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This article presents an overview of the transmission system and protection schemes
employed in the national power grid of Oman. The technical design requirements
considering the percentage of allowable limits for the different transmission voltage
levels in the power grid of Oman were considered based on the electrical standards
and grid codes of Oman. Also, the protection and fault requirements based on relay
settings and backup protection were some of the factors considered in this study.
More so, the power flow, peak, and off-peak voltage profiles of the main
interconnection and Dhofar transmission systems were analyzed in detail,
considering projections for 2021 and 2025, respectively, for effective energy
management and smart grid operations. The current protection equipment of the
power grid of Oman was evaluated, and some improvement schemes were proposed
considering the implementation of the new technology for smart grid operation. The
continuous investment in the transmission system of the Oman power grid and the
use of updated protection technology would lead to the enhancement of the
performance of the Oman transmission system to reach a high-level power
transmission availability.
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INTRODUCTION

The electricity transmission system is the essential part of the electricity network because it is the
main channel between the generation plants and the distribution networks. However, a complete
attention should be taken by the designers of the entire power grids, generation plants, the
transmission system, and the distribution system, when the power protection schemes are
designed. The main role of the protection scheme is to maintain high power availability with
safe operation in a cost-effective way. This means that the protection systems should isolate the faulty
sections, minimizing the rapier cost and maintaining the full life time of the equipment in the
power grid.

The Oman electricity transmission system with voltage levels of 33 kV, 132 kV, 220 kV, and
400 kV represents the effective channel between the power producers and the distribution companies
(Abdalla et al., 2009; Oman Electricity Transmission Company (OETC), 2011; Abdalla et al., 2012a).
This indicates the high importance of the protection schemes in Oman Electricity and Transmission
Company (OETC) networks. However, all electricity companies in Oman follow the Oman Grid
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Code and Oman Electrical standards (Authority for Electricity,
2016; Oman Electricity and Tran, 2020a), along with several
policies and agreements that guarantee the effective planning,
designing, and operation of the protection schemes of the
electricity network.

The last published number of the population in the Sultanate
of Oman is 5,175,047 (Author Anonymous, 2019), and this
number keeps increasing by the day. As a result, this will lead
to more demand of electricity, thus putting pressure on the
national power grid. Therefore, it is imperative for the
electricity sector in Oman to keep abreast with developments
and trends in modern power grids in a bid to ensuring regular
supply and security of electrical power, without interruptions.
One way of doing this is by considering stability protection as the
main target in order to prevent the inadmissible events of power
interruptions and blackouts in the power grid.

Considering the Oman neighboring countries such as Saudi
Arabia, with a power transmission network with an extended
area of 2149690 sq.km, serving a population of 35,435,144 with
1,124 substations and 84,787 km of the transmission line, it
is clear that the Oman transmission network with 83 grid
stations is a small transmission network comparatively
(Trading Economics, 2021; Saudi Electricity Company,
2020; Worldometer, 2021. In addition, the Oman power
transmission system cannot be compared to an advanced
power transmission network such as the China power grid,
with power transmission in the range of 800 to 3,000 km in
length, due to the significant differences in geographical and
demographical nature along with economic potentials (Shu
and Chen, 2018). The diversity of the geographic nature of
Oman including the long costal area and the wide area of
desert, mountains, and valleys forced the OETC to adopt a
power transmission system that could be reliable in order to
suit the geographical nature of Oman.

This work provides extensive analysis of the Oman
transmission system and the adopted standards, codes, and
policies that characterized the protection scheme in the Oman
transmission scheme. In addition, this article shows the
penetration of the new technology in the grid such as the
load dispatch center application in controlling the grid
operation. Analyzing the Oman power transmission
network according to the structure, demand, adopted codes,
and standards and the penetration of smart grids provides a
clear and efficient understanding of the network nature, which
is an essential task to overcome the challenges and enhance the
network performance as well as provide a practical tool for
future extension and increase in renewable energy penetration.
Hence, this study methodology starts with an introduction of
the Oman transmission system, followed by extensive details
of the transmission network standards and technical
protection requirements. Moreover, the power demand data
were analyzed, as well as the supply security. Recent
technologies used in Oman power grid were discussed along
with the new projects that will enhance the penetration of
renewable energy and the use of smart grid technologies. These
detailed analyses enriched with smart grid applications in the
Oman power grid show the increased progress of the Oman

electrical sector to invest in smart grid applications. In
addition, the data shown in this article provide a helpful
tool to indicate the challenges in the Oman grid
transmission system and its protection schemes.

