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Abstract

With growing global concerns about environmental impacts and the need to accommodate load growth,
distribution power operators are increasingly focusing on integrating Distributed Generation (DG) into their
systems. However, the integration of DG alters the power flow configuration from a unidirectional to a
multidirectional system. As a result, it is crucial to assess the margin required to maintain proper protection
coordination when incorporating DG into a power system. Achieving this requires careful placement of
protection devices and effective coordination between relays. This study reviews existing research on the impact
of DG integration on the coordination of protective devices in power system protection.

Keywords: Distributed Generation, Protection Relay, Protection Coordination, Load Growth, Distribution
System.

1. INTRODUCTION

The protection system is a crucial component of any power network, designed to detect and isolate faults
when they occur. Typically, distribution systems are configured in a radial design, where power flows from
the source to the connected customers [1, 2].These systems include protection devices such as fuses,
reclosers, relays, and circuit breakers, which are relatively simple in design. These devices are coordinated
to interrupt the unidirectional flow of fault currents from the source toward the fault point [3. 4].

In response to the growing demand for electricity, distribution system operators are increasingly focusing
on incorporating Distributed Generation (DG) into their networks to accommodate load growth from
customers [3-9]. DG refers to electric generators located close to the point of use, capable of supplying
power directly to local customers or being interconnected with utility grids. DG technologies are broadly
categorized into two types: renewable technologies (such as photovoltaic and wind turbines) and non-
renewable technologies (such as combustion turbines and fuel cells) [10]. Renewable DG technologies, in
particular, offer significant environmental benefits compared to non-renewable alternatives. A selection of
available renewable DG technologies is summarized in Table 1 [11-18].

The integration of DG into electrical power networks provides various economic, environmental, and
technical advantages [12, 13, 17]. However, one critical aspect of this integration is ensuring that DG is
properly connected to the utility grid system in a way that maintains protection. System protection
becomes a major challenge when interconnecting DG, as improper coordination could pose significant risks
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to both personnel and equipment. Addressing these protection issues is vital for the safe and efficient use
of DG within the power grid [19, 20].

Table 1: Options for Small Scale Distributed Generation

Type Size Range (kW) Electrical Efficiency (%) Applications

Biomass energy 5-10000 40-50 Co-generation  and
grid Support

Fuel Cells 1-1000 41-66 Co-generation  and
grid support

Micro Turbines 30-5000 20-35 Stand-by power,
reliability, power
quality and
cogeneration

Photovoltaic Arrays 1-100 5-15 Base load, peak
shaving

Reciprocating Engines  5-7000 25-45 Backup power, base
load, grid support
and peak Shaving

Stirling Engines 1-25 12-20 Vehicles,
Refrigeration
Aircraft, Space

Wind systems Several kW-5000  20-40 Remote power, grid
Support

A. Effects of Distributed Generation on System Protection

Electrical power networks are susceptible to faults and power quality issues, which highlight the need for
effective system protection [21, 22]. Power system protection involves detecting faults in power system
components and isolating the affected areas. Its primary objectives are to safeguard the public, enhance
system stability, minimize equipment damage, and protect the system from overloads. Protection is mainly
achieved through overcurrent devices such as fuses, relays, and circuit breakers, which are installed in
series to monitor current flow and interrupt or open the circuit to isolate faults [23-31.

However, integrating Distributed Generation (DG) into a distribution network can increase fault levels near
the point of connection. This can push the network closer to its fault level limit, potentially leading to
equipment damage, plant failures, and risks to personnel safety, as well as interruptions in supply. The
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presence of DG can also create coordination challenges, resulting in the unnecessary isolation of larger
portions of the network [27, 33, and 34].

B. Distributed Generation Interconnection Protection

For a Distributed Generation (DG) unit to be integrated into a distribution system, it must be connected to
the network through an interconnection point known as the Point of Common Coupling (PCC), which can
present several challenges. Therefore, it is essential to ensure proper protection to prevent damage to both
the DG and utility equipment, enabling the DG to operate in parallel with the utility grid [23, 27, 32]. The
utility typically establishes specific protection requirements for the interconnection of DGs, which depend
on factors such as the size and type of the generator, the interconnection point, and the configuration of
the interconnecting transformer [34-40].

The protection requirements for DG interconnection are based on the following considerations [41-45]:

i. Protection should address the failure of parallel operation between the DG and the utility.

ii. Protection against fault currents and transient overvoltages generated by the DG during fault
conditions within the system.

iii. Safeguarding the DG from potential hazards during disturbances, such as automatic reclosing,
which could cause serious issues depending on the type of generator used.

iv. The network characteristics at the point of DG interconnection.
V. The power transfer capacity at the interconnection point.
l. RELATED WORKS

Various methods have been used to analyze the impact of Distributed Generation (DG) on power system
protection. This section reviews past studies and highlights their limitations.

