
l
|| 2 3 kgfem2
|
|
|
|

(2.6 kglem2 with
crane mate)

®

el i i / ﬁ/ A Ao
N * N
w [ ® i E
hL_ I q4 I——§1——‘1|<
T N | ,1,.‘:.‘1_;‘_‘::,;:“k
ST S i T R

[ I D -

Figure 10 Model T100m — Total storage assembling with strategy 3 in 1 phase

D2165151/007 — Restricted
© Siemens Gamesa Renewable Energy S.A., 2021. All rights reserved. 41/95



Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Partial storage — Assembly in 2 phases (SGRE Standard)

Bearing capachty
2 kglem2
] 3 kglem2
(2.5 kglem2 with
crane mats)

:
]

Figure 11 Model T100m — Partial storage assembling with strategy 3 in 2 phases
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5.5.2. T100m tubular steel tower Hardstand with strategy 4
e Tailing crane offloading T100m

Storage
. Width x length
conditions

+ 19m x 12m
Lo L PSP 88m x 18m
(with fingers of g5

hardstand 3m x 18m + 6m x 18m)

05 et 37m x 37m
+ (31m x 37m)/2

-ql

+ 88m x 5m

Total Storage

+ reinforced road part*
O2/06 et dimensions according to the

3.2.7. Requirements for assembly the main crane

o 29m x 18m
Lo PP 16m x 12m

+ 19m x 12m
0 88m x 18m

(with fingers of g5

hardstand 3m x 18m + 6m x 18m)
Partial storage

(SGRE o PP 29m x 39m
standard) + (32m x 39m)/2
—_ ql

+ 88m x 5m

+ reinforced road part*
O2/06 et dimensions according to the

3.2.7. Requirements for assembly the main crane

*Referred to 3.1.4 Road width

Table 33 Dimensions of the areas of model T100m with strategy 4 — Tailing crane offloading

D2165151/007 — Restricted
© Siemens Gamesa Renewable Energy S.A., 2021. All rights reserved. 43 /95



Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Total storage — Assembly in 1 phase

PR 841 D PR - p
: ! | ! |
| | ! ST 5 T
| Bearing capacity j | | ol jed )IL O
: 2 kglem2 I : | : :
| | J i —p -

| 7] 3kg/em2 1 | ; !
! (2.5 kg/em2 with | ' : :
: crane mats) [ | ‘ :

| " |

|

|

|

Figure 12 Model T100m — Total storage assembling with strategy 4 in 1 phase
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e Partial storage — Assembly in 2 phases (SGRE standard)

e e SR B s e x
| — ! ! v (R T | (B
| seana carcey : : T482 11
: 2 kglem?2 . : : : 7,:,,777:777‘5
| 7] 3kglem2 ! : // : : :
|| (2.5 kglem2 with : ! / | | |
: crane mats) | // | i |
: " | | 1
| | Y F—K—F—F—F—F—+] = T << i
1 Z Po iy o 507/ A L\ =
W e O |
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Figure 13 Model T100m — Partial storage assembling with strategy 4 in 2 phases
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5.5.3. T101.5m tubular steel tower Hardstand with strategy 3
e Tailing crane offloading 101.5m

Storage
. Width x length
conditions

+ 19m x 12m
Lo L PSP 88m x 18m
(with fingers of g5

hardstand 3m x 18m + 6m x 18m)

05 et 33m x 44m
+ (31m x 44m)/2

-ql

+88m x 5m

Total Storage

+ reinforced road part*
O2/06 et dimensions according to the

3.2.7. Requirements for assembly the main crane

o 29m x 18m
Lo PP 16m x 12m

+ 19m x 12m
0 88m x 18m

(with fingers of g5

hardstand 3m x 18m + 6m x 18m)
Partial storage

05 et 27m x 44m

(SGRE
standard) + (30m x 44m)/2
— ql
+ 88m x 5m

+ reinforced road part*
O2/06 et dimensions according to the

3.2.7. Requirements for assembly the main crane

*Referred to 3.1.4 Road width

Table 34 Dimensions of the areas of model T101.5m with strategy 3 — Tailing crane offloading
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e Total storage — Assembly in 1 phase

o 88
: Bearing capacity
I
: 2 kg/em2
| [7) 3 kglem2
| (2.5 kg/em2 with
: crane mats)
|
l
I
%= Q2
R
13
| g6 a6
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)
12|
.
|
l
|
ST I
7( _____