As part of the development plans, a new 400 kV
interconnection between the Main Interconnected System
(MIS), Petroleum Development Company of Oman (PDO),
Dhofar, and the region of Duqm is presented in this article, in
line with the various pieces of protection equipment in the
power grid of Oman. The ideas presented in this article have a
positive impact on the existing power system because it will
lead to fuel saving, reduction in operating costs, and
improvement in the grid security and allow more access to
renewable energy areas, which will lead to improvement in
energy management and smart grid operations in the Sultanate
of Oman. The other sections of this article would cover the
technical design of protection schemes, the supply security and
power flow, the various pieces of protection equipment, and
improvement of the current protection schemes in the power
grid of Oman.

TECHNICAL DESIGN REQUIREMENTS

There are several technical requirements that have been
adapted in the design of Oman national power grids,
including the MIS and Dhofar power systems. First and
foremost, there was improvement in the transmission of
bulk power from the generation plants to the distribution
substation to reach the security level of supply requirements.
In addition, there was a need to reduce the load on the loaded
grid stations in order to enhance the load transferred to
existing or new grid stations. Moreover, there was an
increase in the transmission system capacity to improve the
transmission system performance in order to meet the future
demand requirements. The OETC also adapted strategic
planning concepts of developing a backbone of 400kV
systems to achieve the technical requirement goals in
improving the performance of the transmission system. The
400 kV systems of OETC are as follows (Oman Electricity
Transmis, 2020):

• Line between the Jahloot grid station and Sur power plant
• Line between the Sur power station and new Izki grid
station

• Line between the Ibri grid station and new Izki grid station
• 400/220 kV Ibri grid station
• Line between the Sohar Free Zone grid station and Shinas
grid station

• Line between the Sohar Free Zone grid station and Seh Al
Makaram (SIS)

• Line between the Sohar Free Zone grid station andMahadha
grid station

• Line between Sohar-3 IPP and the Sohar Free Zone grid
station

• Loop-in loop-out (LILO) connection from Sur to the new
Izki line
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• LILO connection from Sur to the New Izki 400 kV line at the
Qabel grid station through a 400/132 kV grid station and the
400 kV connection line to the Ibri IPP power plant

• Line between the new Izki grid station and Misfah grid
station

According to the Main Interconnection Transmission
System (MITS) strategic plan, the number of 400 kV grid
stations in the system will be 19 grid stations by 2025, with a
total capacity of 21,500 MVA, as shown in Figure 1 (Oman
Electricity and Tran, 2011). These 400 kV grid stations will
enhance the strength of the transmission network and lower the
load level on 220 and 132 kV systems. In addition, increasing
400 kV grid stations will guarantee the raise of spare capacity to
meet the supply security.

Furthermore, the 220 kV double-circuit lines connected
around the north of Oman play an important role in the
Oman transmission system by supporting the 132 kV system
and relieve the load of 132 kV. For example, a supporting 220 kV
double line has been commissioned in 2010 to link the Sohar
Interconnection Station (SIS) and Mahadha and provide a
support to the connection link between the OETC system and
the Gulf Cooperation Council Interconnection Authority
(GCCIA) grid through the United Arab Emirates (Bayram and
Mohsenian-Rad, 2016).

In addition, the compliance of the voltage level limits
defined by the grid codes is one of the technical
requirements considered in the transmission system in
OETC. Table 1 shows the voltage levels with the tolerance

allowable limits according to the grid codes of Oman (Oman
Electricity and Tran, 2020a).

Design Standards
In the designing and planning stages of 400, 220, and 132 kV
transmission systems, OETC follows Oman electrical
standards along with the grid code requirements. Oman
Electrical Standard (OES) 11 specifies the general
specifications for electrical materials and equipment, 132
kV design parameters including maximum voltage and
fault level, and if the system requires to be solidly
grounded and also describes the worst condition to be
followed in the design and planning purpose as follows
(Oman Electricity and Tran, 2011):

i. Maximum ambient temperature � 50°C
ii. Maximum surface temperature for metal surfaces � 80°C
iii. Altitude (between the sea level and 300 m above the sea level)
iv. Maximum wind velocity � 125 km per hour
v. Average annual rainfall � 117 mm
vi. Maximum relative humidity � 100%

There are several OESs which are followed by the OETC,
which can be listed as follows:

➢Oman Electrical Standard OES 25A and 25B
➢Oman Electrical Standard OES 27
➢Oman Electrical Standard OES 32
➢Standard specification for 132/33 kV Substations
➢Standard specification for 220/132/33 kV Substations
➢Standard specification for 400/220/33 kV Substations
➢Standard specification for 400/132/33 kV Substations
➢Standard specification for 132 kV Overhead Lines
➢Standard specification for 220 kV Overhead Lines
➢Standard specification for 400 kV Overhead Lines
➢Standard specification for Underground Cable Circuits
above 33 kV up to 150 kV
➢Standard specification for Underground Cable Circuits
above 150 kV up to 400 kV

FIGURE 1 | Percentage of the allowable limits for different transmission voltage levels.

