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The increasing need for energy in the modern world cannot be met solely by
conventional energy resources. One essential component of a technological
revolution is electricity. Fossil fuel combustion currently provides the
majority of the world's electrical needs but at the expense of damaging the
environment. Nonconventional and environmentally friendly methods of
producing power are taken into consideration to close the gap between
supply and demand for electricity. Renewable energy systems (RESs) offer
an adequate option to reduce the issues developed owing to greenhouse
gasses. The main difficulties in power system dynamics, regulation, and
automation brought about by the incorporation of renewable power plants are
discussed in this paper. The primary areas of research going ahead will be
distributed production power plant integration issues and control of electrical

Automation
Power plants

distribution networks. This paper addresses these subjects as well. This study
examines the automation-related potential and constraints associated with
incorporating a larger proportion and penetration of renewable energy as part
of the grid modernization goal.

Corresponding Author:

Jayakumar,

Lecturer, Electrical Section, Engineering Department, College of Engineering & Technology,
University of Technology and Applied Sciences - Shinas, Sultanate of Oman .

Email: Jaya.Kumar@utas.edu.om

1. INTRODUCTION

Numerous components, both controllable and non-controllable, that perform different functions
make up hundreds of thousands of power systems. To maintain the power supply, this intricate operation
necessitates excellent automation. Currently, available power systems have the maximum level of automation
at the transmission and distribution systems, respectively, represented by the energy management system
(EMS) and distribution management system (DMS) [1]. In addition to several real-time and offline power
system applications, these automation systems also comprise the supervisory control and data collecting
systems. The installation of renewable energy sources, such as solar and wind has grown in popularity in
recent years as a result of environmental concerns and global changes in petrol and oil prices.

Depending on their generation capacity, these power plants may be incorporated into the
transmission and distribution networks of the power systems. Through the transmission system, large-scale
wind and solar power plants with a capacity ranging from hundreds to thousands of megawatts are
interconnected. Concerns regarding the dynamics, oversight, and automation of power systems have
increased due to the unstable and changeable nature of the electrical power generated by renewable power
plants as well as the topological modifications they force upon the system. The primary driving force behind
this study's discussion of the opportunities and difficulties in these areas that are troubling is this.
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Figure 1.1. Diagram of the Integrated Wind, Solar, and MHP Combination

When renewable energy sources are combined, IRES can combine benefits like energy conservation
and efficiency. When diverse renewable energy sources are used in concert, the need for energy storage is
reduced and power supply reliability and quality are raised. To control the stochastic behavior of renewable
energy resources like solar and wind, these systems are invariably integrated with storage devices for
independent uses. A wind-solar-MHPH integrated system is depicted in Figure 1.1. In 2012, the final energy
consumption in the world came from renewable sources to the tune of 16%. Traditional biomass, mostly used
for heating, accounted for 10% of the total, while hydroelectricity contributed 3.4%. Small hydro,
contemporary biomass, solar, geothermal, wind power, and biofuels are among the new renewable sources
that contributed 2.8% and are expanding at a very quick pace. About 19% of electricity is generated by
renewable sources [2], with hydroelectricity accounting for 16% of global electricity production and new
renewables for 3%. However, the vast majority of nations worldwide do not have RESs as a significant
component of their energy mix. As a result, governments have begun offering incentives to businesses
interested in putting money into RES electricity generation, which typically uses solar and wind energy.
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Figure 1.2 DC Linked Design of a Tiny Integrated Hydro-Wind-Solar Combination

All renewable energy sources are linked to the single DC bus in this setup via appropriate power
electronics interface circuits. Direct connections to DC buses are made by energy sources that generate DC
electricity. To keep the user's DC voltage level consistent, DC/DC converters service DC loads from the DC
bus. By using an inverter, this setup can also provide power to AC loads. Since synchronization is not
necessary to combine several energy sources [3], DC-linked schemes are straightforward. Under this plan, the
entire system will not be able to supply electricity to the AC load if the inverter fails. Several modest rating
synchronized inverters connected in tandem to provide AC power could solve this issue. Figure 1.2 shows a
modest hydro-wind-solar integrated structure with a DC-connected arrangement.

