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FOREWORD 

The document is drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 

The document is under the jurisdiction of Goldwind Science & Technology Co., Ltd. (hereinafter 

referred to as Goldwind) and applies to Goldwind and its subsidiaries. 

The document is prepared by the International Product Line of Product and Solutions Center and GWI 

Solution Team. 

Main drafters of the document: Yang Liwen,  

The technology content of this document is identical to GW-24CP.0022 Edition D. 
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The Specifications of GWH182-7.5MW (boosting mode to 

7.7MW) Wind turbine 

1 Scope 

This document specifies the specifications for Goldwind GWH182-7.5MW (boosting mode to 7.7MW) 

wind turbine. 

This document is applicable to Goldwind GWH182-7.5MW (boosting mode to 7.7MW) wind turbine. 

2 Overview 

2.1 General introduction 

Like the Goldwind GWH182-5.3/6.2/7.2/7.5 wind turbine, GWH182-7.5MW (boosting mode to 7.7MW) 

features horizontal axis, three blades, upwind rotor, variable-speed variable-pitch regulation, medium 

speed drive train, and full-power converter. Goldwind GWH182-7.5MW (boosting mode to 7.7MW) 

wind turbine is the third generation of the product route of medium speed and permanent magnet and 

features excellent power generation performance, high reliability, grid friendliness, and high 

adaptability. The wind turbine is also highly deliverable based on its modular design and the mature 

global supply chain of wind turbine components. 

 

H: Hub height; Φ: Rotor diameter 

Figure 1 – Overall structure of wind turbine 
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The wind turbine is composed of blade subsystem, pitch subsystem, hub subsystem, drivetrain and 

generator subsystem, nacelle subsystem, yaw subsystem, power conversion subsystem, control and 

power supply subsystem, tower and foundation subsystem, and auxiliary subsystem. 

 

Figure 2 – Schematic diagram of structure of GWH182-5.3/6.2/7.2/7.5/7.7 wind turbine 

2.2 Technical characteristics 

Same as GWH182-5.3/6.2/7.2/7.5 wind turbine, GWH182-7.5MW (boosting mode to 7.7MW) is a new 

product of Goldwind medium speed permanent magnet technical route. Its technical characteristics 

are as follows: 

a) Excellent power generation performance: The wind turbine can make sure that the power at grid 

point of the wind turbine satisfies the requirements of the designed power curve. 

1) Wind energy absorption: The wind turbine can make sure that the blade design satisfies the 

requirement of maximum wind energy absorption on the condition that the wind turbine is safe. 

2) Electrical energy conversion: The wind turbine can satisfy the mechanical and electrical 

efficiency requirements. 

3) Pitch control: The wind turbine can satisfy the maximum wind energy absorption and variable 

speed control requirements. 

4) Yaw control: The wind turbine can satisfy the requirement of maximum wind energy absorption 

when wind direction changes. 

b) Safety and reliability: The wind turbine can ensure wind turbine structure safety and design life. 

1) Structure safety: The wind turbine can bear the ultimate load of the wind turbine and satisfy 

the load transmission requirement. 

2) Design reliability: The wind turbine can bear the fatigue load and satisfy the design life 

requirement. 

3) Control safety: The wind turbine can satisfy the shutdown protection requirement under various 

operating conditions. 
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4) Lightning protection: The wind turbine can satisfy the requirements for lightning protection and 

EMC interference immunity. 

5) Personnel safety: The wind turbine can satisfy the protection requirements for the situations 

that can affect personnel safety such as fire, first aid, working at height, and electric shock. 

c) Grid friendliness: The wind turbine can make sure that it satisfies the grid adaptability requirement 

and that grid-connection transmission is realized within the specified range of the grid. 

1) Grid adaptability: The wind turbine can bear voltage and frequency fluctuation and satisfy the 

grid requirements for active and reactive power as well as frequency adjustment and response. 

2) Voltage ride through: The wind turbine can bear the effect of transient voltage and satisfy the 

requirements for low voltage and high voltage ride through. 

d) Environmental friendliness: The wind turbine can make sure that it satisfies the environmental 

adaptability requirement and that it realizes power generation and runs under the designed 

ambient conditions. 

1) Sealing function: The wind turbine can satisfy the requirements for wind turbine sealing and 

environmental protection. 

2) Noise control: The wind turbine can satisfy the environmental noise requirement. 

3) Environmental control: The wind turbine can satisfy the requirements for wind turbine 

temperature, humidity, and salt mist control. 

4) Environmental protection: The wind turbine can satisfy the requirements in terms of 

environment pollution and ecological protection. 

2.3 WindMasterTM Platform 

WindMasterTM is a wind farm control system, which, based on the wind-farm-level global coordinated 

control principle, provides a solution platform for intelligent diagnosis, analysis, and optimization of the 

performance of wind turbines in their full life cycle.  

With WindMasterTM applied in the wind farm, the Goldwind wind turbine can dynamically adjust 

important control parameters according to the operating environment (temperature, air density, 

turbulence intensity, and so on) to make full use of the wind energy resources at its location, so as to 

improve the energy production of the wind farm. Meanwhile, WindMasterTM schedules and manages 

the service life of wind turbines by means of health diagnosis, fault early warning, and service life 

monitoring, which helps wind turbines realize their full energy production potential, provides strong 

support for the value appreciation of wind farm assets, and ensures optimum economic benefits in the 

full life cycle of the wind farm, on the premise of ensuring the reliability of wind turbines and service 

life of key components.  

The typical hardware topology of the Goldwind wind turbine equipped with WindMasterTM is shown in 

the following figure. Flagship wind turbines are special wind turbines selected according to the 

specified design requirements in some specific applications (such as wake control). Two typical smart 

sensors, LiDAR and load sensors as shown in the figure, are installed in such flagship wind turbines 

to measure the wind information in front of the rotor and the load data at important positions along the 
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load path of the wind turbine. In addition, the "satellite positioning and orientation" sensor shown in 

the figure can help the wind turbine automatically identify the true north direction and collect the GPS 

coordinates, which is also used in specific supporting projects to further enrich the digital information 

dimensions of the wind turbine. 

 

Figure 3 – Hardware topology of the Goldwind wind turbine equipped with WindMasterTM 

The design of WindMasterTM has fully considered the network security requirements. When used in 

conjunction with the Goldwind wind turbine, it does not cause any additional network security risks. 

The two key products used by the unit are as follows: 

1) LAC 

E-Farm LAC (LiDAR Assisted Control) is an advanced intelligent wind turbine control technology. With 

a mature LiDAR sensor, it is capable of wind detection in advance and intelligent control through 

intelligent control algorithm as well as analysis and prediction technology, thus reducing the adverse 

impact of the uncertainty and pulsation of wind on the wind turbine. This allows the operation of the 

wind turbine to perfectly match the changes of wind, enhances the competitiveness of the wind turbine 

from such aspects as loads, energy production, and stability, and improves the investment returns of 

wind power project. 

The core of E-Farm LAC is the intelligent wind turbine control technology. Different from traditional 

wind turbines, which can detect the wind energy and wind load only after the wind reaches the rotor, 

LAC equips wind turbine with smart "brain" and "eyes", so that it can precisely capture such wind 

information as wind speed and wind direction as well as their changes in front of the wind turbine in 

advance. The information is introduced into the wind turbine control system and enables the wind 

turbine to detect complex wind conditions in advance and to take optimal actions through intelligent 

control. This kind of "going with the wind" can reduce the loads of wind turbine, optimize energy 

production, and improve the stability and adaptability of wind turbine under severe wind conditions. 
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2) Goldwind Site-Tailor 

With the integrated design, the components of the Goldwind Wind turbine can collaborate during 

operation to dynamically adjust the output power based on the dispatch of grid, external conditions, 

achieving Site-Tailor.  

Goldwind Site-Tailor can make the Goldwind Wind turbine to obtain more energy production than other 

models with systematic design and detailed development of dynamic power regulation; also, when 

operation at full power is not possible due to external conditions or faults occur, wind turbine does not 

need to stop and can keep running with the best capacity in the de-rating mode. 

Goldwind Site-Tailor is based on a series of control technologies, such as operation with decreased 

capacity at noise reduction mode, at special wind and geographical conditions, at high temperature, 

and upon faulty components as well as optimal energy production control based on the health 

conditions of wind turbine. 

Coordination and communication can be conducted among wind turbines through wind farm cluster 

control, reducing power loss caused by mutual influence of wind turbines under different wind 

conditions. Meanwhile, the cluster control system can ensure an optimal energy production of the wind 

farm by monitoring each wind turbine’s status and coordinating their operation. The wind turbine does 

not focus on its own energy production only. Instead, the wind turbines of the wind farm work as a 

team via cluster control. That is, when de-rating is needed by or faults occur to some wind turbines, 

the other wind turbines can adjust their operation to compensate for the power loss caused by the 

aforesaid wind turbines to the wind farm, realize the customization of the measuring wind farm. 

3 Introduction of main components of wind turbine 

3.1 Blade assembly 

As the core component of the wind turbine for capturing wind energy, the blade assembly is mainly 

composed of blades and their functional accessories. 