TABLE 1 | Percentage of the allowable limits for different transmission voltage
levels.

Voltage level (kV) Allowable limits (%)

400 ±5
220 ±10
132 ±10
33 ±6
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However, the OETC is following its own standards in some
cases, where OESs are not applicable for the purpose of planning
and designing of 400, 220, and 132 kV transmission systems. For
example, the OETC adopted the following standards for the
parameters of outdoor transmission equipment that describes
the worst-case conditions:

➢Average minimum ambient temperature � 12°C
➢Design minimum ambient temperature � 5°C
➢Average maximum ambient temperature � 38°C
➢Design maximum ambient temperature � 50°C
➢Maximum temperature of the metal surface in direct
sunlight � 80°C
➢Mean relative humidity (max/avg.) � 86%/72%
➢Maximum relative humidity � 100%
➢Minimum relative humidity � 15%
➢Average annual rainfall � 145 mm
➢Highest annual rainfall � 638 mm

Protection and Fault Requirements
The OETC follows several transmission system protection
requirements in order to guarantee high-level transmission
performance and to play an effective channel between the
generation plants and the distribution clients. The stipulated
grid codes in Oman and Electrical Connection Agreement
(ECA) for the OETC, and other generation and distribution
companies are the required platforms to approve the
transmission protection schemes. These are described in the
following subsection

Protection and Relay Settings
It is approved that the setting of the protection relay should
be coordinated across the point of connection following
the ECA in order to provide an efficient disconnection
system of the faulty plant. According to the Data Transfer
Code (DTC), the relay protection settings and operation
values should not be modified, except when both OETC
and the user agree taking into account that the OETC or
the user shall not unreasonably withhold their consent. In
addition, the main protection faults clearance time of the user
equipment which is directly connected to the OETC
transmission network and the OETC transmission system
main fault clearance time from the starting point of the
fault to the circuit breaker arc extinction should not be
more than 100 ms. In case of any slower clearance times
for faults on the transmission system, there is a need to
write an agreement between OETC and the user or the
client, which should be specified.

The main important factor in the agreement of a slower fault
clearance time is to comply with ECA. The time setting of the
faster faults is allowed for the user equipment provided that
discrimination is achieved in order to indicate the location of the
faults in either OETC equipment or the user’s equipment. The
protection coordination of the distribution companies or the
generation plants must follow the auto-reclose policy provided
by OETC.

Backup Protection
The distribution companies and the generation plant companies
connected to the transmission system should tool up with a
backup protection at the connection point to cover any failure in
the main protection system. In addition, OETC should also tool
up with a backup protection which is coordinated with the client
backup protection for the discrimination purpose, and all these
backup protections should prevent any damage in the equipment.
The discrimination between OETC and other users is done by
making the fault clearance time of OETC protection slower than
the fault clearance time of other users. The licensed distribution
users and the direct connected users should provide a backup
protection with fault clearance time not slower than the following:

•500 ms for the protection systems including 100 main
protection and 400 backup protection in the voltage levels
of 400, 220, and 132 kV.
•800 ms for the protection systems including 100 main
protection and 700 backup protection in the voltage level of
33 kV.

Protection of User Plant and Equipment
The users of the transmission systems, either generation plant
users or distribution network users, are allowed to get the
consultation from the OETC regarding protection systems
technical requirements. However, the OETC provided a clear
recommendation to the users to enhance their system with the
precautions against any kind of disturbance that may occur in the
transmission system including the following:

• Load unbalance.
• Overvoltage.
• Undervoltage.
• Overfrequency.
• Underfrequency.
• Any combination of over-/under (O/U)-voltage or O/U
frequency that may lead to overfluxing.

• Single- and three-phase auto-reclosing.

In addition, OETC specify that in case of frequency
divergences outside the limits of 51.5 Hz to 47.5 Hz, the power
producers are responsible for their equipment protection against
any damage that may occur and they are allowed to disconnect
their plants from the system. Furthermore, power producers must
protect the generation equipment from any kind of interaction
between as follows:

➢The supply voltage waveform, frequency, and harmonics
that may occur
➢Any frequency mechanical resonance of the
generation units.