Nimpitiwan and Heydt (2004) examines the consequences of integrating DG into electric power systems
using impedance matrices. They discussed the increase in system fault currents due to DG installation and
analyzed techniques for evaluating fault current changes. Their findings highlighted the need for
adjustments in protective relays and circuit interruption settings, but they noted that their scheme was
effective for isolating faulted sections but not guaranteed to provide an optimal protection solution [29].
Coster et al. (2007) studies the effects of small Combined Heat and Power (CHP) units on the protection of
medium-voltage (MV) cable grids. Using DIgSILENT PowerFactory, they showed that the impact of DG on
short-circuit currents varied with the location and size of the DG. They found that overhead line
connections were limited due to protection blinding but focused only on three-phase faults, neglecting
other fault types [7].

Manjunatha and Vittal (2010) address the challenges in designing protection schemes for DG-connected
distribution networks. They discussed solutions such as higher-rated inverters, communication links,
energy storage devices, adaptive protection, and the use of artificial intelligence and centralized protection.
Their study stressed the need for trade-offs to maximize benefits in terms of minimizing interruptions and
disturbances [25].
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Rahman and Das (2010) investigate the impact of DG on power system protection by simulating a radial
feeder with existing protection and DG using PSCAD/EMTDC software. They identified issues like false
tripping, unintentional islanding, and resonance, and analyzed relay coordination before and after DG
integration. However, their study did not account for the reduction in power losses after DG installation
[37].

Jiadong et al. (2012) focused on the impact of DG on the sensitivity and selectivity of distribution network
protection. Their analysis, which used impedance current limiters, showed that DG could cause an increase
in fault currents. While their proposed method ensured proper protection response, it was not guaranteed
to offer an optimal solution [19].

George et al. (2014) studies the effects of increased DG penetration on power grid protection, particularly
using adaptive relays. They found that DG caused protection relay malfunctions due to the intermittent
nature of certain DG types and increased fault levels. They recommended adaptive relaying and multi-
agent systems but noted that these approaches did not guarantee optimal protection [13].

Elhaffar et al. (2015) explored the use of communication infrastructure and Intelligent Electronic Devices
(IEDs) to enhance protection schemes in distribution systems. Their study, based on ETAP software,
highlighted the potential protection issues caused by DG and feeder relays, but it did not evaluate the
reliability and time delay of communication media, which could affect system robustness [12].

Monadi et al. (2015) provided a comprehensive review of protection methods for DGintegrated AC and DC
distribution systems. They discussed the advantages and disadvantages of different methods but noted
that conventional protection schemes needed to be adapted for DG integration. Further investigation was
required for multi-terminal DC systems [28].

Ogden and Yang (2015) examined the effects of DG on low-voltage distribution network protection. They
identified problems such as blinding, unintentional islanding, and incorrect feeder reclosing, and suggested
considering grid topology and DG characteristics when setting protection relays. However, the study
suggested further investigation was needed to test the proposed solutions [32].

Maor (2017) analyzed the effect of DG integration in distribution networks using advanced simulation
techniques. Using the IEEE 13-bus system, their approach proved more effective than conventional fault
current sensing but did not consider the reduction of power losses following DG integration [26].
Norshahrani et al. (2017) reviewed progress in protection strategies to mitigate the effects of DG in
distribution networks. They divided strategies into maintaining conventional protection systems or
modifying them and highlighted the benefits and costs of each. However, they noted that both approaches
still require further research for effective implementation.

Yousaf and Mahmood (2017) proposed a strategy for mitigating coordination issues caused by DG
integration, using recloser-fuse coordination on an 11-kV radial distribution feeder. Their simulations
showed that fast recloser operation could restore coordination during temporary faults, but the method
did not guarantee an optimal solution for overall system protection [45].
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Idoniboyeobu and Udoha (2018) studied the benefits of DG from Solar Renewable Energy (SRE) in Nigeria,
using the Newton-Raphson power flow algorithm in ETAP software. They found that DG reduced technical
losses and improved the voltage profile and power quality but noted that the load flow model could not
provide optimal solutions for DG integration in the distribution network [17].

Katyara et al. (2018) reviewed methods for optimal sizing and placement of DGs in distribution systems
and the related protection coordination issues. Their study highlighted that the location and rating of DG
units significantly affected protection coordination but lacked practical implementation [21].

Osabohien and Uhunmwangho (2018) investigated the effect of DG on Port Harcourt Electric Distribution
Company’s network, using fault current limiters and coordinated relayoperated reclosers. Their results
showed improved coordination, but their proposed solution did not guarantee optimal protection [34].
Jhansi (2019) explored the impacts of DG penetration on distribution systems and reviewed traditional
protection strategies. The study highlighted the effects of DG on energy loss, harmonics, short circuits, and
islanding but did not involve practical work [11].

Shrivastava et al. (2019) analyzed fault current levels and relay coordination in a modified IEEE 4-bus
system with integrated Solar Photovoltaic Plants (SPPs). Their results showed that DG increased fault
currents and impacted relay coordination. They proposed using evolutionary optimization techniques for
relay coordination, but their study focused on a small distribution network and could be expanded for
larger areas [42].