The blades are composed of polymer resin, fiber, adhesive, and core materials, which can absorb 

wind energy and convert the wind energy into mechanical energy. The blade airfoil is designed to get 

high lift-to-drag ratio, high Cp aero-performance, and minimum aerodynamic load. The blade structure 

can achieve optimal balance between power production and load through comprehensive design and 

analysis on the blade load and the overall wind turbine load. 
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Figure 4 – Schematic diagram of blade 

3.2 Hub assembly 

The hub assembly connects the blades and the drive train and transmits load from the former to the 

latter. The hub assembly adopts a combination design of star structure and spherical structure and is 

mainly composed of hub, pitch system, pitch bearing, and steel structure support. 

 

Figure 5 – Schematic diagram of hub assembly 

3.2.1 Hub 

The hub transmits the mechanical energy transmitted and converted by the blades and pitch system 

to the main shaft system and also provides support and protection for pitch bearing, pitch box, and 

other components. The hub is designed by using the method of topology optimization and cast from 

ductile iron with excellent performance.  
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Figure 6 – Schematic diagram of hub 

3.2.2 Pitch system 

The pitch system is used to control the wind turbine power and safely stop the wind turbine. The pitch 

system adopts electric gear pitch system and is mainly composed of pitch box, pitch motor, pitch drive, 

pitch bearing, and pitch tooth flank lubrication system. 

 

Figure 7 – Schematic diagram of pitch system 

The pitch box drives the pitch motor to adjust the blade pitch angle. The pitch box is mainly composed 

of pitch controller, servo drive, and ultra-capacitor backup power. 

The pitch motor drives the gearbox and the gear to adjust blade position. Each blade is separately 

controlled by a pitch motor. The pitch motor is mainly composed of pitch motor and resolver. 
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The pitch drive transmits the mechanical energy of the pitch motor to the pitch bearing to provide 

blades with driving force and braking force to adjust blade pitch angle. The pitch drive is mainly 

composed of pitch bearing, gearbox, and blade lock. 

The pitch tooth flank lubrication system transmits grease to each lubrication point on the tooth flank of 

gear ring of the pitch bearing, increases grease pressure at the outlet of the lubrication pump, and 

also monitors the lowest liquid level, clogging, and leakage of the lubrication pump. 

3.3 Drive train assembly 

The drive train assembly converts the rotational speed and torque of the mechanical energy 

transmitted from the blades. Also, it transmits the bending moment, thrust, and other non-effective 

load of the rotor to the base and enables braking and rotor locking for the maintenance of the rotor 

and the drive train. The drive train assembly is mainly composed of main shaft system, gearbox, 

generator, cooling system, and brake. 

 

Figure 8 – Schematic diagram of drive train assembly 

3.3.1 Main shaft system 

The main shaft system supports the whole drive train, transmits torque, and transmits mechanical 

energy to the gearbox. The main shaft system is mainly composed of front bearing, rear bearing, main 

shaft, and bearing housing. The main shaft system adopts the 2-point support design that relies on 

two tapered roller bearings. The bearing housing is connected to the base through bolts. The main 

shaft system is connected to the hub and gearbox also through bolts. 
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Figure 9 – Schematic diagram of structure of main shaft system 

3.3.2 Gearbox 

The gearbox converts the mechanical energy with low rotational speed and high torque into the 

mechanical energy with high rotational speed and low torque. The gearbox is of multi-stage planetary 

structure and of highly integrated design of the medium speed permanent magnet generator and the 

gearbox, which significantly reduces the axial size of the generator and the gearbox, and makes the 

overall drive structure more compact, the space occupation smaller, and the drive connection more 

reasonable. 

 

Figure 10 – Schematic diagram of gearbox 

The gearbox lubrication system lubricates the internal gears and bearings of the gearbox, controls the 

temperature rise in the gearbox, and exchanges heat with the gearbox cooling system. 

Main shaft 
side 

Rotor 
side 
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Figure 11 – Schematic diagram of gearbox lubrication system 

The gearbox cooling system adopts oil-to-air cooling to exchange heat by using the external oil-to-air 

heat exchanger which uses the forced air-cooling system to dissipate heat into air. 

 

Figure 12 – Schematic diagram of gearbox cooling 

3.3.3 Generator 

The generator converts rotational speed and torque into electrical energy, transmits the electrical 

energy to the power conversion system, and provides braking force to the drivetrain and the hub 

system. The generator is designed to be integrated with the gearbox. The cover of the high-speed end 

of the gearbox is integrated with the front cover of the generator. The generator stator is a 6-phase 

winding, and the rotor is a magnetic pole box structure with built-in magnetic steel. The core of the 

stator features the skewed slot structure. The generator features high working efficiency as well as 

excellent performance and economic indicators. 

Cold oil

Hot oil
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Figure 13 – Schematic diagram of generator 

The forced air cooling is adopted for the generator to extract clean cool air outside the nacelle by using 

the centrifugal fan. The cool air enters into the generator and exchanges heat with the heating 

components such as winding and core, and then exhausts hot air out of the nacelle via the air duct. 

3.3.4 Brake 

The mechanical brake brakes the rotor through building up pressure and releases the rotor through 

reducing the pressure by using the hydraulic system. During the maintenance of the hub system and 

drivetrain, the mechanical brake is used in conjunction with the rotor lock to lock the rotor. 

3.4 Nacelle assembly 

The nacelle assembly is located on the top of the tower to support the drive train assembly and other 

components inside the nacelle and to provide protection for the components in the nacelle. The nacelle 

assembly is mainly composed of yaw system, nacelle structure, nacelle cover, and nacelle 

maintenance module. 

3.4.1 Yaw system 

The yaw system is used to yaw to align with the wind or untwist cables. The yaw system is installed 

on the bottom of the nacelle assembly and is connected to the flange on the top of the tower through 

bolts. The yaw system is mainly composed of yaw drive, yaw brake, yaw lubrication, and yaw position 

measurement. 
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Figure 14 – Schematic diagram of structure of yaw system 

The yaw drive mechanism drives the nacelle to a position and keeps the nacelle stable. The yaw drive 

mechanism is mainly composed of yaw drive, yaw gear ring, yaw caliper, pad, yaw bearing, and yaw 

brake disc. The yaw drive uses the multi-stage motor with good torque performance. The 

electromagnetic brake located on the drive shaft of the yaw motor can brake the wind turbine when 

aligning with the wind is performed and can provide fail-safe protection. The yaw bearing is a sliding 

bearing and features a simple overall structure, stable operation, and strong impact load resistance. 

The yaw lubrication system provides lubrication for yaw gear and pad. The yaw lubrication system is 

mainly composed of lubrication gear, oil tube, clamp, support, lubrication pump, and distributor. 

3.4.2 Nacelle structure 

The nacelle base supports the drive train assembly and transmits load to the top flange of the tower. 

The nacelle main platform provides support and protection for related devices and cabinets in the 

cabinet and provides platforms required by the operation and maintenance. The nacelle main platform 

is mainly composed of front platform, rear platform, hoist hatch, and door frame. 
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Figure 15 – Schematic diagram of structure of nacelle 

3.4.3 Nacelle cover 

The nacelle cover provides protection for all components in the nacelle. Designed with several 

sections, the nacelle cover adopts dynamic seal with the hub and uses labyrinth seal. The transitional 

seal ring is provided between the front edge of the nacelle cover and the hub, and the brush is installed 

in the clearance to reduce the assembly clearance. The nacelle cover adopts dynamic seal with the 

tower and uses the mature rubber strip for sealing. 

An emergency escape opening is provided at the tail of the nacelle cover for emergency escape. 

 

Figure 16 – Schematic diagram of nacelle cover 
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3.5 Tower assembly 

The tower assembly supports the rotor and nacelle, and also provides maintenance access to the 

nacelle for the operator. The design of tower is often customized by considering the specific wind 

resource conditions of the wind farm. 

The tower base features single-layer design, with converter and main control cabinet on the electrical 

control cabinet platform at the tower base, and the lift is on the platform of the same floor to facilitate 

maintenance. 

 

Figure 17 – Schematic diagram of layout of steel tower base 

For the tower top, the collector ring technology is used to completely solve the problem of power cable 

twist. The collector ring design shortens the cable length at the cable twist section and reduces the 

accessories related to cable twist, which is more conducive to the heat dissipation of cables and 

features better overall performance and safety performance. The collector ring technology also 

reduces the distance from the lift arriving platform to the nacelle, lengthens the moving track of the lift, 

and shortens the climbing height of the maintenance personnel, which is more conducive to the 

maintenance efficiency and safety. 
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Figure 18 – Schematic diagram of layout of top tower section 

3.6 Power conversion system 

The power conversion system adjusts voltage and frequency of the electrical energy from the 

generator, and transmits the electrical energy to the grid system. The power conversion system is 

mainly composed of converter, power cable, and step-up transformer. 