Failure of the Circuit Breaker
➢The circuit breakers in the transmission system of voltage
levels of 400, 220, or 132 kV should be provided by either
OETC or the client according to the agreement between them.
However, the circuit breaker must be equipped with a failure
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protection in order to initiate a tripping signal to the adjacent
circuit breakers to be able to eliminate the faulty current within
a total time of 300 ms from the beginning of the fault.

SUPPLY SECURITY AND POWER FLOW

The Sultanate of Oman is witnessing a steady increase in
population, where the last published estimated number of the
population is 5,175,047 (Author Anonymous, 2019), as earlier

stated. As a result, the electricity peak demand will keep
increasing, as shown in Figure 2 (Hasan et al., 2019).
Therefore, the electricity sector in Oman should keep up with
developments and updates to ensure steady power supply security
without any interruption.

The stability protection framework is used to prevent the
inadmissible events which may happen to the power system, such
as system interruptions and blackouts. Some examples of single
power blackouts which happened previously in the year of 2013
are as follows (Abdalla et al., 2012b):

FIGURE 2 | Historical and projected electricity peak demand in Oman.

TABLE 2 | Demand connections–demand class specification.

Demand connections demand class definition and supply restoration times

Demand
class

Demand class
boundaries

OETC licensed transmission system configuration

Following a system outage during the restricted period A planned outage followed by a single fault outage
during the maintenance period

Low
MW ˃

High
MW ≤

Required level of served
demand MW

Time to restore served
demand

Required level of
served demand MW

Time to restore served
demand

A 0 2

Total group demand

Repair time of the faulted
circuit

Maintenance period
demand for the demand
group

No requirement

B 2 6 3 h No requirement
C 6 20 15 min Return time of planned

outage
D 20 115 Momentary interruption

allowed
Return time of planned
outage

E 115 300 Momentary interruption
allowed

Momentary interruption
allowed

F 300 – No loss of supply for the secured events described in the MITS criteria
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TABLE 3 | Summary of connected generation used in load flow studies of maximum demand.

Power station 2021 2022 2023 2024 2025

Total Spare Gen Total Spare Gen Total Spare Gen Total Spare Gen Total Spare Gen

MIS

Al-Kamil (IPP) 291.4 291.4 0 – – – – – – – – – – – –

Barka I (IWPP) 397.5 397.5 0 – – – – – – – – – – – –

Barka II (IWPP) 688.5 172.1 516.3 688.5 106.2 582.2 688.5 57.4 631 – – – – – –

Barka III (IPP) 765.5 191.4 574.1 765.5 118.1 647.4 765.5 63.9 701.7 765.5 55.8 709.7 765.5 93.5 672
Ibri (IPP) 1,540.6 385.2 1,155.5 1,539.6 237.6 1,302 1,538.5 128.3 1,410.2 1,537.7 112.1 1,425.7 1,538.5 187.9 1,350.6
Manah Power Plant 182.2 45.6 136.7 182.2 28.1 154.1 182.2 15.2 167 182.2 182.2 0 – – –

Rusail (IPP) 693.5 173.4 520.1 – – – – – – – – – – – –

Sohar I Power & – – – – – – – – – – – – – – –

Desalination Plant 597 243.5 353.5 – – – – – – – – – – – –

Sohar II (IPP) 765.5 191.4 574.1 765.5 118.1 647.4 765.5 63.9 701.7 765.5 55.8 709.7 765.5 93.5 672
Sohar III (IPP) 1741.8 435.5 1,306.4 1739.3 268.4 1,470.9 174.7 145.2 1,595.5 1739.7 126.8 1,612.9 1739.3 212.5 1,526.8
Sur (IPP) 2018.2 504.5 1,513.6 2018.2 311.4 1706.8 2018.2 168.4 1849.8 2018.2 147.1 1871.1 2018.2 246.5 1771.7
Ibri Solar PV IPP – – – 450 0 450.5 450 0 450 450 0 450 450 0 450
Manah Solar PV IPP – – – – – – 900 – – 900 0 900 900 0 900
MIS Solar PV IPP (Adam) – – – – – – – – – – – – 450 0 450
JBB Ali wind farm – – – – – – – – – – – – 35 0 35
Duqm Wind IPP – – – – – – – – – – – – 70 0 70
External Sources 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total Gen (MW) 9,681.8 3,031.3 6,650.5 8,148.8 1,188 6,960.9 8,149.2 642.3 7,506.9 8,358.9 679.8 7,679.1 8,732.1 834 7,898.1