This paper provides a thorough analysis of several topics about IRES in stand-alone mode, including
integration configurations, storage choices, sizing techniques, and IRES system control. Section 2 provides a
variety of integration setups for incorporating renewable energy sources. The storage technology possibilities
for integrated systems are covered in Section 3. Section 4 provides a mathematical model for converting
renewable energy sources into usable energy. Section 5 presents the discussions and results of the IRES
review effort.

2. LITERATURE REVIEW

Shahid, A. et.al [4] Using traditional transmission lines, the primary grid, which is a sizable
generator equipped with an excitation system and a secondary control, functions as the major utility
providing power. Conversely, electric power converters link dispersed generators (RESs) to the grid via
interfaces that can be static or dynamically coupled. This hybrid and distributed power source design, in
combination, is a highly efficient way to control several dynamic electrical characteristics. The system can be
configured to solely employ the most cost-effective power sources, or it can combine efficiency and
dependability in ways that are specific to the load demand, dumping extra power into the storage units.

Egeland-Eriksen, T., et.al [5] By 2040, the IEA predicts that about one-third of the world's
electricity will come from sporadic renewable energy sources like solar and wind. This will necessitate
finding ways to store electricity on a massive scale for an extended period. One potential technology is
hydrogen generation and storage. Hydrogen can be stored in a variety of ways for later use. Thus far,
compressed gas has been the most often used approach. Storing it as a liquid at extremely low temperatures is
an additional technique. Other methods for storing hydrogen include chemisorption with metal hydrides or
physical adhesion on a solid material's surface, known as physisorption.

Holjevac, N., et.al [6] In addition to modeling the production of power, it is crucial to identify
specifics related to electricity consumption. The majority of Croatia's electricity-intensive industries are
found close to the country's sizable thermal power facilities in the country's north. In contrast, Croatia's
coastal region is less industrialized, with tourism serving as the primary driver of development. Due to the
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seasonal nature of tourism, which results in exceptionally high summer electricity demand and relatively low
winter electricity consumption, this hurts the Croatian power system. Peak demand during summertime is
many times greater than that during the winter. Each season's distinctive power flow direction is impacted by
this seasonality.

Akhtar, 1., etal [7] The inclusion of renewable energy sources gives the load distributor more
operational flexibility. It is possible to modify the bidirectional flow of power in a hybrid energy system that
is connected to the grid and the variable generation of renewable electricity by exploiting the flexible
properties of renewable energy sources. There are fewer network problems when a grid-connected hybrid
energy system is operating. Renewable energy sources are a source of supply that the utility grid can give and
take. The opposite direction power, or power from both the external grid and renewable energy resources, can
be used to power various loads in this operating mode.

Paiva, J. E., et.al [8] A controlled electrical consumption in a generation system with stochastic
sources is the primary goal of the current setup. The system must be able to supply a predetermined constant
power with fluctuating wind and sun power and use a storage unit to balance out any excess or deficiency in
power from renewable sources. A DC bus serves as the link between these three components. DCeDC
converters are responsible for power control. In addition to providing control references for the various
converters' operations, a central supervisor gathers the voltage and current required to evaluate the various
elements' operational states. Individual control algorithm developers work with the supervisor to define the
converters' control signals.

Kumar, S., et.al [9] The erratic properties of renewable energy sources must be taken into account in
EPSs. Why analysis of uncertainty parameters is necessary is also mentioned. Possibilistic and probabilistic
handling techniques are necessary for "uncertainty,” which causes the system to become unreliable. Fuzzy
arithmetic is utilized in the Possibilistic Approach to solve problems with unknown parameters represented
by fuzzy membership functions. The modeling of uncertain characteristics in a probabilistic approach is
carried out using probability density functions (PDFs), which are further evaluated using the MCS and point
estimation techniques.