Figure 14 Model T101.5m — Total storage assembling with strategy 3 in 1 phase
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e Partial storage — Assembly in 2 phases (SGRE Standard)

)I/ 77777777777777777777777777777777777777 e
I t ¥ 1
: Bearing capacity ! 1 %
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: 7] 3 kglem2 \ 1
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Figure 15 Model T101.5m — Partial storage assembling with strategy 3 in 2 phases
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5.5.4. T101.5m tubular steel tower Hardstand with strategy 4
e Tailing crane offloading T101.5m

Storage
. Width x length
conditions

+ 19m x 12m
Lo L PPN 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

Total Storage o 3 PR 36m x 37m
+ (35m x 37m)/2

-ql

+ 88m x 5m

+ reinforced road part*

Q2106 dimensions according to the

3.2.7. Requirements for assembly the main crane

o 29m x 18m
0 1C 2T 16m x 12m
+ 19m x 12m

0 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

Partial storage | 05 .iiiiiiiuiiiiiiiiiiiiiii 28m x 37m
(SGRE + (35m x 37m)/2
standard) _ql
+ 88m x 5m

+ reinforced road part*

G2/06 et s dimensions according to the

3.2.7. Requirements for assembly the main crane

*Referred to 3.1.4 Road width

Table 35 Dimensions of the areas of model T101.5m with strategy 4 — Tailing crane offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Total storage — Assembly in 1 phase

Bearing capacity

2 kg/lem2

(2.5 kg/em2 with
crane mats)

|
|
|
|
|
| ] 3 kg/em2
|
|
|
|
|
|
|

Figure 16 Model T101.5m — Total storage assembling with strategy 4 in 1 phase
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SIEMENS Gamesa

Product customer documentation
Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

Partial storage — Assembly in 2 phases (SGRE standard)

Bearing capacity [
2 kg/em2
") 3kglem2
(2.5 kg/em?2 with
crane mats)

Figure 17 Model T101.5m — Parcial storage assembling with strategy 4 in 1 phase
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

5.5.5. T115m tubular tower Hardstand with strategy 3

e Tailing crane offloading

Storage
. Width x length
conditions

o 1 2PN 16m x 12m
+ 19m x 12m
0 N 88m x 18m

(with fingers of g5 hardstand 3m x 18m + 6m x 18m)
Total Storage 05 it 34m x 43m
+ (46m x 43m)/2

— q]_

+88m x 5m

+ reinforced road part*

G2/06 et dimensions according to the

3.2.7. Requirements for assembly the main crane

+ 19m x 12m

L0 P 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

Partial storage | (5 iirvrruiiiiiiiiiiiiiii i s 33m x 43m
(SGRE + (36m x 43m)/2
standard) —ql
+ 88m x 5m

+ reinforced road part*

G206 et dimensions according to the

3.2.7. Requirements for assembly the main crane

*Referred to 3.1.4 Road width

Table 36 Dimensions of the areas of model T115m with strategy 3 — Tailing crane offloading
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© Siemens Gamesa Renewable Energy S.A., 2021. All rights reserved. 52/95



Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Total storage — assembly in 1 phase

Bearing capacity

I

: 2 kglem2
| 77 3kglem2
w (2.5 kglem2 with
: crane mats)
I

I

|

I

I

Figure 18 Model T115m — Total storage assembling with strategy 3 in 1 phase
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Partial storage — Assembly in 2 phases (SGRE standard)