Gross Load (MW) 6,650.5 6,960.9 7,506.9 7,679.1 7,898.1

Dhofar

NPS 273 273 0 273 273 0 273 273 0 273 273 0 273 273 0
Salalah Power & – – – – – – – – – – – – – – –

Desalination Plant 445.5 242.2 202.8 445 200.6 244.4 445 154.4 290.6 445 109.7 335.3 445 114.1 330.9
Salalah II IPP 442 84.3 357.7 442 90 352 442 88.2 353.3 442 60.8 381.2 442 65.8 376.2
Dhofar I Wind Farm 50 32.5 17.5 50 32.5 17.5 50 32.5 17.5 50 32.5 17.5 50 32.5 17.5
Dhofar II Wind Farm – – – – – – – – – – – – 100 65 35
External sources 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total gen (MW) 1,210 631.9 578 121 596.1 613.9 1,210 548.1 661.9 1,210 475.9 734.1 1,310 550.3 759.6

Gross load (MW) 578 613.9 661.9 734.1 759.6
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TABLE 4 | Summary of connected generation used in load flow studies of minimum demand.

Power station 2021 2022 2023 2024 2025

Total Spare Gen Total Spare Gen Total Spare Gen Total Spare Gen Total Spare Gen

MIS

Al-Kamil (IPP) 291.4 291.4 0 291.4 291.4 0 – – – –- – – – – –

Barka I (IWPP) 397.5 397.5 0 397.5 397.5 0 – – – – – – – – –

Barka II (IWPP) 688.5 688.5 0 688.5 688.5 0 688.5 688.5 0 688.5 688.5 0 - - -
Barka III (IPP) 765.5 407 358.6 765.5 397.5 368.1 765.5 380.2 385.3 765.5 367.5 398.1 765.5 358 407.5
Ibri (IPP) 1,540.6 983.1 557.5 1,540.6 968.2 572.4 1,539.6 940.3 599.3 1,538.5 919.4 619.1 1,537.7 903.9 633.8
Manah Power Plant 182.2 182.2 0 182.2 182.2 0 182.2 182.2 0 182.2 182.2 0 182.2 182.2 0
Rusail (IPP) 693.5 693.5 0 693.5 693.5 0 – – – – – – – – –

Sohar I Power & – – – – – – – – – – – – – – –

Desalination Plant 597 597 0 597 597 0 – – – – – – – – –

Sohar II (IPP) 765.5 407 358.6 765.5 397.5 368.1 765.5 380.2 385.3 765.5 367.5 398.1 765.5 358 407.5
Sohar III (IPP) 1741.8 1,110.7 631.1 174.8 1,092.8 649 1739.3 1,059.8 679.5 1740.7 1,038.8 701.9 1739.7 1,021 718.6
Sur (IPP) 2018.2 1,073.4 944.8 2018.2 1,048.3 969.9 2018.2 1,002.8 1,015.4 2018.2 969.3 104.9 2018.2 944.3 1,073.8
Ibri Solar PV IPP – – – – – – 450 450 0 450 450 0 450 450 0
Manah Solar PV IPP – – – – – – – – – – – – 900 900 0
MIS Solar PV IPP (Adam) – – – – – – – – – – – – – – –

JBB Ali wind farm – – – – – – – – – – – – – – –

Duqm Wind IPP – – – – – – – – – – – – – – –

External sources 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total gen (MW) 9,681.8 6,831.2 2,850.6 9,681.8 6,754.3 2,927.4 8,148.8 5,083.9 3,064.9 8,149.2 4,983.1 3,166.1 8,358.9 5,117.5 3,241.3

Gross load (MW) 2,850.6 2,927.4 3,064.9 3,166.1 3,241.3

Dhofar

NPS 273 273 0 273 273 0 273 273 0 273 273 0 273 273 0
Salalah Power & – – – – – – – – – – – – – – –

Desalination Plant 445 347.5 97.5 445 365.9 79.1 445 334.7 110.3 445 326.1 118.9 445 322.8 122.2
Salalah II IPP 442 314.2 127.8 442 238.1 203.9 442 252.6 189.4 442 237.9 204.1 442 232.3 209.7
Dhofar I Wind Farm 50 32.5 17.5 50 32.5 17.5 50 32.5 17.5 50 32.5 17.5 50 32.5 17.5
External Sources 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total Gen (MW) 1,210 967.1 242.8 1,210 909.5 300.5 1,210 892.8 317.2 1,210 869.6 340.4 1,210 860.6 349.4

Gross Load (MW) 242.8 300.5 317.2 340.4 349.4
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-Blackout of Barka IPP,
-Blackout of Sur PP, and
-Blackout of Sohar PP.