Panda, A., et.al [10] Despite the widespread acceptance of the benefits of EES installations for
power system operations, there are still some significant obstacles associated with their deployment. These
include the following: (1) choosing the best type of storage facility for a power system network (small,
medium, large, or hybrid); (2) analyzing the techno-economic operational aspects of preservation integration;
(3) comparing the achievement of various storage-integrated hybrid power networks; and (4) providing a
state-of-the-art survey that takes into account the use of small to large scale EES on various power structure
applications.

3. METHODS AND MATERIALS

3.1 Problems and fixes for integrating VRE

High degrees of VRE integration into electric power systems provide several difficulties. A variety
of potential solutions will be reviewed along with a discussion of some of those difficulties with an emphasis
on operational issues in this part. The answers are always location- and system-specific, and they might or
might not work in particular circumstances.

The variability of the supply and how to compensate for it across several periods are the primary
VRE attributes that need to be addressed. There are several technical options to build more adaptable grids
that can support higher amounts of VRE because VRE is not dispatchable. It explains several integration
choices and how they might increase power systems' VRE.
3.1.1 Variable resource variety in geography

Comprehending the advantages of spatial diversity in changeable resources is crucial. The system-
wide variability decreases noticeably as you extend the VRE over a region. Several researchers have looked
into how to lower the overall variability of the system for both solar and wind power [11]. Only as the scale
of the interconnected system grows is this feasible, even some tiny institutions might not have the resources
to increase the geographic diversity within their network. The fact that wind and sun energy are frequently
complementary to one another depending on location is another intriguing aspect of diversity. These might be
seasonal as well as daily additions.
3.1.2 Forecasting of Renewable Energy

Operating ultra-high renewable systems requires the ability to estimate the VRE output, unless large
reserve margins are built in to accommodate for the possibility of not being able to foresee future VRE output
predicting can have a variety of effects and values at various predicting horizons, from one day ahead to
several minutes ahead. Forecasting of renewable resources functions similarly to dispatchable generation
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scheduling. Predicting VRE output accurately can guarantee the most economical systems and drastically
lower reserve margins. New forecasting methodologies have proven increased value above and beyond
enduring prediction, and the usefulness of sustainable prediction has been investigated to include higher VRE
penetrations.
3.1.3 Generator adaptability

The flexibility of a generator encompasses the capacity to function at low output levels and
gradually increase and decrease power. When attempting to combine load and available generation, the
scaling power of the current generation is a crucial factor. Ramping capabilities must be available because
high levels of VRE can result in significant changes to the net loads observed by other generators. Another
important consideration is the current generator's lowest demand, as this often indicates the maximum
amount of VRE that may be operated at any one time.
3.1.4 Energy conservation

In systems where VRE levels are exceptionally high, energy storage is essential. Energy storage can
serve various functions, including regulation, load afterwards, and energy transference to either contribute or
absorb electricity from the electrical grid, in scenarios where there is an excess or shortage of renewable
energy. An extensive overview of the many energy storage options that can be included in electric power
systems can be found. Even though it is substantial, the quantity of energy storage needed in large-scale
power systems to achieve ultra-high levels of VRE may only represent a small portion of the system's total
size. The research named Renewable Electricity Futures (REF) was carried out by the National Renewable
Energy Laboratory.
3.1.5 Load management

Using load control to change demand is another way to raise the amount of VRE. Systems can be
built to consume energy when VRE power is available, as an alternative to constructing grids to deliver
electricity when loads want it. In this case, the generation will not follow loads. Instead, the load starts to lag
behind its generation. In addition to being able to adjust power and energy consumption during the day,
controlled loads can also serve as storage by precooling or warming the heated air of structures.

According to references, one of the most underutilized resources for reliability is the use of
responsive loads, which can balance over a wide range of periods, from seconds to seasons.