# 98 g 36 x 33 -
: — : | I 715, 11
|| Bearing capacity | : ! 4 ) S a ;‘
: 2 kg/em2 : : // : :
|| 7 3kglem2 l 1 ; :
i | (2.5 kglem2 with | | ; 1
: crane mats) \ : / |
: : : // o e e { P~ 43
: : N 1’ 2 A | N\ Lo
: i Y 65 U A 29 A \|
A q Vv A8 M ] \22
: ( q1 U/ | !
13 | [ /I !
i Mg £ £ £ £ 4 cJo - fr-% 1 3
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18"
*

_)'/l

1

Figure 19 Model T115m — Partial storage assembling with strategy 3 in 2 phases
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

5.5.6. T115m tubular steel tower Hardstand with strategy 4

e Tailing crane offloading T115m

Storage
. Width x length
conditions

o 1 2PN 16m x 12m
+ 19m x 12m

0 N 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

Total Storage 6 1 3R 33m x 40m
+ (33m x 40m)/2

— q]_

+ 88m x 5m

+ reinforced road part*

G2/06 et dimensions according to the

3.2.7. Requirements for assembly the main crane

+ 19m x 12m

L0 P 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

Partial storage | (5 iirvrruiiiiiiiiiiiiiii i s 30m x 38m
(SGRE + (31m x 38m)/2
standard) —ql
+ 88m x 5m

+ reinforced road part*

G206 et dimensions according to the

3.2.7. Requirements for assembly the main crane

*Referred to 3.1.4 Road width

Table 37 Dimensions of the areas of model T115m with strategy 4 — Tailing crane offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Total storage — Assembly strategy in 1 phase

” 100,5 B +.33 " 33 5
| | ‘,5 11 v
: Bearing capacity : "T . £ ,Iy -4
| L | |
| 2 kglem2 : B T < : = %
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Figure 20 Model T115m — Total storage assembling with strategy 4 in 1 phase
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Partial storage — Assembly in 2 phases (SGRE standard)

| v | T g8 11,
| Bearing capacity i ! :
: 2 kg/em2 : | 7‘.,,41,
! 7] 3 kglem2 \
: (2.5 kglem2 with :
[ crane mats) |
l
13 g6\ ‘ Q6 \ q6
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: Lo A
12 //;3/
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Figure 21 Model T115m — Partial storage assembling with strategy 4 in 2 phases
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

5.5.7. T135m tubular steel tower Hardstand with strategy 3

e Tailing crane offloading T135m

Storage conditions Width x length ‘

+ 19m x 12m

L0 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

Total Storage 05 50m x 44m
+ (45m x 44m)/2

-ql

+88m x 5m

+ reinforced road part*

G2/06 evveeeiiiiieee e dimensions according to the

3.2.7. Requirements for assembly the main crane

o 1 PP 29m x 18m
01 2P 16m x 12m

+ 19m x 12m
G i 88m x 18m

(with fingers of g5

hardstand 3m x 18m + 6m x 18m)

Partial storage 05 i 41m x 45m
(SGRE standard) + (28m x 45m)/2
— ql

+ 88m x 5m

+ reinforced road part*
G206 eeeeeeee it dimensions according to the

3.2.7. Requirements for assembly the main crane

*Referred to 3.1.4 Road width

Table 38 Dimensions of the areas of model T135m with strategy 3 — Tailing crane offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Total storage — Assembly in 1 phase — STD tower

Bearing capacity

2 kg/em2

(2.5 kg/em2 with
crane mats)

|
|
:
| 77 4kglem2
I
|
|
|

®

N\

[

Figure 22 Model T135m — Total storage assembling with strategy 3 in 1 phase
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Product customer documentation
Generic Site Roads and Hardstands requirments

SIEMENS Gamesa

RENEWABLE ENERGY

o Partial storage — Assembly in 2 phases (SGRE standard) — STD tower

ms. .., .28

Bearing capacity
2 kg/em2

7 4 kglem2
(2.5 kg/em2 with
crane mats)

'
|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
|

- R\ SRS
iy &

41...

