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Introduction

▪ In order to maintain operational security of the power system its frequency must stay within a

predefined range. If the frequency is not held near its nominal value, protection systems

begin to activate in order to protect machinery, and to keep the power system operational.

▪ Synchronous generators help the power system to resist changes in system frequency due

totheir kinetic energy. However, as renewable production begins to replace conventional

production, the ability of the system to resist these changes decreases.
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Introduction

▪ Inertia in power systems refers to the energy stored in large rotating

generators and some industrial motors, which gives them the tendency

to remain rotating, this energy can be tapped for a few seconds to

provide the grid time to respond to power plant or other system

failures.
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The Concept of Synchronous Generators Working 

Together in an Electrical Grid
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In a power grid, inertia is derived from hundreds or thousands of generators that

are synchronized, meaning they are all rotating in lock step at the same frequency



Timescale of Frequency Dynamic Control for 

Conventional Power Systems
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Clean Energy 

▪ The demand for clean energy in the modern
power system increases, driven by factors
such as fuel prices, laws, and regulations

▪ The modern power system is moving from a
synchronous machine-based system towards
an inverter-dominated system, with large-
scale penetration of renewable energy sources
(RESs) like wind and photovoltaics. 7



Power System Stability 

▪ Power system stability is the ability of an electric power
system, for a given initial operating condition, to regain
a state of operating equilibrium after being subjected to
a disturbance.

▪ Countries are transitioning from conventional power
systems towards converter-interfaced generators. With
this transformation, thus making the system dynamic
response progressively faster and more complex. 8



Future Power Stations
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Conventional

Power Stations

Source: U. Tamrakar, D. Sharestha and M. Maharjan, " Virtual Inertia: Current Trends and Future Directions," Applied Sciences, vol. 7, no. 7, pp. 654, 2017, doi:
10.3390/app7070654

Modern wind turbines are operated as variable speed and interfaced through back-

to-back converters, completely decoupling the inertia from the grid. Similarly, PV

systems and BESSs have a DC-DC converter and an inverter in the front-end, and do

not contribute to the inertial response



Frequency response in a power system following a 
Frequency Event

101010• The governor response is the primary control action typically 10–30 s

• The automatic generation control is the secondary control action typically 10–30 min

• Whenever there is an imbalance between the generation and consumption in a power

system, the generators cannot respond instantaneously. The kinetic energy stored in

the rotors is responsible for counteracting this imbalance through inertial response

until the primary control respond

Source: U. Tamrakar, D. Sharestha and M. Maharjan, " Virtual Inertia: Current Trends and Future Directions," Applied Sciences, vol. 7, no. 7, pp. 654, 2017, doi: 10.3390/app7070654
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Frequency response in a power system following 
a Frequency Event with Renewable 

Source: Tamrakar, U.; Shrestha, D.; Maharjan, M.; Bhattarai, B.P.; Hansen, T.M.; Tonkoski, R. Virtual Inertia: Current Trends and Future Directions. Appl. Sci. 2017, 7, 654. 

https://doi.org/10.3390/app7070654



Concept of Virtual Inertia 
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Inertia considering generators+ CIGs: 
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Source: U. Tamrakar, D. Sharestha and M. Maharjan, " Virtual Inertia: Current Trends and Future Directions," Applied Sciences, vol. 7, no. 7, pp. 654, 2017, doi:
10.3390/app7070654

H: Inertia Constant, second

J: System moment of inertia, kg.m2 
CIG: converter-interfaced generation 

The frequency variation in a power system after a frequency disturbance can be approximated 

by the swing equation:

For synchronous generators



Concept of Virtual Inertia 
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Source: U. Tamrakar, D. Sharestha and M. Maharjan, " Virtual Inertia: Current Trends and Future Directions," Applied Sciences, vol. 7, no. 7, pp. 654, 2017, doi:
10.3390/app7070654

Why most of  modern wind turbines are not contributed to the inertia? 



Power System Inertia

16The change in frequency per generation loss is increasing yearly with increased

RES penetration for ERCOT

Generation Loss (M)

Source: Electricity Reliability Council of Texas (ERCOT). Future Ancillary Services in ERCOT; ERCOT: Taylor, TX, USA, 2013.