3.2 Different Small Power System Types

Rural and isolated locations are primarily served by small power systems. Mini-grid installations
have increased in tandem with declining costs for inverter, solar, and wind technologies. Small power sources
can be divided into many groups based on how they are connected to the main network: grid-tied and off-grid
generators are the two broad types.
3.2.1 Disconnected Systems

Off-grid power systems make up the majority of small power installations that are specifically
engineered and optimized to satisfy the power demands of remote locations. There is no connection between
an off-grid system and the main electrical grid. The size and uses of standalone systems range greatly, from
timepieces and calculators to remote buildings and spacecraft.
3.2.2 Grid-Connected Systems

A system that is grid-connected transfers energy directly into a larger independent grid, usually the
public electricity grid. To feed power into the grid, a synchronizing grid-tie inverter—also known as a grid-
interactive inverter—must convert DC to AC.

3.3 AES power system reasons and requirements for control

The Integrated Power System is the foundation for modern AES configurations. IPS, as illustrated in
Figure 3.1, is a concept in which the electric drive propeller system and the ship service electrical
infrastructure are powered by a single electric bus [12]. Power production, transmission, power electronics
converters, and electrical loads, such as propulsion and service, are all components of a conventional IPS.
The IPS has benefits over the typical ship mechanical propelling system, including less noise, more
survivability, fewer primary movers, lower energy usage, and easier general layout.

Integration of Electrical power systems based on Renewable energy systems
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Figure 3.1 Schematic of the Integrated Power System

For electrical propulsion, modern ship loads need a significant quantity of electricity, while at the
same time particularly about the EPMACS, several configurations are under consideration; however, the
most prevalent concept has not yet emerged. This is because, while the AES electrical system structure is still
developing, moving from more conventional AC network arrangements to multi-zonal moderate voltage DC
arrangements, there is still a dearth of experimental data to warrant the results of simulations. But in both
cases, because of the great variety of AES electrical systems and the interconnection of various power
modules, there is an increasing interest in hierarchy and decentralized designs.

4. IMPLEMENTATION AND EXPERIMENTAL RESULTS

Table 1 displays the particular relevant variables of the comparable load in each of the scenarios.
The statistics presented in Table 1 demonstrate how the installation of the CSP plant greatly lessens the highs
and lows, whereas the greatest peak-valley differential of the corresponding load remains relatively constant
in the solar power generating system without the CSP plant. The load fluctuation can be represented as
comparable load variance. The comparable load variation is increased by the renewable energy generating
system without CSP because of its unpredictable production.

By adding the CSP plant, the detrimental effects of clean energy sources on conventional thermal
power generation are effectively mitigated. Peak shaving costs are passed on to the sustainable energy
generation structure [13], thereby lowering the cost of producing thermal power units as their load decreases.
When the thermal power unit carries the whole load, it is referred to as the initial scenario in Table 2. The
influence of the green energy system's uncertainty on the heating units' dispatch is reflected in the start-up
cost. The specific wind power usage and abandoned data are displayed in Table 3.

Table 1. The particular Relevant Variables of The Comparable Load in VVarious Scenarios

C Ther PV Wind CSP Total
ase mal power Cost (S) power ($) Cost ($) Cost (%)

cost

1 33540 23461 27976 _ 36684
9.66 6.66

2 33873 23461 30184 _ 38237
2.22 7.22

3 33582 23461 30352 _ 36963
441 7.41

4 29645 23461 35400 35536 36089
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Table 2. The cost Criteria For Producing Heat Power in Various Scenarios
Cas Peak Valley Maximu Equivalen
e m peak-valley t load mean
difference square error
Uni 690 410 370 6547.526
que load
PB 690 445 345 5279.9427
DR load
2 665 410 355 5865
2 642 440 302 5830
4 635 440 295 5651
5 567 360 307 5422
Table 3. Utilization of Wind Energy And Disengagement in Various Scenarios
Circ Workin Start Tota Tot Unit
umstance g Cost($) -up cost ($) I cost ($) al power power group cost
group $
Origi 380841. 4380 3842 207 36.51
nal 45 21.45 25
2 331109. 5300 3354 103 35.23
66 09.66 35
3 334772. 4960 3387 104 35.31
22 32.22 35
4 331984. 4840 3358 104 35.08
41 24.41 06
5 292917. 4540 2964 914 34.13
16 57.16 1