 

Figure 19 – Schematic diagram of power conversion system 

3.6.1 Converter 

The converter converts the alternating current from the generator into the alternating current meeting 

the grid connection requirement, and then feeds the alternating current to the grid. The converter also 

provides strong magnetism, weak magnetism, dehumidification, short circuit protection, and other 

functions for the generator. The 3-level full-power converter is used, which features excellent high and 
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low voltage ride through, high electrical energy quality, and good grid compatibility. 

 

Figure 20 – Schematic diagram of topology of 3-level converter 

The cooling system of the converter cooling module uses the cooling medium of which the constant 

pressure and speed are driven by water pump to flow through the heatsink of power components of 

the converter and the water-to-air heat exchanger in the cabinet, thus carrying and discharge the heat 

into the air by using the external radiator through heat exchange with the air. The cooling system of 

the converter cooling module is mainly composed of water cooling pump, head tank, external radiator, 

connecting tube, and tube fixtures. 

 

Figure 21 – Schematic diagram of converter cooling module 

3.6.2 Power cable 

The generator-side power cable on the nacelle and tower is the special cable for wind turbine power 

generation, and it provides electrical connection between the generator and the converter. It is 

resistant to oil, ultraviolet rays, ozone, and fire, and it meets the requirements of relevant code for 

design of cables of electric power engineering. 

3.7 Control system 

The control system collects the information of the wind turbines and their work environment to protect 

and adjust the wind turbines and to keep them within the specified range. If the setting value of the 

control system is triggered, the control actuator performs the stop action. Substations of the main 

control system are distributed inside the tower, nacelle, and hub and connected through the bus. When 
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communication faults occur in the bus, faulty components automatically switch to the safe state. The 

control system sends stop commands to the actuators, enabling the wind turbine to stop safely. 

The operating states of the wind turbine include initialization, stopping, standstill, standby, run-up, 

power production, and service. 

 

Figure 22 – Schematic diagram of transition between main wind turbine states 

The main states of the wind turbine and their functions are as follows: 

a) Initialization: Action parameters and control parameters under the specified directory are read. 

b) Stopping: The blades change to the maximum position, and the rotational speed of the generator 

drops. 

c) Standstill: The blades are stopped at the maximum angle, and the wind turbine has no active 

power output. 

d) Standby: The blades are stopped at the set position to wait for rotor speed increase. 

e) Run-up: The blades change to the minimum angle, and the rotor speed increases rapidly. 

f) Power production: The wind turbine outputs power. 

g) Service: The wind turbine is stopped by manual intervention for the purpose of wind turbine 

maintenance or receiving visitors. 

3.7.1 Safety system 

The safety chain is the hardware protection system of the wind turbine and independent of the main 

control system. The safety chain provides the highest level of protection to make sure that the wind 

turbine does not lose its safety functions in fault conditions, so that the personnel and wind turbine are 

safe.  

The loop design and equipment selection of the safety chain system adopt the fail-safe design mode. 

In this mode, functional failures of the equipment and loops must trigger the safety protection 

mechanism that must be manually troubleshot. The sensors in the safety system which serve to trigger 

the safety chain must function well and be highly reliable. Nodes under the monitoring of the safety 

chain system: Power cable twisting, emergency stop button, PLC watchdog, rotor overspeed, nacelle 

vibration, and safety chain of pitch system. When the preset values of these nodes are triggered, 

safety protection is performed to protect the wind turbine. 

Initialization Stopping Standstill Standby Run-up
Power 

production

Service
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Figure 23 – Schematic diagram of safety chain 

Safety chain output includes pitch system enable, yaw system enable, and converter system enable. 

The safety chain system directly controls the rotor air brake system and yaw system, and indirectly 

controls the off-grid of the converter. The priority of the safety chain system is higher than that of the 

control system. Once activated, the protection system immediately controls the actuators to perform 

safety protection on the wind turbine. 

 

Figure 24 – Schematic diagram of relation between control system and safety chain 
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3.7.2 Lightning protection and earth-termination system 

The lightning protection and earth-termination system consists of internal and external lightning 

protection systems. In different lightning protection zones, different protection measures are provided 

according to IEC 61400-24, including lightning intercepting and conducting system, shielding, 

equipotential bonding, and surge protection. These measures are designed with lightning properties 

being fully considered. 

  

Figure 25 – Schematic diagram of comprehensive lightning protection system 

The external lightning protection system contains the blade lightning protection system and the air 

termination system on the nacelle top. The blade lightning protection system is composed of air 

termination systems and lightning down-conductors, which comply with the technical requirements in 

IEC 61400-24. The nacelle conducts the lightning current to the designed lightning current path 

through the air termination system with double lightning rods installed on the wind sensor stand on the 

top of the nacelle. 

The design of the internal lightning protection system mainly includes shielding (power cables and 

signal cables in the nacelle are both shielded cables), equipotential bonding (all parts in the wind 

turbine are connected to form the equipotential bonding), and surge protection (IEC 61643-12, 

appropriate Class I and Class II power supply SPDs and signal SPDs are provided at the boundary of 

lightning protection zones to give lightning protection for electrical components). These measures form 

the entire internal lightning protection system. 

One MEB earth busbar and one LEB earth busbar are provided at the tower base to form the lightning 

protection system and the earth-termination system. The MEB earth busbar is used for earth cable of 

the electrical control cabinet at the tower base and the LEB earth busbar for connecting the earth 

cable of the converter and the grid-side PEN cable. The power frequency earth resistance of the wind 

turbine is less than 4 Ω. 

Comprehensive lightning 
protection system

External lightning protection 
system

Internal lightning 
protection system

Internal shielding

E
quipotential 
bonding

D
ow

n-conductor

E
arth-term

ination 
system

E
xternal shielding

Integrated earth
-

term
ination system

Integrated w
iring

S
urge protective 
device (S

P
D

)

A
ir-term

ination 
system



 Edition: E  No.: GW-24CP.0025 

Innovating for a brighter tomorrow Page 24 of 36 

3.7.3 Power distribution system 

The power distribution system supplies power to the electric equipment of the wind turbine. The 

distribution transformer supplies power to the nacelle control cabinet and main control cabinet. The 

nacelle control cabinet supplies power to pitch system, lubrication system, cooling system, yaw system, 

hydraulic system, auxiliary electrical equipment, lamps in nacelle, and wind measurement system. The 

main control cabinet supplies power to converter, cooling system, auxiliary electrical equipment, lamps 

at tower base, tower base dehumidifier (optional), and lift (optional). 

 

Figure 26 – Schematic diagram of power distribution system 

3.8 Monitoring system 

In general, Goldwind wind turbine monitoring systems can be classified into central monitoring system 

and remote monitoring system. The central monitoring system consists of local communication 

network, monitoring computers, protection devices, and central monitoring software. It is used by the 

wind farm personnel mainly for centralized management and control of wind turbines. The remote 

monitoring system consists of central monitoring computers, network equipment (router, switch, ADSL 

equipment, and CDMA module), data transmission media (telephone line, wireless network, and 

Internet), remote monitoring computers, protection system, and remote monitoring software. It mainly 

serves to enable remote users to view the operation status and historical data in real time. 

As one of the largest wind turbine manufacturers in China, Goldwind possesses central monitoring 

software and remote monitoring software with complete functions. 
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Goldwind's SCADA system can remotely acquire and monitor data from multiple wind farms and wind 

turbine models in real time. 

3.8.1 Local communication network 

In the local communication network, wind turbines are physically connected by transmission medium 

such as electrical cable or optical fiber cable. The transmission medium is selected based on the 

geographic conditions of a wind farm, quantity of wind turbines, distance between wind turbines, 

distance between wind turbines and central monitoring room, project investment, and basic 

requirements on communication rate (single-mode fiber optic cable is recommended). The network 

can be of a chain, star, or tree structure. The specific connection mode is determined based on the 

layout of wind turbines and difficulty of site construction. Also, detailed technical documents on 

installation of optical fiber cables and fusion splicing of optical fibers are provided for the owner. See 

the following figure for the structure of monitoring system of wind farm. 

 

Figure 27 – Schematic diagram of monitoring system 

3.8.2 Central monitoring software 

The central monitoring system plays as a platform for personnel of wind farm to monitor and control 

wind turbines and obtain wind turbine data. Different central monitoring softwares for different 

protocols are developed according to owners′ requirements. Their main functions are as follows: 

a) Monitoring 
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b) Control 

c) Recording and storage 

d) Alarming 

e) Permission management (protection) 

f) Plotting 

g) Reporting 

h) Printing 

i) System logging and wind turbine control command logging 

j) Wind turbine parameter setting 

k) Wind turbine time synchronization 

3.8.3 Remote monitoring system 

According to the remote data monitoring requirements of electric power industry, private network can 

be used as the transmission medium to ensure the data security. If network router and firewall are 

equipped, optical fiber, ISDN, ADSL, CDMA, and GPRS can also be used to connect with the Internet, 

and VPN can be used to realize remote monitoring and control. In this case, remote monitoring 

computer becomes one client of the local communication network and is capable of remotely 

monitoring and controlling wind turbines on site. The system administrator can set access authorities 

(especially control authority) for remote clients. 