-

Figure 23 Model T135m -.Partial storage assembling with strategy 3 in 2 phases
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

5.5.8. T135m tubular steel tower Hardstand with strategy 4
e Tailing crane offloading

Storage Width x length

conditions

+ 19m x 12m
(o L PP 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

Total Storage 05 it 40m x 48m
+ (36m x 48m)/2

-ql

+ 88m x 5m

+ reinforced road part*

Q2106 dimensions according to the

3.2.7. Requirements for assembly the main crane

o 1N 29m x 18m
0 1 2P 16m x 12m
+ 19m x 12m

G4 e e 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

Partial storage | (5 .iiiiiuiiiiiiiiiiiiiiii s 32m x 48m
(SGRE + (36m x 48m)/2
standard) _ql
+ 88m x 5m

+ reinforced road part*

G2/06 ettt dimensions according to the

3.2.7. Requirements for assembly the main crane

*Referred to 3.1.4 Road width

Table 39 Dimensions of the areas of model T135m with strategy 4 — Tailing crane offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Total storage — Assembly in 1 phase — STD tower
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|| (26 kafem2 with !

| I

| I

| I

| I

I I

I I

I I

|

1
1
1
1
1
1
1
l
crane mats) :
1
1
1
1
1
1
1
]
1

LL;;l 6| T T

Figure 24 Model T135m — Total storage assembling with strategy 4 in 1 phase
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Partial storage — Assembly in 2 phases (SGRE standard) — STD tower

Figure 25 Model T135m -.Partial storage assembling with strategy 4 in 2 phases
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

5.5.9. T145m steel tower Hardstand with strategy 3
e Tailing crane offloading

Storage
. Width x length
conditions

+ 19m x 12m
(o L PP 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

Total Storage 6 1 3R 60m x 51m
+ (38m x 51m)/2

-ql

+88m x 5m

+ reinforced road part*

Q2106 dimensions according to the

3.2.7. Requirements for assembly the main crane

o 1N 34m x 23m
0 1 2P 16m x 12m
+ 19m x 12m

G4 e e 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

Partial storage | (5 .iiiiiuiiiiiiiiiiiiiiii s 47m x 52m
(SGRE + (44m x 52m)/2
standard) _ql
+ 88m x 5m

+ reinforced road part*

G2/06 ettt dimensions according to the

3.2.7. Requirements for assembly the main crane

*Referred to 3.1.4 Road width

Table 40 Dimensions of the areas of model T145m with strategy 3 — Tailing crane offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Total storage — Assembly in 1 phase — STD tower
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Figure 26 Model T145m — Total storage assembling with strategy 3 in 1 phase
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Partial storage — Assembly in 2 phases (SGRE standard) — STD tower

,‘___________________1Q5_,3_ _____________ P - 44 Hemmmes 47 . #
1 I H | 6.
: Bearing capacity i | | 'T o "
i 2 kglem2 d | |
1
} [7] 5 kglem2 1 : |
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Figure 27 Model T145m -.Partial storage assembling with strategy 3 in 2 phases
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

5.5.10. T145m tubular steel tower Hardstand with strategy 4
e Tailing crane offloading

Storage
. Width x length
conditions

+ 19m x 12m
(o L PP 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

Total Storage 6 1 3R 41m x 49m
+ (36m x 49m)/2

-ql

+ 88m x 5m

+ reinforced road part*

Q2106 dimensions according to the

3.2.7. Requirements for assembly the main crane

o 1N 34m x 23m
0 1 2P 16m x 12m
+ 19m x 12m

G4 e e 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

Partial storage | (5 .iiiiiuiiiiiiiiiiiiiiii s 39m x 49m
(SGRE + (41m x 49m)/2
standard) _ql
+ 88m x 5m

+ reinforced road part*

G2/06 ettt dimensions according to the

3.2.7. Requirements for assembly the main crane

*Referred to 3.1.4 Road width

Table 41 Dimensions of the areas of model T145m with strategy 4 — Tailing crane offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Total storage — Assembly in 1 phase — STD tower