Wind energy production and the CSP plant's effect, Wind power generating is the form of clean
energy technology that is most vulnerable to unpredictability. The comparison of the four scenarios'
abandoning power and wind power usage is displayed in Figure 4.1. The specific wind power usage and the
abandonment data are displayed in Table 1.

Wind Pwer Consumption

6

Case 1

Time (h)

e Case 2
Case 3

Figure 4.1. Wind power generation under various scenarios
Compared to the previous cases, Case 4's wind electrical consumption rate is much higher. It is clear
from the curve that Case 4's wind electrical consumption rate is larger than that of the other examples almost
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the entire day, especially during the 9-13 the evening interval. Figure 4.1 illustrates that Case 4 only
experiences a partial windy desertion event throughout the early stages.

14

12
_ 10
(5]
=
o
T s
5 B -\ /. Unit 3
E == Unit 1
ik Kv//‘

2

0 T T T 1

0 2 4 6
Time (h)

Figure 4.2. Case 3's e Thermal Unit Output in Terms of Total Wind Electrical Consumption

Moreover, Table 2's data demonstrate that the CSP plant's addition lowers the wind power
curtailment rate to 7.34%. Compared to the other measures, there is a discernible improvement in wind power
absorption with the CSP plant included. After all energy produced by natural sources has been used, Figure
4.2 shows the final output of the heating and cooling units in Case 3, facilitating a closer look at the CSP
plant's operation and the reasons behind the abandonment. It is evident from the comparison of Figure 4.2
that unit 3's production is primarily impacted when wind power is absorbed. Figure 4.3 shows the heat power
unit 3's cost operation, which is connected with the unit's production and the number of unit start-ups.

IIRJET, Vol. 9, Issue. 2, December 2023: 01 - 10



IRIET ISSN: 2456-1983 0 9

[72]
£ : m Unit Generation cost
o 27
% 15 m Powe Generation
° 1 - cosr
g
o 0.5 -
©
o 0
20
25
30
35
Output Power

Figure 4.3. The thermal power units 1 and 3's cost occupation

Figure 4.3 illustrates that, in the case of full load operation, the quantity of starts has no discernible
effect on unit 3's power-generating cost. However, the unit's cost is more directly impacted by its output, it
increases the power generation cost of the unit when the output is erratic. Thus, [14], Case 3 has a high
number of wind abandonment scenarios; the CSP plant's inclusion guarantees the thermal power units' steady
operation even at high wind utilization rates.

It transfers the peak shaving requirement to the CSP unit, so guaranteeing the rate of wind power
consumption and reducing the thermal power generation cost. Additionally, the graphic demonstrates that the
unit power generating cost is devoid of the quantity of units. decreases as output power increases.
Additionally, unit 1's large capacity unit energy production cost is higher than unit 3's low output electricity
unit generation cost.

5. CONCLUSION

Power system operators have historically used dispatchable centralized power facilities to match the
load. However, when wind and solar energy facilities are present, this becomes more problematic due to their
unpredictability and fluctuation. Determining the system'’s security and instability margins gets more difficult
in steady-state analysis. Furthermore, because renewable power plants frequently have power electronics
interfaces that isolate them from the system, their contributions to system dynamics are complex,
unpredictable, and reliant on the controller that is utilized in their interface

Unit 1's cost is less than Unit 3's minimal power-generating cost when it is operating at full load.
The power generating cost function and pertinent statistics for thermal power units show that large-capacity
units have high start-up costs and low full-load operating costs. Small capacity units, on the other hand, have
minimal start-up costs but comparatively high operational costs. As a result, the base load is frequently
handled by the large-capacity units, and the peak shaving is handled by the small-capacity machines. It is also
possible to lower the generation of thermal power and comprehensive power. Future research will aim to
further improve the system's model while also investigating the possibility of solar thermal power plants and
accounting for both the power generation model and the system's profitability.