3.8.4 Remote monitoring software 

The remote monitoring software is exactly the same as the central monitoring software. So, the remote 

monitoring function shall be performed prudently in accordance with the operation and management 

rules of wind farms. If remote monitoring is needed, it can be achieved by using VPN network, so that 

remote monitoring system has the same functions as central monitoring system. 

4 Grid connection description 

The following description is about the default grid connection characteristics of wind turbines and is 

for reference only. For more accurate information, see the wind turbine specific documents about grid 

connection performance. 

4.1 Operating voltage range 

Generally, wind turbine is connected to the grid of wind farm via step-up transformer. The rated voltage 

of HV-side of step-up transformer is normally 10 kV or 35 kV and the transformer is capable of no-load 

voltage regulation. The LV-side voltage of step-up transformer, that is, the output voltage of wind 

turbine is 1140 V（1 p.u.）. 

The wind turbine by default normally operates under the grid voltage with the deviation range being 

10% of the rated voltage(LV-side). 
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4.2 Operating frequency range 

The grid frequency deviation ranges within which the Goldwind wind turbine can operate normally are 

as shown in the following table. 

Table 1 – Operating frequency range of wind turbine 

System frequency System frequency range Technical requirements 

 

0.9 frated – 0.93 frated The wind turbine can operate for at least 2s. 

0.93 frated – 0.94 frated The wind turbine can operate for at least 5s. 

0.94 frated – 0.95 frated The wind turbine can operate for at least 7200s. 

0.95 frated – 1.05 frated Continuous operation 

1.05 frated – 1.10 frated The wind turbine can operate for at least 2s. 

 

Figure 28 – Frequency ride through capability 

With Goldwind Wind farm intelligent Energy Management Platform (iEMP), the Goldwind wind turbine 

is capable of doing primary and secondary frequency response. The active power output is controlled 

according to the frequency / active power droop curve based on the grid code requirement to the wind 

farm. 

4.3 Active power control 

The wind turbine realizes control over maximum active power output and active power change rate. 

Through the intelligent Energy Management Platform (iEMP) developed by Goldwind, the wind turbine 

realizes control over active power at the grid connection point of the wind farm. This wind turbine also 

meets the parameter requirements of the grid, such as those on the rise rate of active power output, 

rise rate of power output during wind turbine start-up, and recovery rate of active power output from 

the wind farm after system faults are resolved, and can ensure smooth operation of the grid system. 

50/60 Hz
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4.4 Reactive power control 

When the power system operates stably, the wind turbines can continuously and dynamically regulate 

the reactive power. 

In default settings, the grid-side (low-voltage side of the step-up transformer) power factor of the wind 

turbine is 1.0. 

Under rated operating conditions (rated active power and rated voltage) of the wind turbine, the power 

factor regulation range of the wind turbine is -0.95 (leading) to +0.95 (lagging). And reactive power 

regulation within the power factor range of -0.9(leading) to +0.9(lagging) is optional. 

For reactive power and voltage control of the entire wind farm, Goldwind Wind farm intelligent Energy 

Management Platform (iEMP) which can receive and automatically execute the reactive power control 

command from the power dispatching department, realizing automatic voltage control of the wind farm. 

a) The iEMP supports remote/local control mode and master/slave control mode. 

b) The iEMP continuously and dynamically regulates the voltage or reactive power at the point of 

connection of the wind farm according to the set points of voltage regulation, reactive power 

regulation, or power factor regulation. 

4.5 Low voltage ride through and high voltage ride through 

When the terminal voltage deviation (symmetric and asymmetric voltage faults) is not normal but within 

the protection setting range, the Goldwind wind turbine can still maintain connection, as shown in the 

following figure. 
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Figure 29– HVRT and LVRT curves of wind turbine 

In the process of voltage fault ride through, the Goldwind wind turbine can provide reactive current 

responding to the positive sequence voltage value within the limits of its designed capability to help 

the grid voltage recovery. 

5 Description of environmental adaptability 

5.1 Ambient temperature adaptability 

the wind turbine is adaptable to a wide temperature range. 

a) Operating temperature (°C): -30 to +45* 

b) Survival temperature (°C): -40 to +50 

NOTE 1: * means that derated operation can occur when the range of the operating temperature is 40°C to 45 °C @0m  

5.2 Low temperature adaptability design 

In response to the severe climatic conditions in winter in cold regions, the wind turbine adopts the 

following technical measures: 

a) Blades: The blade materials are suitable for both high and low temperatures. The metal material 
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is stainless steel that is non-sensitive to low temperature. The FRP main material passes the low 

temperature performance test to guarantee blade operation requirement at low temperature. 

b) Drive components: The hub, base, main shaft, and bearing housing are casting parts and 

designed according to the technical specification of low temperature type wind turbines. 

c) Welded structural members: The tower materials meet the technical specification of low 

temperature type wind turbines, and the quality requirements for weld joints are even higher. The 

tower is welded and inspected in strict accordance with the welding and inspection standards for 

pressure vessels to ensure the structural strength at low temperature. 

d) Sealant is used to seal the joints in the nacelle to improve the heat preservation of the nacelle. 

e) Electrical control cabinets are equipped with heater to ensure the operating temperature of 

components in the cabinets. In normal operation and standby condition of the wind turbine, the 

heating systems of the components to be heated start heating according to the set control 

temperature to guarantee normal operation of the wind turbine. 

f) A gearbox heater is provided in the nacelle. At low temperature, the gearbox can operate only 

when the lubricating oil is heated. 

5.3 Altitude adaptability description 

The wind turbine applies to 0 m to 2000 m (including 2000 m). 

5.4 Environmental adaptability description 

The working environment range of onshore type is shown in the table below. 

 

Table 2 – The range of work of GWH182-5.3/6.2/7.2/7.5 wind turbine 

6 Health and safety of personnel 

The wind turbine is designed according to the requirements in EN 50308 to address all possible 

occupational health hazards and safety hazards, so as to keep personnel healthy and safe. 

a) Guarantee safe working space that conforms to safety standards, including platforms, guardrails, 

safety channels, and design against electric shock to prevent accident occurrence. 

b) Provide safety warning signs to remind the operation personnel of any potential danger. 

c) Design anchor points for the personnel working at height. 

No. Category Applicable environment 

1 Onshore type 
The distance to the coastline (salt lake) is greater than 10km, the humidity 
conditions tolerated by the unit are not less than 100%, and there is a delay in 
starting under condensation conditions 

2 Coastal 
onshore type 

The distance to the coastline (salt lake) is less than 10km, the humidity 
conditions tolerated by the unit are not less than 100%, and there is a delay in 
starting under condensation conditions 
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d) Design emergency escape system to guide evacuation for emergency. 

e) Provide environmental protection requirements, including dangerous waste handling, energy 

conservation, and environmental protection. 

f) Provide requirements for limits of hazardous factors such as noise and radiation that comply with 

the occupational health requirements. 

7 Reservation clauses 

a) The relevant performance in this product manual is strongly related to the standard configuration 

of the unit. Any change to the standard configuration may have an impact on the performance of 

the unit. The customization requirements in the project execution process need to consider the 

configuration and environmental changes. If necessary, the technical feasibility and the resulting 

changes in unit performance should be evaluated (or refer to the unit customized performance 

description document). The configuration and environmental conditions that have been identified 

that affect the performance of the unit; 

No Configuration and environmental conditions Unit Standard configuration/rated 
environmental conditions 

1 Outer surface color of 
tower/nacelle/generator/hub / RAL9016 

2 Project site salinity % 0% 

3 Altitude of project site m ≤1000 

4 Design life years 25 

 

b) For wind farms (more than 1000m altitude) where warm air and cold air alternate with high humidity, 

the probability of wind turbine icing increases. Icing can add load to the wind turbine, cause 

vibration, and result in abnormal power curve, thus affecting the service life and safety of the wind 

turbine. In addition, the rotating parts can shake off the ice, threatening the safety of maintenance 

personnel. Therefore, icy wind turbines are not allowed to run. (See GL IV-1-2003-2.3.2.18 or GL 

IV-1-2010-2.3.2.19.) 

c) In the case of high wind speed, high temperature, large amount of reactive power generation, low 

air density and/or low voltage, the wind turbine may reduce the power generation to ensure the 

operation of the main components (such as: generator, converter, etc.) temperature is normal 

range; 

d) To eliminate condensation and moisture that occur after long time storage, reduce damage risks 

of components, and ensure commissioning quality, the duration from energization to completion 

of commissioning for each wind turbine shall be longer than two days, and the duration of static 

commissioning can be relaxed appropriately but shall be longer than one day. If the wind turbine 

stays de-energized for a long time, it shall be dehumidified for 2 hours to 12 hours (depending 

upon local environment and current season) before being restarted. 
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e) Lightning is considered as a force majeure, and Goldwind does not guarantee the damage caused 

by lightning stroke. 

f) In view of ongoing development and upgrade of products, Goldwind reserves the right to modify 

the technical specification. 

g) This product manual does not make any commitment to the sales quotation、power generation、 

and noise guarantee. The power curve, noise detection (including all power curves and noise 

testing methods) guarantee/commitment value must be determined for the specific project 

situation and reached through an independent written agreement. 
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Annex A 