Bearing capacity
2 kgfem2
7] & kglem2
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I

1
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Figure 28 Model T145m — Total storage assembling with strategy 4 in 1 phase
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Partial storage — Assembly in 2 phases (SGRE standard) — STD tower
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Figure 29 Model T145m -.Partial storage assembling with strategy 4 in 2 phases
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

5.5.11. T155m tubular steel tower Hardstand with strategy 3

e Tailing crane offloading

Storage
Width x length

conditions

o X 34m x 23m
Lo PP 16m x 12m

+ 19m x 12m

(with fingers of g5 hardstand 3m x 18m + 6m x 18m)
Total Storage 05 it 51m x 51m
+ (38m x 51m)/2

-ql

+ 88m x 5m

+ reinforced road part*

Q2106 dimensions according to the

3.2.7. Requirements for assembly the main crane

o 1N 34m x 23m
0 1 2P 16m x 12m
+ 19m x 12m

G4 e e 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

Partial storage | (5 .iiiiiuiiiiiiiiiiiiiiii s 53m x 46m
(SGRE + (38m x 56m)/2
standard) _ql
+ 88m x 5m

+ reinforced road part*

G2/06 ettt dimensions according to the

3.2.7. Requirements for assembly the main crane

*Referred to 3.1.4 Road width

Table 42 Dimensions of the areas of model T155m with strategy 3 — Tailing crane offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Total storage — Assembly in 1 phase — STD tower

Bearing capacity
2 kgfem2
7] 5 kgfem2

(25 kgfem2 with
crane mats)

.

Figure 30 Model T155m — Total storage assembling with strategy 3 in 1 phase
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Partial storage — Assembly in 2 phases (SGRE standard) — STD tower

L M. T 53 . p
Bearing capacity } {_6_ ke
2 kglem2 ! { _________ *
7] 5 kgfcm2 : ) 5, 11 y
(2.6 kg/cm2 with :
1

crane mats)
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Figure 31 Model T155m -.Partial storage assembling with strategy 3 in 2 phases
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

5.5.12. T155m tubular steel tower Hardstand with strategy 4
o Tailing crane offloading

Storage conditions Width x length ‘

+ 19m x 12m

Lo L PN 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

Total Storage 05 41m x 49m
+ (36m x 49m)/2

-ql

+ 88m x 5m

+ reinforced road part*

(0 122 o N dimensions according to the

3.2.7. Requirements for assembly the main crane

o 1 PSPPI 26m x 22m
01 2PN 16m x 12m
+ 19m x 12m

G i 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

05 it e 41m x 49m
+ (36m x 49m)/2

-ql

+ 88m x 5m

Partial storage
(SGRE standard)

+ reinforced road part*
O2/06 .. dimensions according to the

3.2.7. Requirements for assembly the main crane

*Referred to 3.1.4 Road width

Table 43 Dimensions of the areas of model T155m with strategy 4 — Tailing crane offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Total storage — Assembly in 1 phase — STD tower
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Figure 32 Model T155m — Total storage assembling with strategy 4 in 1 phase
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Partial storage — Assembly in 2 phases (SGRE standard) — STD tower
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Figure 33 Model T155m -.Partial storage assembling with strategy 4 in 2 phases
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

5.5.13. T165m MB - WT tubular steel tower Hardstand with strategy 3
e Tailing crane offloading

Storage
. Width x length
conditions

+ 19m x 12m

Lo L PSP 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

o | PP 59m x 50m
+ (18m x 50m)/2

+ 8m x 10m

-ql

+ 88m x 5m

Total Storage

+ reinforced road part*
O2/06 et dimensions according to the

3.2.7. Requirements for assembly the main crane

+ 19m x 12m
0 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)
Lo | PP 53m x 42m

Partial storage
+ (14m x 42m)/2

(SGRE

standard) + 8m x 10m
— ql
+ 88m x 5m
+ reinforced road part*
O2/06 et dimensions according to the