Supply Security
OETC is responsible for delivering electricity to customers
without any interruption. However, if there is any electric
equipment out of service, such as cables, circuit breakers, and
lines, the operating voltage of the transmission system may
reduce to any level specified for such purposes in the grid
code. It is necessary that the transmission system should
follow the Transmission Security Standard (TSS) requirements
based on Table 2. It explains the boundaries of each demand class
and the security level requirements during the outage for
restricted and maintenance periods.

POWER FLOW AND VOLTAGE PROFILES
OF MITS AND THE DHOFAR
TRANSMISSION SYSTEM
The OETC transmission system load is affected by seasons in
Oman. The load in the summer season is the extreme case, while
the load in the winter season is less. By recognizing both cases,
low and high loads, it is easy to identify the transmission system
and highlight its weakness and strength. From the peak demand
information, we can notify if there is an overloading risk or not.
Also, it shows if the system voltages fall below the voltage limits,
which is defined in the grid code.

In order to ensure that OETC will cover the demand, it
conducted load flow studies of maximum load demand versus
the generation capacity of the existing plants in MITS and the
Dhofar Transmission System (DTS) for the period of 5 years

FIGURE 3 | MIS peak and off-peak voltage profiles at different power grids in 2021.
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(2021–2025), as shown in Table 3. For the peak demand case, the
reactive power backup and voltage support will be turned on. An
example of this is at 33 kV grid stations, where the capacitor
banks will be turned on. In addition, both generator–transformer
taps and generator terminal voltage are commonly set at their
nominal values.

Moreover, the minimum demand case places a risk at the
busbar voltages if it is above the voltage limits which are
mentioned in the grid codes. The shunt reactors are used in
400 kV lines at MIS under light load conditions (winter) for the
purpose of absorbing the extra amount of the reactive power. In
summer, 2023–2025, the shunt reactors in the north–south
400 kV interconnector will be installed. OETC reduced the
generation at the low load demand to a level that provides the
necessary margin of reserve capacity that is consistent with the
operational practices. In Table 4, the names of power plants
which will be in service during the minimum load demand (for
both MITS and DTS) are given.

Voltage Profile of MITS
Some points that describe the voltage profile rules at MITS are as
follows:

-As per the grid code requirements, the voltage at 400 kV
busbars should maintain within the ±5% voltage limit in both
cases of high and low demands.
-As per the grid code requirements, the voltage at 220 kV and
132 kV busbars should maintain within the ±10% voltage
limit in both cases of minimum and maximum demands.
-The voltage at 33 kV busbars should maintain within the ±6%
voltage limit in both cases of high and low demands as per the
grid code requirements.

Figure 3 shows the peak and off-peak voltage profiles at different
power grids such as 400, 220, 132, and 33 kV in the year 2021, while
Figure 4 shows the peak and off-peak voltage profiles at 400, 220,
132, and 33 kV grid stations in 2025. In the peak case, the maximum

FIGURE 4 | MIS peak and off-peak voltage profiles at different power grids in 2025.
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voltage at some 400 kV busbars reached 1.04 pu, and that is close to
the voltage limit of 5% because the busbar is close to the generation
unit. On the other hand, the off-peak state shows that the voltage
reached 1.00 pu, and this is because the load is consumed at a low
reactive power. In order to control the voltage and operate it within
the limits, shunt reactors will be installed here. Depending on the
load, the voltage at 220kV and 132kV busbars can change within the
allowable range and the voltage at the grid supply points is
maintained at almost a 33 kV level (equal to 1.0 pu).

Voltage Profile of DTS
Some points that describe the voltage profile rules at DTS are as
follows:

• As per the grid code requirements, the voltage at 132 kV
busbars should be maintained within the ±10% voltage limit
in both cases of maximum and minimum demands.

• The voltage at 33 kV busbars should be maintained within
the ±6% voltage limit in both cases of high and low
demands, as per the grid code requirements.

Figure 5 shows the peak and off-peak voltage profiles at
different power grids of 132 and 33 kV in the year 2021, while
Figure 6 shows the peak and off-peak voltage profiles at 132 and
33 kV grid stations in 2025.

Depending on the load, the voltage at the 132 kV busbar can
change within the allowable range and the voltage at the grid
supply points is maintained almost at the 33 kV level.