(normative) 
General parameters of wind turbine and parameters of main components 

Table 3 – General parameters of wind turbine and parameters of main components 

No. Name Unit GWH182-7.5MW (boosting mode to 7.7MW) GWH182-7.5 

1 Basic data of wind turbine 

1.1 Rated power kW 7700 7500 

1.2 Power control method  Variable-speed variable-pitch regulation 

1.3 Wind class  S 

1.4 Rotor diameter m 183.4 

1.5 Hub height m 110 (customizable) 

1.6 Cut-in wind speed m/s 2.5 

1.7 
Rated wind speed (standard 
air density, static power 
curve) 

m/s 12.4 12.1 

1.8 
Cut-out wind speed (average 
over 10 minutes) m/s 24 

1.9 Availability  ≥ 95% 

1.10 Operating temperature range °C  -30 to +45 

1.11 Survival temperature range °C  -40 to +50 

1.12 Design service life Year 25 

2 Blade 

2.1 Type  Sinoma90.2 

2.2 Blade material  Glass fiber reinforced resin 

2.3 Swept area of rotor m2 26016 

3 Gearbox 

3.1 Gear stage  Three-stage 

3.2 Gear transmission ratio  73.86 ± 0.5%  

3.3 Type of gearbox cooling  Oil-air cooling 

4 Generator 

4.1 Type of generator  Medium speed permanent magnet generator 

4.2 Rated power kW 8000 7800 

4.3 Rated voltage V 1380 

4.4 Rated current A 2 × 1 889 2 × 1745  

4.5 Degree of protection  IP54 

4.6 Rated speed rpm 700 700 

4.7 Insulation class  H 

4.8 Number of pole-pairs  9 
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No. Name Unit GWH182-7.5MW (boosting mode to 7.7MW) GWH182-7.5 

5 Converter 

5.1 Type  Full-power liquid-cooled converter 

5.2 Rated power (point of 
connection) kW 7700 7500 

5.3 Rated voltage (grid-side) V 1140 

5.4 Rated output current (point of 
connection) A 4204 3983 

5.5 Degree of protection  IP54 

5.6 Regulation range of power 
factor  

Capacitive 0.95 to inductive 0.95 (default) 

Capacitive 0.935 to inductive 0.935 (optional GWH182-7.5) 

5.7 Rated power factor  1 (default) 

5.8 Regulation mode of power 
elements  SVPWM 

6 Main shaft 

6.1 Manufacturer  Guochuang, RIYUE, Himile, etc. 

7 Main bearing 

7.1 Manufacturer  SKF, NTN, Timken, or FAG  

7.2 Lubrication method  Manual/automatic grease adding 

8 Braking system 

8.1 Primary braking system  Aerodynamic braking by feathering of three blades 

8.2 Secondary braking system  Generator brake (for maintenance) 

9 Yaw system 

9.1 Type  Motor-driven 

9.2 Control mode  Active yawing to align with the wind 

9.3 Yaw speed °/s  0.257 

9.4 Type of yaw bearing  Sliding bearing 

9.5 Lubrication method  Automatic grease adding 

10 Hydraulic unit 

10.1 Manufacturer  Hawe, etc. 

11 Electrical control system 

11.1 Type of control unit  PLC 

11.2 Control type  Distributed control 

11.3 Control type of bus  PROFIBUS-DP 
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No. Name Unit GWH182-7.5MW (boosting mode to 7.7MW) GWH182-7.5 

12 Lightning protection 

12.1 Design standard of lightning 
protection  In accordance with IEC 61400-24 and IEC 62305 standards and in compliance 

with GL standards for certification 

12.2 Lightning protection measure  Electrical lightning protection, blade tip lightning protection, etc. 

12.3 Wind turbine earth resistance Ω 
If average soil resistivity ρ ≤ 3000 Ω·m, 

power frequency earth resistance of single wind turbine R < 4 Ω. 

13 Tower 

13.1 Type  Tapered steel tower (equipped with ladders and fall protection equipment 
inside) 

13.2 Corrosion protection for 
surface  Painting 
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Annex B 

(normative) 
Dimensions and weights of main components of wind turbine 

Table 4 –Dimensions and weights of main components of wind turbine 

Component Outline dimensions 
mm 

Weight  
kg 

Blade Sinoma90.2 Φ3200; length: 90000 27775 ± 3%/pc  

Rotor (excluding blades) 4952×4550×4290  52000±5%  

Drivetrain and generator 8016.7×3623.2×3250  92934.4±5%  

Nacelle (drivetrain and generator not included) 9254×4980×3960  37000±5%  

NOTE 1: The dimensions and weights in the table are design dimensions and weights and only for reference. For the 

actual dimensions and weights, see the drawings and production documents of the components.  

 

_________________________________ 
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Description of GWH182-7.5MW Acoustic Performance 

 

1. Scope of Application 

 

This document specifies the acoustic performance of GWH182-7.5MW WTG. 

 

2. Reference, Terms & Definitions 

 

For the purposes of this document, the following terms and definitions apply. (e.g.)  

GWI                                       Goldwind International 

WTG Wind Turbine Generator 

 

3. Acoustic Performance 

 

The Sound Power Level of the WTG shall be set forth in the contract and as determined by IEC 61400-11 Edition 

3.0 2012-11. 

 

Sound power level performance standard compliance shall be assessed in the following manner: 

 

1. Within ninety (90) days of Substantial Completion of the Project, Buyer shall have the right but not the 

obligation to, at Buyer’s expense, test the acoustic emissions of the Project Wind Turbines in accordance with 

the testing procedures outlined in IEC 61400-11 Edition 3.0 2012-11. Wind turbines – Part 11: Acoustic noise 

measurement techniques”. Performance of such testing, if elected, shall not begin with less than fifteen (15) 

day notice to the Supplier. Supplier shall have the opportunity to witness any such testing performed. 

 

2. WTG sound power level for various wind speeds at hub height is described in Table 1, which is under the 

standard environmental condition: Air density 1.225kg/m3, Turbulence 14%, Temperature 15°C, Humidity 50%, 

and the blade surface should be without contamination. 
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Table 1 Sound Power Level for various wind speeds at hub height* 

Wind Speed (m/s) Sound Power Level (dBA) 

2.5 99.9 

3 99.9 

3.5 99.9 

4 99.9 

4.5 101.5 

5 101.9 

5.5 103.8 

6 105.7 

6.5 107.5 

7 108.9 

7.5 110.8 

8 111.9 

8.5 111.9 

9 111.9 

9.5 111.9 

10 111.9 

10.5 111.9 

11 111.9 

11.5 111.9 

12 111.9 

12.5 111.9 

13 111.9 

13.5 111.9 

14 111.9 

14.5 111.9 

15 111.9 

15.5 111.9 

16 111.9 

16.5 111.9 

17-24 111.9 

*Uncertainty should be considered additionally as the one shown in Table 2 for each wind speed. 

**Sound power level for various wind speed is for reference only, not for noise warranty. 

 

4. Noise Warranty 

WTG noise warranty is described in Table 2. 

Table 2 Maximum Sound Power Level for WTG at Hub Height 

 Warranted sound power level (dBA) Uncertainty (dBA)* 

GWH182-7.5 111.9 ±1 
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* The sound power level shown without considering measurement uncertainty according to IEC61400-11. 

** The uncertainty has been considered during manufacture and acoustic testing process. 

***GWI only warrants for the maximum sound power level. If the measured sound power level is lower than or 

equal to 112.9 dBA, the WTG passes the noise test. 

 

_____________________________________________ 
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ABBREVIATIONS  

Abbreviation  Meaning / expanded form  

AA  Alternatives Analysis  

AR  Assessment Report  

AR6  Sixth Assessment Report  

BAU  Business as Usual  

BWh  Hot Desert Climate  

Cat  Category  

CCRA  Climate Change Risk Assessment  

CCRMP  Climate Change Risk Management Plan  

CHAZ  Columbia HAZard Model  

CMIP  Coupled Model Intercomparison Project  

CMIP5  Coupled Model Intercomparison Project Phase 5  

CMIP6  Coupled Model Intercomparison Project Phase 6  

CO₂ / CO2  Carbon dioxide  

EA  Environment Authority  

EEZ  Exclusive Economic Zone  

EIA  Environmental Impact Assessment  

EP4  Equator Principles 4  

ERA5  ERA5 Reanalysis dataset  

ESIA  Environmental and Social Impact Assessment  

GCM / GCMs  Global Climate Model(s)  

GHG  Greenhouse Gas  

IBTrACS  International Best Track Archive for Climate Stewardship  

IDF  Intensity - Duration - Frequency  

IEC  International Electrotechnical Commission  
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Abbreviation  Meaning / expanded form  

IPCC  Intergovernmental Panel on Climate Change  

IPCC - AR6  IPCC Sixth Assessment Report  

ISO  International Organization for Standardization  

MECA  Ministry of Environment and Climate Affairs  

NASA  National Aeronautics and Space Administration  

NDCs  Nationally Determined Contributions  

OETC  Oman Electricity Transmission Company  

OEM  Original Equipment Manufacturer  

OHDS - 2017  Oman Highway Design Standards 2017  

PET  Potential Evapotranspiration  

QA/QC  Quality Assurance / Quality Control  

RCPs  Representative Concentration Pathways  

SDGs  Sustainable Development Goals  

SPEI  Standardised Precipitation - Evapotranspiration Index  

SSP / SSPs  Shared Socioeconomic Pathway(s)  