3.2.7. Requirements for assembly the main crane

*Referred to 3.1.4 Road width

Table 44 Dimensions of the areas of model T165m MB — WT with strategy 3 — Tailing crane offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Total storage — Assembly in 1 phase

18 59 ¢
7 LS 1
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B 2 xgiem2 /
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Figure 34 Model T165m MB — WT — Total storage assembling with strategy 3 in 1 phase
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Product customer documentation

Generic Site Roads and Hardstands requirments

SIEMENS Gamesa

RENEWABLE ENERGY

e Partial storage — Assembly in 2 phases (SGRE standard)

Bearing capacity |
B 2 kgiem2

B 3 kgfem2
(2 kgfem2 with 5
crane mats) q
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Figure 35 Model T165m MB — WT — Partial storage assembling with strategy 3 in 2 phases
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

5.5.14. T165m MB — WT tubular steel tower Hardstand with strategy 4
o Tailing crane offloading

Storage
" Width x length
conditions

01 N 16m x 12m
+ 19m x 12m

(o PPN 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

Lo S PPN 70m x 50m
+ (25m x 50m)/2

+ 8m x 10m

-ql

+ 88m x 5m

Total Storage

+ reinforced road part*
G2/06 e dimensions according to the

3.2.7. Requirements for assembly the main crane

o 33m x 28m

0 1C 2T 16m x 12m

+ 19m x 12m

G o 88m x 18m

(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

(o S PPN 51m x 50m

Partial storage + (29m x 50m),2
(SGRE

standard) +8m x 10m

-ql

+ 88m x 5m

+ reinforced road part*

Q2106 - dimensions according to the

3.2.7. Requirements for assembly the main crane

*Referred to 3.1.4 Road width

Table 45 Dimensions of the areas of model T165m MB — WT with strategy 4 — Tailing crane offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Total storage — Assembly in 1phase

Bearing capacity
2 Kgfem2
7] & kgicm2

(2.5 kg/em2 with
crane mats)

/
(7 \ ; >

placement for SL ballast (415t0.)

e

Lli[ [ 1P T

Figure 36 Model T165m MB — WT — Total storage assembling with strategy 4 in 1 phase
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Partial storage — Assembly in 2 phases (SGRE standard)

Bsaring capacly
2 kglem2

1

1

!

i

: 7] & kglem2
H (2.6 kg/em2 with
1

1

1

1

1

i

i

crane mats)

I.»!Li <. [ T2 [T _11 | Ill'{lll
L A  — B
= e
e —— —
—_— \\

piacement for SL ballast (416to.)

Figure 37 Model T165m MB — WT — Partial storage assembling with strategy 4 in 2 phases
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

5.5.15. JIT storage tubular steel tower Hardstand

e Tailing crane offloading

Storage
Width x length
conditions

o 1 2 P 16m x 12m
+ 19m x 12m

100 Q2 ettt 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

05 et 35m x 44m
+ (30m x 44m)/2

135 -ql
+ 88m x 5m

101.5

JIT 115

**

+ reinforced road part*
G2/06 et dimensions according to the

3.2.7. Requirements for assembly the main crane

L0 1 2 TR 16m x 12m
+ 19m x 12m

o N 88m x 18m
(with fingers of g5 hardstand 3m x 18m + 6m x 18m)

145 o | N 35m x 44m
+ (30m x 44m)/2
-ql

+ 88m x 5m

ur
155

+ reinforced road part*
G2/06 e dimensions according to the

............................. 3.2.7. Requirements for assembly the main crane

*Referred to 3.1.4 Road width

** The required dimensions for SE&A JIT hardstands tower height T115m and T135m can be found in
document reference INS-62237 Site JIT hardstands in SE&A wind farms.