SYSTEM DESIGN AND OPERATIONAL
VALUES

In order to determine the system parameters under various
conditions, the grid codes are followed with respect to voltage
and frequency. Figure 7 summarizes four conditions that are
used to determine the system parameters based on the following
conditions:

• Normal conditions: They are the preferred conditions of the
OETC licensed transmission system.

• Disturbed conditions: The voltage values here are equal to
nominal standards, while the frequency limits are changed.

• Stretched conditions: Here, they have two parts:
- Continuous stretched conditions: not dependent on time.
- Time-limited stretched conditions: cannot last for more
than 60 s.

• Unacceptable conditions: They refer to the conditions which
are not allowed in operation planning and design (EPRI,
2005; Ota et al., 1996).

FIGURE 5 | DTS peak and off-peak voltage profiles at different power grids in 2021.
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Load Dispatch Center
One of the OETC responsibilities is to achieve a balance between
load and demand, as shown in Figure 8. This can be done through a
Load Dispatch Center (LDC), which controls the generation output

for both power systems, MIS and Dhofar Power System (DPS). On a
daily basis, it distributes the generation based on availability. In some
circumstances, LDC sends dispatch instructions to the generators
because the system frequency is out of the standard limits.

FIGURE 6 | DTS peak and off-peak voltage profiles at different power grids in 2025.

FIGURE 7 | Operational values for system design.
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VARIOUS PROTECTION EQUIPMENT IN
THE CURRENT POWER GRID OF OMAN

The total grid stations in theOmannational power grid, including the
main interconnected system and Dhofar system, are 94 grid stations,
with a high power system availability of 98.972%. The lengths of
400 kV, 220, and 132 kV transmission lines are 1,382.75, 1959.89, and
4,369.3 km, respectively. Several types of protection relays are used in
the protection system of the OETC transmission system, which are
listed in Table 5 (Oman Electricity and Tran, 2020b).

IMPROVEMENT OF THE PROTECTION
SCHEMES IN THE OMAN POWER
NETWORK FOR SMART GRID
OPERATIONS

Implementation of the New Technology
The purpose of protection schemes is to protect individual elements
in the power system from getting damaged. Also, protection schemes

are used for power system security. One of the development
technologies in power system protection is avoiding system
blackouts using the wide area monitoring (WAM) topology
(Okedu et al., 2019; Okedu and WaleedALSalmani, 2019; Al-Badi
et al., 2020; Abdallah Al-Balushi et al., 2021). It provides a real-time
view for the dynamic behavior of a power system. Through different
locations of the power system, WAM collects measurements,
combines it, and then transfers it to a single snapshot in a given
time. Moreover, this type of technology is more useful in the
protection scheme, which needs lower requirement of speed. It is
used in adaptive system protection, novel system integrity
protection, or a new protection concept. A communication
infrastructure is needed for the wide area systems. This
communication must ensure that the measurements which are
sent from WAM to the protection functions are reliable and fast.
As a result, the protection function will be sufficient. The following
are the benefits of using WAM in protection systems:

• Managing and addressing the disturbances of the wide area.
• Avoiding inappropriate relay settings for the prevailing
system conditions.

• Reducing the hidden failure impacts.
• Ensuring that there is an appropriate balance between the
security and dependability of protection. In OETC
protection applications, the following important groups
of technologies are considered:

• Using phasor measurement units (PMUs), WAM, and
global positioning system satellite signals for
synchronized measurements of phasors in real time.

• Line differential protection technology.

Development of New Projects
The power system in Oman consists of four separated networks,
which are as follows:

FIGURE 8 | Tasks of the load dispatch center in the Oman power grid.

TABLE 5 | Protection relay type and manufacturers.

Model Manufacture

Numerical synchro check and voltage relays General Electric
UR&UR Plus L30, L90, D60 General Electric
UR&UR Plus B90, B90plus General Electric
UR&UR Plus F60, T60, T35 General Electric
UR&UR Plus N60, N90, C30, C90 General Electric
Protection relay 352, B487,451, E487, R651,321,411L SEL
Phase and ground distance relay 321 SEL
Breaker failure relay 352 Bus Differential B487 Breaker failure relay 451
Protection, automation, bay control system transformer protection relay E487

SEL

SIPROTIC compact Siemens
SIPROTIC-4 Siemens
RE61 series and RE63 series ABB
MICOM Px4x series MICOM Grid solution
Protection relay: PCS-931, PCS902, RCS921,
PCS978, PCS9671, RCS9625, PCS9611

NR Electric

Protection relay: GRL100, GRZ100, GRC100, GRD110, GRD140, GRT100, GRB150,
GBU100

Toshiba

87Ltype: 7SD52214AB299EJO2909 Siemens
F50/62BF type: 7SJ8021-5EB261FA0/CC Siemens
Protection relay siprotic-5 series Siemens
RMS auxiliary relay (trip supervision auxiliary test terminal block) Siemens
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-The northern side: MIS.
-The southern side: DPS.
-AD DUQM power system.
-Musandam power system.