TCFD  Task Force on Climate - related Financial Disclosure  

UN  United Nations  

UN SDGs  United Nations Sustainable Development Goals  

WDSI  Warm Spell Duration Index  

WS  Wind Speed  

WSDI  Warm Spell Duration Index  

WTG / WTGs  Wind Turbine Generator(s)  
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UNITS  

Abbreviation  Meaning  

°C  Degrees Celsius  

hr  Hour  

km  Kilometre  

km/h  Kilometres per hour  

kV  Kilovolt  

kW  Kilowatt  

m Metre  

m²  Square metre  

m/s  Metres per second  

mm  Millimetre  

MW  Megawatt  

N/A  Not applicable  

tCO ₂e Tonnes of carbon dioxide equivalent  
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1 |  INTRODUCTION  

This Appendix presents a Phase 1 Climate Change Risk Assessment (CCRA) which 

comprises a n initial climate affairs study essential for the Environmental and Social 

Impact Assessment (ESIA) of the Jalan Bani Bu Ali Wind Farm Project in Oman.   

In the pursuit of a sustainable and responsible approach to Project development, a 

CCRA has been undertaken in alignment with the Equator Principles 4 (EP4) 

Guidance Note for CCRAs (published in May 2023).  

It should be noted that an EIA Rev A was developed by Five Elements in April 2026 

that  included relevant sections on Climate Change that were compliant with Omani 

Regulations for the Management of Climate Affairs (‘Guidelines for the Preparation 

of Climate Affairs Chapter in the Environmental Impact Assessment (EIA) Study for 

P rojects’). The EIA was approved by EA in May 2026 and given that the project’s 

contribution to climate risks (namely carbon emissions) will be positive (i.e., through 

offsetting its o wn emissions over its life span), there were no specific conditions 

related to climate change. Nonetheless, climate change risks , specifically those to 

the project, such as physical climate change risks  been considered in the main ESIA 

Rev B. This ha s  been done to align with international Lender requirements, namely 

EP4.  

The CCRA seeks to equip stakeholders with an initial understanding of the climate -

related considerations associated with the Project. By integrating these 

assessments into the ESIA, the Project is committed to promoting a responsible 

development that align s with global sustainability objectives and fosters resilience 

in the face of a changing climate.  

1.1 |  PURPOSE  

The purpose of this Climate Change Risk Assessment report is to provide a 

preliminary, desk - based evaluation of the potential physical climate - related risks 

relevant to the Jalan Bani Bu Ali Wind Farm Project. The report has been prepared 

to support the br oader Environmental and Social Impact Assessment process and 

to align with applicable lender climate risk assessment expectations. It identifies 

relevant climate hazards  and assesses potential implications for P roject assets ; 

further consideration will be required during subsequent P roject design, 

management and risk mitigation stages.  

This report is intended to inform early - stage decision - making and should be used 

as a screening - level assessment only. It does not constitute a detailed engineering 

design review, a final resilience strategy  or  a financial quantification of climate risks. 
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The assessment is based on information available at the time of preparation, 

including client - provided P roject information, published literature, climate model 

datasets, and third - party studies. Five Elements has not independently verified all 

third - party or client - provided information, and the conclusions are therefore 

dependent on the accuracy, completenes s and currency of the information 

reviewed.  

Five Elements disclaims any responsibility to the Client and others in respect of any 

matters outside the scope of the above and we accept no responsibility of 

whatsoever nature to third parties to whom this report, or any part thereof, is made 

known. Any such third party should rely on the report at their own risk.  
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2 |  OVERVIEW OF THE PHYSICAL CLIMATE 

CHANGE RISK ASSESSMENT  

According to the Task Force on Climate - related Financial Disclosures (TCFD), 

physical climate risks arise from the physical effects of climate change and may be 

acute (event - driven) or chronic (longer - term shifts in climate patterns). Physical 

climate chan ge risks may have financial implications for projects and organizations, 

such as direct damage to assets and indirect impacts from supply chain disruption.  

Aligned with applicable international Project standards and in accordance with 

EP4’s 2023 Guidance Note, a materiality - based approach in line with the 

recommendations of the TCFD was used to evaluate the potential physical impacts 

of climate change. The main objectives are to:  

• Identify physical hazards to which the site and associated facilities are 

exposed during the baseline and future time horizons under the selected 

scenarios.  

• Understand the likely implications of those hazards for the Project’s assets, 

operations, and personnel under forward - looking climate scenarios.  

The proposed study aims to provide a high - level evaluation of physical risks that 

may be relevant to wind farms in Oman. Five Elements will assess the impact of 

climate change mainly on the following hazards/  variables as illustrated in Figure 2 -

1.  

 

Figure 2- 1 Physical climate hazards considered in this assessment  

Natural 
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This physical climate change risks assessment (CCRA) study is a desk - based study 

comprising a literature review and analysis of readily available open and paid data 

sources. To generate climate indicators, Five Elements uses the latest multi -

ensemble suite  of climate models from the Coupled Model Intercomparison Project, 

Phase 6 (CMIP6) database, which is compatible with the Intergovernmental Panel 

for Climate Change Sixth Assessment Report (IPCC - AR6). Accordingly, Five 

Elements uses the latest Shared Socio economic Pathways (SSPs) emission 

scenarios for future projections.   

From the CMIP6 suite of climate scenarios, Five Elements has used the following 

three scenarios to cover a full range of potential paths and projections.   

• SSP1 - 2.6:  Sustainable Path -  Reaching net - zero after 2050, global mean 

temperatures stabilizing around 1.8 °C by 2100.  

• SSP2 - 4.5:  Middle - of - the - Road Path – CO₂ emissions remain around current 

levels until mid - century, then decline but do not reach net - zero by 2100, with 

global mean temperature reaching around 2.7 °C by 2100.  

• SSP5 - 8.5:  Worst Case -  CO 2 emissions double by 2050 with the mean global 

temperature reaching higher than 4.4 °C by 2100.  
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3 |  SCOPE  

According to the Equator Principles (EP4), a CCRA should include consideration of 

relevant climate - related ‘Physical Risks’ as defined by the Task Force on Climate -

Related Financial Disclosure (TCFD). In addition, if, when combined Scope 1 and 

Scope 2 emissions exceed 100, 000 tonnes of carbon dioxide equivalent (tCO2e)  

annually, all projects, in all locations, must include the consideration of climate -

related ‘Transition Risks’ (as defined by the TCFD) in a CCRA. Similarly, if this 

threshold is exceeded a g reenhouse gas (GHG) alternatives analysis (AA) is also 

required (according to EP4 CCRA guidance).  

As outlined in the ESIA, based on the nature and scale of this renewable energy 

project, annual estimate of greenhouse gas (GHG) emissions (Scope 1+2) over the 

lifetime of the Project is expected to be less than the EP4 threshold value of 

significance of 1 00,000 tCO2e per year. A transition CCRA and a GHG alternatives 

analysis is therefore not necessary according to international standards. Likewise, 

since the energy generated by the Project will avoid emissions that would otherwise 

be generated wholly or p artly from more carbon - intensive sources and since it is a 

renewable energy generation project, no transitional CCRA is necessary.  

3.1 |  TRIGGERS FOR AN EP4 ALIGNED CCRA  

Based on  the nature of the construction and operations associated with the Project, 

it is assumed the proposed Project classification is ‘Category B’ (according to 

International Finance Corporation definitions). EP4 guidance requires Category B 

projects to conduct  a physical CCRA, as appropriate.  

Accordingly, t he scope of t his report is limited to a  physical risk CCRA, comprising  

three distinct phases of analysis, the first of which is described in  this report. Phase 

1 is  an assessment of the current and future projected inherent physical climate -

related risks (‘inherent’ refers to risks posed to the Project in the absence of further 

management/ mitigation measures) which could be material in relation to the 

construction a nd operational phases of the Project.  

Once risks have been quantified, the Client will have the opportunity to implement 

further management/mitigation measures into the Project’s design to manage 

material risks. Following this, to fully align with EP4’s 2023 Guidance Note, during 

later stages of the Project, the Client will be required to financially quantify the risks 

which have been identified in Phase 1 as potentially material to the Project (Phase 

2) and how these risks are to be  managed/mitigated in a Climate Change Risk 

Management Plan (C CRMP) (Phase 3).  
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Ministerial Decision  20/2016 and MECA (now EA) Guideline: Form 1 (2017) requires 

that a project’s aspects and impacts related to climate change be assessed as part 

of an EIA. This has been completed  in the EIA Rev A, which was approved by EA in 

May 2026 with no conditions related to climate change .   

3.2 |  PROJECT SITE LOCATION  

The proposed Project is located in the Governorate of South Sharqiyah, 

approximately 13 km northeast of the town of Jalan Bani Bu Ali and 49 km south of 

Sur. The figure below illustrates both the P roject location and the Project  boundary.  