Table 46 Dimensions of the areas of JIT storage — Tailing crane offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Total storage — Assembly in 1 phase

Bearing capacity
2 kglem2

] Consuit3.2.2.
Bearing capacity
kg/em2
(2.5 kg/em2 with
crane mats)

pessible placement for

nacelle roof needed Sceaffolding

\pifen |
|
P
—
b
L

=
L

i

Y
A
A

Figure 38 JIT storage reference hardstand
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

5.5.16. T100m tubular steel tower Hardstand with strategy 4 — Self offloading**

c:::'i:?;s Width x length
o 1 PP 50m x 20m
+3m x 15m
o PP 2 X 6m x 6m
o PP 20m x 12m
Lo PP 88m x 20m
Partial storage (with fingers of g5 hardstand 3m x 20m + 6m x 20m)

(SGREStaNdard) | g5 ...t e e sttt e e et e b e srears 91m x 10m

+ 32m x 5m + 5m x 5m

+ reinforced road part*

*Referred to 3.1.4 Road width

** This hardstand is available for specific Regions, consult with SGRE if your Region is considered in this group.

Table 47 Dimensions of the areas of model T100m with strategy 4 — Self offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Partial storage — Assembly in 2 phases (SGRE standard)

Bearing capacity
o 10, 40
7] 3kglem2 T 3 ’:QT
(2.5 kg/cm2 with ! '8 14
crane mats) : . 7}/7, . jr’ I . s
[ - q 8 :
P

Figure 39 Model T100m — Partial storage assembling with strategy 4 in 2 phases — Self offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

5.5.17. T115m tubular steel tower Hardstand with strategy 4 — Self offloading**

c::;::iis Width x length
o 1 PP 50m x 20m
+3m x 15m
o PPN 2 X 6m x 6m
01 2PN 20m x 12m
Lo PP 88m x 20m
Partial storage (with fingers of g5 hardstand 3m x 20m + 6m x 20m)

(SGREStandard) | g5 ...ttt re e e 103m x 10m

+ 32m x 5m + 5m x 5m
+ reinforced road part*
06 ceererri e s 2x(12Zmx 11m + 7m x 11m/ 2)
Q7 et e 40m x 12m

*Referred to 3.1.4 Road width

** This hardstand is available for specific Regions, consult with SGRE if your Region is considered in this group

Table 48 Dimensions of the areas of model T115m with strategy 4 — Self offloading
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Product customer documentation
Generic Site Roads and Hardstands requirments

SIEMENS Gamesa

RENEWABLE ENERGY

Partial storage — Assembly in 2 phases (SGRE standard)

Bearing capacity

10 40
) 3 kglem2 7"(___)\‘ )3)‘
(2.5 kg/em2 with ! !
1
1

crane mats)

Figure 40 Model T115m — Partial storage assembling with strategy 4 in 2 phases — Self offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

5.5.18. T135m tubular steel tower Hardstand with strategy 4 — Self offloading**

c::;::iiis Width x length
o 1 50m x 20m
+3m X 15m
o PPN 2 X 6m x 6m
01 2 PR 20m x 12m
Lo PP 88m x 20m
Partial storage (with fingers of g5 hardstand 3m x 20m + 6m x 20m)

(SGREStandard) | 5 ... e e r s 103m x 11m

+ 32m x 5m + 5m x 5m
+ reinforced road part*
(o YU 2x(12Zmx 11m + 7m x 11m / 2)
Q7 et e 40m x 12m

*Referred to 3.1.4 Road width

** This hardstand is available for specific Regions, consult with SGRE if your Region is considered in this group

Table 49 Dimensions of the areas of model T135m with strategy 4 — Self offloading
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Product customer documentation

SIEMENS Gamesa
Generic Site Roads and Hardstands requirments

RENEWABLE ENERGY

Partial storage — Assembly in 2 phases (SGRE standard)

Bearing capacity

A0, ... 40 .