REFERENCES

[1] Sajadi, A., Strezoski, L., Strezoski, V., Prica, M., & Loparo, K. A. (2019). Integration of renewable energy systems
and challenges for dynamics, control, and automation of electrical power systems. Wiley Interdisciplinary Reviews:
Energy and Environment, 8(1), e321.

[2] Chauhan, A., & Saini, R. P. (2014). A review on Integrated Renewable Energy System based power generation for
stand-alone applications: Configurations, storage options, sizing methodologies and control. Renewable and
Sustainable Energy Reviews, 38, 99-120.

Integration of Electrical power systems based on Renewable energy systems



10

a ISSN: 2456-1983

(3]

(4]
(5]

(6]
[7]
(8]
(9]

[10]

[11]
[12]

[13]

[14]

Di Fazio, A. R., Erseghe, T., Ghiani, E., Murroni, M., Siano, P., & Silvestro, F. (2013). Integration of renewable
energy sources, energy storage systems, and electrical vehicles with smart power distribution networks. Journal of
Ambient Intelligence and Humanized Computing, 4, 663-671.

Shahid, A. (2018, October). Smart grid integration of renewable energy systems. In 2018 7th International
Conference on Renewable Energy Research and Applications (ICRERA) (pp. 944-948). IEEE.

Egeland-Eriksen, T., Hajizadeh, A., & Sartori, S. (2021). Hydrogen-based systems for integration of renewable
energy in power systems: Achievements and perspectives. International journal of hydrogen energy, 46(63),
31963-31983.

Holjevac, N., Baskarad, T., Dakovi¢, J., Krpan, M., Zidar, M., & Kuzle, 1. (2021). Challenges of high renewable
energy sources integration in power systems—the case of croatia. Energies, 14(4), 1047.

Akhtar, 1., Kirmani, S., & Jameel, M. (2021). Reliability assessment of power system considering the impact of
renewable energy sources integration into grid with advanced intelligent strategies. IEEE Access, 9, 32485-32497.
Paiva, J. E., & Carvalho, A. S. (2013). Controllable hybrid power system based on renewable energy sources for
modern electrical grids. Renewable energy, 53, 271-279.

Kumar, S., Saket, R. K., Dheer, D. K., Holm-Nielsen, J. B., & Sanjeevikumar, P. (2020). Reliability enhancement
of electrical power system including impacts of renewable energy sources: a comprehensive review. IET
Generation, Transmission & Distribution, 14(10), 1799-1815.

Panda, A., Dauda, A. K., Chua, H., Tan, R. R., & Aviso, K. B. (2023). Recent advances in the integration of
renewable energy sources and storage facilities with hybrid power systems. Cleaner Engineering and Technology,
100598.

Kroposki, B. (2017). Integrating high levels of variable renewable energy into electric power systems. Journal of
Modern Power Systems and Clean Energy, 5(6), 831-837.

Lu, X., & Cheng, L. (2021). Day-Ahead Scheduling for Renewable Energy Generation Systems considering
Concentrating Solar Power Plants. Mathematical Problems in Engineering, 2021, 1-14.

Patsios, C., Antonopoulos, G., & Prousalidis, J. (2012, October). Discussion on adopting intelligent power
management and control techniques in integrated power systems of all-electric ships. In 2012 Electrical Systems for
Aircraft, Railway and Ship Propulsion (pp. 1-6). IEEE.

Bhandari, B., Lee, K. T., Lee, G. Y., Cho, Y. M., & Ahn, S. H. (2015). Optimization of hybrid renewable energy
power systems: A review. International journal of precision engineering and manufacturing-green technology, 2,
99-112.

IIRJET, Vol. 9, Issue. 2, December 2023: 01 - 10