 

Figure 3 - 1 Project Location  

3.3 |  PROJECT COMPONENTS  

The P roject has the following main components:  

• Wind Turbine Generators (WTGs) with a capacity of up to 123.2 MW.  

• 16 WTGs (rated to 7.7 MW per WTG)  

• Internal transmission corridors (9.3 km at 33 kV voltage level) between the 

wind turbines and to the internal substation. This will be through underground 

cabling.  

• Internal wind farm buildings (control room building and outdoor electric yard)  
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3.3.2 |  WIND TURBINE PARAMETERS  

The following tables highlight the key WTG parameters and environmental 

operating conditions considered in this assessment.  

Table 3 - 1 General parameters of wind turbine components  

Parameter  Unit  Values  

Rated Power  kW  7,700  

Wind Class   S  (Custom)  

Rotor Diameter  m 183.4  

Swept Area  m²  26,016  

Hub Height  m 115 

Design Life  Year  25  

Table 3 - 2 Operating environmental conditions of wind turbines  

Parameter  Unit  Values  

Cut - in Wind Speed  m/s  2.5  

Rated Wind Speed  m/s  12.4  

Cut - out Wind Speed  m/s  24  

*Survival Wind Speed  m/s  60 (Not provided in specification 
sheet. Estimate d from Similar WTG s ) 

Operating Temperature Range  °C  - 30 to +45  

Survival Temperature Range  °C  - 40 to +50  

3.3.3 |  ASSOCIATED FACILITIES  

Associated facilities are those that are required to enable a project or are 

conditional on it, but which are not developed by the proponent. The only 

associated facility for the Project (as per IFC definitions) is:  

• OETC 132 kV Substation – Construction, on - going  

Excluded from the assessment are risks to assets and services such as:  

• Existing 132 kV OHL and connection from Grid station to OHL ;  

• National road network ; and  
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• Port services and transport routes of Project elemen ts to Project Area . 

3.4 | PROJECT TIMELINE  

The P roject is currently in its final detailed design process , with the layout subject 

to minor changes .  Once finalised, construction is be  12 to 18 months with 

commissioning and testing expected to commence immediately  thereafter . During 

the operation al phase  WTGs will be operational 24/7 with minimal downtime for 

maintenance for the design life of the Project .  

The design life  of the Project  is 25 years. During operations, the WTGs  may be 

offline for routine maintenance. Operational maintenance requirements are 

anticipated to arise from routine maintenance and replacement of failed parts (non -

routine, infrequent). The maintenance schedule and strategy are  currently 

un def ined  and  will be confirmed by the O&M contractor .  

The approach to  decommissioning is currently unknown , but its schedule is 

assumed to be  6 - 12 months  during which all Project materials will be removed . 

C urrent industry best practice is to optimise re - use or recycling of the material to 

the extent feasible . Alternatively, WTGS may be repowered (i.e., generating 

equipment replaced or upgraded ) to extend the lifespan of the project , delaying 

eventual decommissioning . 

Table 3 - 3  Planned Project Schedule  

Phase  Scheduled Dates/ Period  

Mobilisation , detailed design and environmental 
permitting  

February to April 2026  

ESIA submission to EA  March 2026  

Permit conditions issued by EA  May 2026  

Site preparation  April – June 2026  

Construction  12 to 18 months  

Commissioning  Q2 2027  

Operation  Up to 25  years  

Anticipated operational hours  The power plant would operate 24/7  

Maintenance schedule and strategy  S chedule TBC by O &M Contractor  

Decommissioning plan  To be confirmed at a later date  
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4 |  PHYSICAL CLIMATE CHANGE RISK 

ASSESSMENT METHODOLOGY  

The methodology follows a four - step structure. Steps 1 –3 establish the climate 

evidence base (through screening, climate data collection and climate trend 

analysis) and Step 4 reviews the potential hazards that pose material risks to the 

Project.  

• Step 1 (Screening)  – High - level screening of Assets against the range of 

Physical Climate Hazards that are of material risk.  

• Step 2 (Climate Data Collection)  – Gather Climate data for all relevant 

Physical Hazards for the baseline and future time horizons for the considered 

scenarios using climate data from the best available online data sources (i.e., 

IPCC, WRI, International Best Track Archive for Climate St ewardship, Fathom, 

NASA, European Space Agency, and the World Bank) and any data provided 

by the client.  

• Step 3 (Climate Data and trend Analysis) – Analyse the Climate data for the 

baseline period to identify the presence of any hazards that are  relevant to 

the P roject. Then using the latest available modelled data, explore how each 

relevant physical hazard is projected to change in future.  

• Step 4 (Risk Review) – Trends in the Climate data are then assessed along 

with the relevant information provided by the client about assets to review the 

presence of potential materiality of climate risk.  

4.1 |  STEP 1 –  RISK/ HAZARD SCREENING  

Physical Climate Change Risks/ Hazards are those risks resulting from climate 

change, which involve event - driven (acute) or longer - term shifts (chronic) in 

climate patterns  that have a material impact on the project .  

4.1.1 |  PHYSICAL CLIMATE CHANGE RISKS   

Universally accepted definitions of physical climate risk are as follows:  

• Physical Climate Risks  are those risks resulting from climate change, which 

involve event - driven (acute) or longer - term shifts (chronic) in climate 

patterns.  

o Acute physical risks  refer to those that are event - driven, including 

increased severity and/ or frequency of extreme weather events such 

as cyclones, storms or floods; and  
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o Chronic physical risks  refer to longer - term shifts in climate patterns 

(e.g., sustained higher temperatures) that may cause changes in wind 

speeds/ patterns or chronic heat waves.  

Key differences between chronic and acute risks include:  

• Salience:  Acute risks are often more visible and immediate , while chronic risks 

are gradual and sometimes overlooked until they are severe;  

• Financial Impact:  Both pose material risks to projects and can lead to material 

and financial losses; and  

• Management:  Acute risks require immediate emergency response and 

resilient, hardened infrastructure. Chronic risks necessitate long - term 

adaptation planning.  

For the physical CCRA, the high - level screening of the following physical climate 

change risks has been conducted (Table 4 - 1). 

Table 4 - 1 Physical Climate Hazards Assessed  

Hazard  Risk Category  Risk  Impact  

Temperature 
increase  

Chronic & Acute  Indirect impact on air density 
and wind patterns; extreme heat 
could impact operating 
conditions lea ding to de - rating 
and shut down of turbines  

Decreased power 
output  due to derating 
and shutdowns  

Increase in average 
precipitation 
leading to 
increased 
frequency and/ or 
intensity of floods  

Acute  Risk of damage/ loss of 
equipment through inundation, 
scour and erosion risk  

Risk of disrupted / 
decreased power 
output , increased 
maintenance costs  

Increased 
frequency and/or 
strength of 
storms/cyclones  

Acute  Risk of damage/ loss of 
equipment due to extreme winds 
above survival  

Increased periods of shut down; 
wind speeds above cut - out  

Decreased powe r 
output  if wind turbines / 
equipment is damaged  

Increased wind 
speed  

Chronic & Acute  Better wind conditions; wind 
speeds that exceed the cut - out  

Increased power 
output , unless a storm/ 
cyclone occurs (see 
above) in which case 
decreased power 
output  from more 
frequent shutdowns  

Decreased wind 
speed  

Chronic  Worse wind conditions; wind 
speeds below cut - in 

Decreased power 
output  due to calm days  
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4.1.2 |  EXCLUSIONS  

The following Physical Climate Change Risks have been excluded from the 

assessment:  

• Extreme Cold  has been screened out of the assessment because the Project 

is located in a hot desert climate setting. Baseline climate data indicates high 

average and minimum temperatures , and t he lower turbine operating and 

survival temperature limits are well below the lowest temperatures expected 

at the Project Area .  

• Coastal Flooding  has been screened out of the assessment because the 

Project Area  is located onshore , 18 km  from the shoreline , with  no risk of  

coastal inundation, wave overtopping or storm - surge.  

• Sea - Level Rise , as above, this risk  has been screened out of the assessment 

because the Project is located 18 km inland and is therefore not exposed to 

sea - level risk .  

• Landslides  have been screened out of the assessment because the Project is 

located with no credible landslide risk .  

• Wildfires  have been screened out of the assessment because the Project 

Area  is located in a largely unvegetated desert environment with very limited 

natural fuel load , which eliminates  the risk  of wildfire develop ing  and 

propagat ing  that could  materially affect Project assets or operations.  

• Lightning  has been screened out of the assessment as a standalone climate -

change hazard because it is not considered a primary material physical 

climate risk. Lightning strikes are  more appropriately managed as part of the 

Project’s standard electrical, storm - safety and asset - protection design 

requirements. The selected WTG specification already includes a dedicated 

lightning protection and earthing system designed in accordance wit h IEC 

61400 - 24 and IEC 62305, including blade lightning protection, nacelle air -

termination, shielding, equipotential bonding, surge protection devices and 

turbine earthing requirements.  