Renewable Energy Projects in Oman
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PV Power Plants

IBRI (500 MW, 2021)

PV, Manah I & II 2025 (1000 MW)

IBRI II PV(500MW, 2026)

Al Kamil PV(500MW, 2027)

PV(1000 MW, 2029)

Total = 3500 𝑀𝑊

WIND Farms  

JBB (100 MW, 2026)

Duqm Wind (200 MW, 2026) 

Dhofar I (50 MW, 2019)

Dhofar II (100 MW, 2026)

Ras Madrakah (200MW, 2027)

Wind(200MW, 2029)

Total = 850 𝑀𝑊

The Sultanate aims to raise the level of renewable energy contribution to the total energy

demand to reach 20% by 2030.

The intermittent nature of renewables with this level of contribution may lead to grid

instability, especially when weather fluctuations occur.



Renewable Energy Development Plan – MIS and 
Duqm
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Source: NPWP’s 7-YEAR STATEMENT (2023-2029) 



Objective

▪ Analyze the impact of renewable energy sources

on power system inertia and the rate of change of

frequency (RoCoF) of the main interconnected

system (MIS)

▪ Developed solution to enhance the system inertia

▪ Test the developed solution under high level of

renewable penetration on the MIS
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Renewable Energy Development Plan – MIS and Duqm
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Source: NPWP’s 7-YEAR STATEMENT (2023-2029) 



Challenges
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The high-level penetration of RES to the system 
 Reduction of the system overall inertia.
 Increasing the rate of change of frequency (ROCOF) 

that can activate load-shedding controller, even at 
small load-generation mismatch. 

Many techniques have been proposed to mitigate the effects of low 
inertia on the frequency of modern grids (RES and conventional power 
systems).



MIS Inertia Level Estimation 
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MIS Inertia Constant (H) Estimation 
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Transmission Security Standard
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MICROGRID STABILITY CONTROL STRATEGIES
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𝑷𝑽𝑰=𝑲𝑽𝑰
𝒅∆𝒇

𝒅𝒕
+ 𝑫𝑽𝑰∆𝒇 + 𝑷𝟎

The power output from a

virtual inertia control module

can be described as

𝑑∆𝑓/𝑑𝑡 represents the Rate of Change of Frequency (ROCOF)

𝑓0 denotes the system's standard frequency.

𝐾𝑉𝐼 the virtual inertia constant. 

𝐷𝑉𝐼 the virtual damping coefficient. 

𝑃𝐼𝑛𝑣 the power output from a virtual inertia control 

𝑃0 the primary power directed to the inverter 



MIS Frequency Response for 5% Step Load

(a) at 100% Inertia, (b) at 82.5% Inertia

26

𝑓𝑛𝑎𝑑𝑖𝑟 = 49.76 𝐻𝑧
𝑓𝑛𝑎𝑑𝑖𝑟 = 49.78 𝐻𝑧

𝑓𝑛𝑎𝑑𝑖𝑟 =49.73 Hz



MIS Frequency Response for 10% Step Load

(a) at 100% Inertia, (b) at 82.5% Inertia
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𝑓𝑛𝑎𝑑𝑖𝑟 = 49.56 𝐻𝑧

(a) (b)

𝑓𝑛𝑎𝑑𝑖𝑟 = 49.568 𝐻𝑧

𝑓𝑛𝑎𝑑𝑖𝑟 = 49.46 𝐻𝑧



MIS Frequency Response for 15% Step Load

(a) at 100% Inertia, (b) at 82.5% Inertia
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𝑓𝑛𝑎𝑑𝑖𝑟 = 49.352 𝐻𝑧

𝑓𝑛𝑎𝑑𝑖𝑟=49.20 Hz



Summary of MIS Frequency Response Simulations-2025
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Step Load 100% Inertia 82.5% Inertia

5% 49.78 49.73

10% 49.568 49.46

15% 49.352 49.20

20% 49.093 48.94

30% 48.7 48.342



MIS Frequency Response for 15% addition of 
sudden load
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MIS Frequency Response for 15% sudden load addition at Different Levels of System Inertia



MIS Frequency Response for 20% addition of 
sudden load at 60% System Inertia
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MIS Frequency Deviation at 20% Step Load with 

Different Types of VI Controllers
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Conclusion and Recommendations

▪ The impact of renewable energy on the MIS inertia was studied.

▪ The research identified a reduction in grid inertia resulting from the

growing use of inverter-based generators, which do not contribute

inertia to the grid.

▪ Adopting the principle of virtual inertia and its implementation in the

MIS to improve the frequency response is recommended.

▪ The study developed a virtual inertia control system utilizing Type 2

fuzzy logic controllers, presenting a promising approach to managing

the challenges posed by high levels of renewable energy penetration.
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Thank you 