] 4kglem2 ¥ ¥ *3}(
(2.5 kg/em2 with

crane mats)

Figure 41 Model T135m — Partial storage assembling with strategy 4 in 2 phases — Self offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

5.5.19. T145m tubular steel tower Hardstand with strategy 4 — Self offloading**

c:::::iiis Width x length
o 1 50m x 20m
+3m X 15m
o PPN 3 x6m x m
01 2 PR 20m x 12m
Lo PP 88m x 22m
Partial storage (with fingers of g5 hardstand 3m x 22m + 6m x 22m)

(SGREStandard) | g5 ... s b 88m x 20m

+ 39m x 5m + 5m x 5m
+ reinforced road part*
(o YU 3x(12Zmx 11lm + 7m x 11m/ 2)
Q7 et e 40m x 12m

*Referred to 3.1.4 Road width

** This hardstand is available for specific Regions, consult with SGRE if your Region is considered in this group

Table 50 Dimensions of the areas of model T145m with strategy 4 — Self offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Partial storage — Assembly in 2 phases (SGRE standard)

Bearing capacity
7] skgem2
(2.5 kglem2 with 141 B 40 03,8 .14 , 14 5,
‘ 7 [E
= ) 7 ‘ T ’ i
11 g q2 ‘ | q2 | q2 | Vo
R W et s : @ 9 | 20
9 L b Lo e P
a————-— e Y T [ A A A WA A A A A S S VA VA A 4 S F—%
| | ' | 1 ' | » | 1 |
1 ) | ' | | ' | 1 ' [
! 1 | I 1 1 ! I ¥ 1 1 Il
Lo 1 - | Do a4 o | 22
. i - i - i | -
' 1 | ! | 1 ' | ] | 1 !
Lo Lo Lo o Lo LT
B AN PR Sy A P Rl 7 By A PR T- S o S 50 T B A A B

Figure 42 Model T145m — Partial storage assembling with strategy 4 in 2 phases — Self offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

5.5.20. T155m tubular steel tower Hardstand with strategy 4 — Self offloading**

c::;::iis Width x length
o 1 PP 50m x 20m
+3m x 15m
o PPN 3 x6m x m
01 2PN 16m x 21m
Lo PP 88m x 22m
Partial storage (with fingers of g5 hardstand 3m x 22m + 6m x 22m)

(SGRE standard) a5

+ 39m x 5m + 5m x 5m
+ reinforced road part*
06 ceererri e s 3x(12Zmx 11m + 7m x 11m/ 2)
Q7 et e 40m x 12m

*Referred to 3.1.4 Road width

** This hardstand is available for specific Regions, consult with SGRE if your Region is considered in this group

Table 51 Dimensions of the areas of model T155m with strategy 4 — Self offloading
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RENEWABLE ENERGY

Partial storage — Assembly in 2 phases (SGRE standard)

Bearing capacity

7] 5 kglem2

Dy

_14 _, 14

(2.5 kg/em2 with

Fan

A

FTFII T

28

e

TR

~ N

I

Figure 43 Model T155m — Partial storage assembling with strategy 4 in 2 phases — Self offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

5.5.21. T165m MB tubular steel tower Hardstand with strategy 4 — Self offloading**

Storage .
conditions Width x length

o 1 PP 57m x 38m
o PP 2 X 6m x 6m
01 2 PR 20m x 12m
Lo TP 88m x 22m
(with fingers of g5 hardstand 3m x 22m + 6m x 22m)

Partial storage
(SGRE standard) (o ST 88m x 10m

+ 32m x 5m + 5m x 5m
+ reinforced road part*
06 ceererri e s 3x(12Zmx 11m + 7m x 11m/ 2)
o 72T 39m x 13m

*Referred to 3.1.4 Road width

** This hardstand is available for specific Regions, consult with SGRE if your Region is considered in this group

Table 52 Dimensions of the areas of model T165m MB with strategy 4 — Self offloading
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Product customer documentation SIEMENS Gamesa

Generic Site Roads and Hardstands requirments RENEWABLE ENERGY

e Partial storage — Assembly in 2 phases (SGRE standard)

Bearing capacity

I
I
i
I
: 2kg
1183 sxgemz- -
| (2.5 kg/em2 with
4
i
I
I
I
I
I
I
I
i

-] ~crane mats) — ~

Firgure”44 Model T165m MB — Partial storage assembling with strategy 4 in 2 phases — Self
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