• Dust Storms  have been screened out as they are generally restricted to the 

northern  and inland  areas of Oman and do not regularly affect Ash Sharqiyah, 

where the project is located. Furthermore, while the area can be categorised 

as naturally dusty, this is typical of most of Oman and is not considered a 

significant  physical  risk. Changes  in wind speed  or patterns , however, do have 

the potential to increase the levels of dust in the air and therefore may lead to 

accelerated abrasion of wind turbine surfaces. For the assessment, elevated 

dust  risks have been captured in the assessment of wind , which w ould be the 

key driver of elevated dust levels .  
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• Water Scarcity has been screened out  as  -  while the project will require water 

for construction  and Oman is an arid , water scarce country  -  the consumption 

will not be sufficient to cause strains on production capacity. Furthermore,  no 

physical risks related to water scarcity are anticipated during operation . The 

operational demand will be negligible compared to construction  and there is 

no reasonable pathway in which an increase in water scarcity could pose a 

threat to the project.  

4.1.3 |  ASSESSMENT INDICATORS  

In order to assess the Physical Climate Change Risks, various indicators have been 

used. These indicators relate to measurable climatic variables that can be used to 

predict the degree to which various risks may impact the P roject in a changing 

climate. The indicators have been selected  based on their relevance to P roject 

components and area specific risks where thresholds are specifically tailored to the 

P roject’s operational requirements and safe operating limits.  

Table 4 - 2  Climate variables used as indicators in the assessment  

Climate 
Variable  

Risk 
category  

Assessment 
Indicator  

Description  Relevance to Project  

Change in 
Average 
Surface 
Temperature  

Chronic  Average 
Surface 
Temperature 
(°C)  

Average surface 
temperature  

Changes in surface 
temperature may increase 
maintenance requirements  

Change in 
Maximum 
Surface 
Temperature  

Chronic  Maximum 
Surface 
Temperature 
(°C)  

Maximum surface 
temperature  

Increased maximum 
temperatures may exceed 
safe operating thresholds 
and increase risks of heat 
related injury  

Extreme 
Heat  

Acute / 
Chronic  

Number of 
Hot Days 
Above 45°C  

Annual number of days 
contributing to unusually 
warm events in which  
surface temperatures are 
above 45°C  

45°C exceeds the safe 
operating temperature 
range of the chosen 
WTGs. Exceedances 
would lead to shut - downs/ 
non power generating 
periods  

Severe Heat  Acute / 
Chronic  

Number of 
Hot Days 
Above 40°C  

Annual number of days 
contributing to unusually 
warm events in which  
surface temperatures are 
above 40°C  

40°C is at the upper range 
of safe operating 
temperatures of the WTGs 
and is the threshold above 
which de - rating may 
occur  

Heat Waves  Acute / Warm Spell Number of days in a given Persistent heatwave s  
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Climate 
Variable  

Risk 
category  

Assessment 
Indicator  

Description  Relevance to Project  

Chronic  Duration 
Index  

year in which  
temperatures exceed the 
90 th percentile  

pose a threat to human 
health (heat related injury) 
and increases wear on 
P roject assets  

Change in 
Rainfall 
Patterns  

Chronic  Average 
Yearly 
Precipitation 
(mm)  

Total average rainfall over 
a year  

Increased rainfall may 
increase maintenance 
requirements  

Extreme 
Rainfall  

Acute/ 
Chronic  

Average 
Maximum 1 -
Day 
Precipitation 
(mm)  

Maximum rainfall over a 1 -
day period  

Increased intense, short -
duration rain events may 
increase risks of flooding  

Extreme 
Rainfall  

Acute/ 
Chronic  

Average 
Maximum 5 -
Day 
Precipitation 
(mm)  

Maximum cumulative 
rainfall over a 5 - day 
period  

Increased intense, short -
duration rain events may 
increase risks of flooding  

Extreme Rain 
Flooding  

Acute  1- in- 100 - year 
Pluvial 
Flooding 
Inundation 
Depth (m)  

Maximum inundation 
depth associated with a 1 -
in- 100 - year pluvial 
(extreme - rainfall - induced) 
flooding event.  

Flood related threat s 
(inundation, scour etc.)  to 
P roject infrastructure  

Changes in 
Wind 
Patterns  

Chronic  Average 
Yearly Wind 
Speed  

Surface wind speed 
averages for the year  

Changes in wind speed 
may reduce power 
generation capacity (if 
they drop below cut - in 
WS)  

Storms and 
Cyclones  

Acute  Number of 
Cyclones per 
Year (by 
category)  

Average number of 
cyclones per year of a 
given category.  

Increased probability of 
tropical storms may 
increase periods above 
safe operational 
thresholds (e.g., cut - out 
wind speed – 24 m/s)  

Increased probability of 
intense storms may 
exceed safe design limits 
of P roject infrastructure  

Storms and 
Cyclones  

Acute  Relative 
Frequency of 
Cyclones (by 
category)  

Relative frequency of 
cyclones of different 
categories as a 
contribution to all systems 
in a given year  

As above.  

Increased frequency or 
more intense storms 
would exacerbate risks.  
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4.2 |  STEP 2 –  CLIMATE DATA COLLECTION  

Use baseline data to understand the current presence of each climate hazard within 

the Project area and projections data to assess potential changes in hazard 

intensity and frequency under specified future time horizons and climate scenarios. 

Climate data should be collected primarily from the chosen climate platform / 

database and supplemented with P roject information and the best available online 

sources.  

4.2.1 |  BASELINE AND PROJECTIONS DATA  

The baseline and climate projections data  were  obtained from primarily the World 

Bank’s Climate Knowledge Portal as well as the Copernicus Climate Atlas. These 

data are  compiled from numerous international scientific organizations, including 

the IPCC, World Resources Institute (WRI), International Best Track Archive for 

Climate Stewardship (IBTrACS), Fathom, National Aeronautics and Space 

Administration (NASA), European Space Agency, and World Bank.   

The climate data used is comprised of various types of datasets including 

Observational (baseline only), Modelled, and Reanalysis (baseline only) data 

defined as follows:  

• Observational data (baseline only)  is based upon observations recorded and 

collected at various weather stations located around the world;  

• Reanalysis data (trend analysis)  describes the reanalysis of previously 

recorded climate data, either from observations or modelled records. This 

data source aims to correct any biases, errors, and aspects of physical 

climatic processes that were previously unidentified within older iter ations of 

data. These corrections can be carried out via the back testing of data against 

newly observed climatic trends and / or modelled climate data; and  

• Modelled data (projections)  aims to identify, quantify, and accurately 

represent complex physical processes within the climate and can be 

generated in several formats, depending on the physical process being 

modelled and the differing resolution of models (e.g., Global Climate Model s 

or Regional Climate Models). Modelled climate data can be used to highlight 

trends in climatic processes under historical (past), present, and projected 

future climatic conditions.  
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4.2.1.1 |  EXTREME EVENTS  

4.2 .1 .1 .1 |  FLOOD EVENTS 

For the purposes of assessing flood risks, the hydrology study for the plot was 

used. The flood study was completed in November 2024 and was carried out by 

Renardet S.A. & Partners.  

It should be noted that the hydrology study was not carried out for the purposes of 

assessing risks to P roject infrastructure and was rather used to assess risks in the 

Project Area . T o draw out more meaningful conclusions now that the design is 

available, the layout of the P roject has been overlain on the hydrology mapping to 

determine if there are any components or development areas in the Project 

Footprint  that are at risk of flooding.  

4.2 .1 .1 .2 |  TROPICAL SYSTEMS (STORMS & CYCLONES)  

The methodology uses two main datasets . This includes Al - Manji et al. (2020) who 

assessed  observed Arabian Sea tropical systems for 1881 –2019 to establish the 

historical baseline. Second, simulated tropical cyclone data  generated by the 

Columbia HAZard Model (CHAZ, Lee et al., 2018)  was from the World Bank Climate 

Knowledge Portal . CHAZ provides a modelled (simulated) baseline and projection 

for systems forming in the Omani EEZ and systems making landfall in Oman.  For the 

historical time  series , the simulat ions cover 1951 –2014 and  for  future projections, 

the same CHAZ model is used under SSP2 - 4.5 for  the period of  2035 –2064.  

4.2.2 |  CLIMATE SCENARIOS  

IPCC provides periodic Assessment Reports (AR) reviewing the available literature 

on climate change and trends in climatic hazards. Each new AR is based on updated  

climate models and datasets developed by the IPCC and Coupled Model 

Intercomparison Project (CMIP). This assessment is based on the most recent  

round of climate data from the IPCC AR6, published in 2021.   

Climate models are continually being updated by incorporating higher spatial 

resolution, new physical processes, and biogeochemical cycles, hence the data 

provided by CMIP6 shows an improvement compared to the ones provided by 

CMIP5. CMIP6 also sees a move  away from Representative Concentration 

P athways ( RCPs ) to Shared Socioeconomic Pathways ( SSPs ), which aim to bridge 

the gaps between the physical climate and social sciences and explore the potential 

future climate response to a broader range of GHGs, land uses, and air pollutants.  