At the moment, the northern systemMIS and southern system
DPS are connected through 132 kV (PDO system). In order to
enhance the existing power system in different sides, a new
agreement was made between OETC and Oman Power and
Water Procurement Company (OPWP) for future 400 kV
interconnection between MIS-PDO-DPS and the AD DUQM
power system.

The 400 kV north–south interconnection project has different
positive effects on both economic and the technical aspects. It will
enhance the dispatch coordination which will lead to fuel saving.

Moreover, there will be increment in integrating renewable
energy systems. Also, by sharing spinning reserves, the
operating cost will be reduced. And, the most important
benefit is the improvement of power system security and
energy management for smart grid operations.

Technical Criteria
Voltage Scenario
As shown in Table 1, the voltage range at 220 and 132 kV
busbars in the pre-contingency should maintain within a ±5%
voltage limit, while it should maintain a ±10% voltage limit in
the post-contingency state. On the other hand, the voltage
range at the 400 kV busbar in the pre-contingency state
should maintain within a ±2.5% voltage limit. In addition,
it should maintain a ±5% voltage limit in the post-
contingency state.

Fault Clearing Time Scenario
Table 6 shows the minimum fault clearing time for the
equipment or any faulted line in different voltage levels. From
Table 6, the fault clearing time should be less than 100 ms in
400 kV, while in 132 and 220 kV, it should be less than 120 ms
(Riyami, 2021).

FIGURE 9 | Shinas, Liwa and Sohar transmission protection schemes.

TABLE 6 | Fault clearing times.

Voltage (kV) Main protection clearing
time (ms)

400 100
220 120
132 120
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Voltage Stability Scenario
In order to protect the equipment and load, there is a limit for the
fault time and the voltage after faults. After 0.5 s of clearing the
fault, the voltage should be more than 0.7 pu, and after 10 s, the
voltage should not exceed 0.8–0.9 pu.

Short-Circuit Rating Scenario
Based on the equipment fault level and standard, the
maximum single-phase and three-phase short-circuit
rating can be determined. Some typical protection schemes
in the Oman power grid are shown in Figure 9 for the Shinas,
Liwa and Sohar transmission protection schemes and
Figure 10 for the Bahla and Sumail transmission
protection schemes.

CONCLUSION

The technical design of the protection schemes of the Oman
electricity transmission system has been discussed considering
the technical requirements and the nature of the transmission
system. The OETC follows different standards that frame the
protection scheme of the transmission network such as Oman
grid codes and OESs. However, there are several situations

where these standards are not applicable for the planning and
designing of 400 and 220 kV circuits. Hence, The OETC
developed its own standards and policies along with the
existing standards in order to overcome any challenges in
the future investments on the transmission system, especially
in the 400 kV system, for effective energy management. The
continuous investment in the transmission system of Oman
power grids and the use of updated protection technologies led
to the enhancement of the performance of the Oman
transmission system and a high power transmission
availability of 98.972%.

The specified voltage levels, the grid codes, the system
standards, and the balance between demand and the
generating power are all part of stability protection
frameworks, which were considered in this study. It is used
to prevent the inadmissible events which may happen in the
power system, like power interruption and blackouts.
Consequently, there is a need for new technologies that are
used in the power grid of Oman in order to enhance the
protection schemes. Moreover, there is a new development
project for improving the power security by interconnecting
the southern and northern parts of the country. The technical
analysis and the improvements obtained from this
interconnection would lead to economic and technical

FIGURE 10 | Bahla and Sumail transmission protection schemes.
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benefits. It will connect MIS-PDO-Dhofar with the Duqm area
by using a 400 kV interconnection. Other technical benefits
may include voltage stability, a short circuit, and the fault
clearing time. The diversity of the geographical nature of
Oman is an essential challenge in the operation of the
Omani national grid. Consequently, the electricity network
of Oman includes four separated systems: MIS, DPS, the
Musandam power system, and the AD DUQM power
system. This separated power structure may be one of the
challenges that will be encountered in the implementation of
smart grids due to the penetration of renewable energy
systems.
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