The analysis of the impact of Distributed Generation (DG) on power system protection revealed that
existing studies largely relied on theoretical assumptions, with limited focus on practical planning
methods. Various coordination and optimization techniques, such as impedance matrices, impedance
current limiters, adaptive relays, recloser-fuse coordination, bi-directional power flow, and algorithms like
the Newton-Raphson power flow method, Genetic Algorithm (GA), Particle Swarm Optimization (PSO), and
Cuckoo Search Algorithm, were primarily implemented in MATLAB or similar computational
environments. However, the transfer of these concepts into planning tools has been inefficient.
Furthermore, the performance of many of these methods was highly case-specific, making it difficult to
generalize their applicability. This highlights the need for a modern meta-heuristic approach capable of
providing optimal solutions for power system protection with high accuracy.

1. CONCLUSION

This study provides a thorough review and analysis of previous research on various techniques addressing
the impact of Distributed Generation (DG) on power system protection. The findings will contribute to
resolving protection coordination issues in power systems with DG integration and improve the operation
and planning of electrical power networks

III. REFERENCES

Ajenikoko, G. A.and Eboda, A. W (2015a). Impact of dispersed generation on optimization of power exports.
International Journal of Engineering Research and Applications, 5 (5): 61-67.
Statistics and Mathematical Research Journal
Page5|9



Statistics and Mathematical Research Journal
ISSN: 2997-6898|
Volume 12 Issue 3, July — September, 2024
Journal Homepage: https://ethanpublication.com/articles/index.php/E33,
Official Journal of Ethan Publication

Akhondi, H. and Saifali, M. (2012). A New Adaptive Method for Distribution System Protection Considering
Distributed Generation Units Using Simulated Annealing Method. Dr. Arzu Sencan (Ed.), ISBN: 978-
953-51-0600-5, InTech, 1-14., http://www.intechopen.com/:

ntonova, G., Nardi, M., Scott, A. and Pesin, M. (2013). Distributed Generation and Its Impact on Power Grids
and Microgrids Protection. Proceedings of TAMU 2013 Conference, 146-154.

Ates, Y., Boynuegri, A. R., Uzunoglu, M., Nadar, A., mYumurtacy, R,, Erding, O., Paterakis, N. G. and Catalao, ].
P.S.(2016). Adaptive protection scheme for a distribution system considering grid-connected and
islanded modes of operation. Energies Journal, 9 (378): 2-18.

Balamurugana, K., Srinivasan, D. and Thomas, R. (2012). Impact of distributed generation on power
distribution systems. Asia Pacific Conference, Energy Procedia, 25 (10): 93-100. [6] Blair, S. M., Burt,
G. M,, Lof, A, Hanninen, S., Kedra, B., Merino, M. |,, Belloni, F. R,, Pala, D., Valov, M., Liiers, B. and
Temiz, A. (2017). Minimizing the impact of disturbances in future highly distributed power systems.
Study Committee B5 Colloquium September 11-15, 2017, Auckland, New Zealand: 1-6.

Coster, E., Myrzik, . and Kling, W. (2007). Effect of distributed generation on protection of medium voltage
cable grids. CIRED 19th International Conference on Electricity Distribution, Vienna, 21-24 May
2007, Paper 0079: 1-4.

Coster, E., Myrzik, ]. and Kling, W. (2012). Effect of DG on distribution grid protection. D N Gaonkar (Ed.),
ISBN: 978-953-307-046-9, InTech, 93-118 , www.intechopen.com,

Das, B. and Deka, B. C. (2013). Impact of distributed generation on reliability of distribution system. IOSR
Journal of Electrical and Electronics Engineering (IOSRJEEE), 8 (1): 42-50.

Dulau, L.I,, Abrudean, M. and Dorin B. (2013). Effect of distributed generation on electric power systems.
The 7th International Conference Interdisciplinarity in Engineering, Procedia Technology 12: 681-
686.

Ekwue, A. 0. and Akintunde, O. A. (2015). The impact of distributed generation on distribution networks.
Nigerian Journal of Technology (NIJOTECH), 34 (2): 325-331.

Elhaffar, A., El-Naily, N. and El-Arroudi, K. (2015). Management of distribution system protection with high
penetration of DGs. 1-11, https://www.researchgate.net/publication:

George, S. P., Khanna, K., Ashok, S. and Bandyopadhyay, M. N. (2014). Power system protection issues due
to wind generation farms. International Journal of Innovative Research in Science, Engineering and
Technology, 3 (4): 11316-11367.

Statistics and Mathematical Research Journal
Page6|9


http://www.intechopen.com/
http://www.intechopen.com/

Statistics and Mathematical Research Journal
ISSN: 2997-6898|
Volume 12 Issue 3, July — September, 2024
Journal Homepage: https://ethanpublication.com/articles/index.php/E33,
Official Journal of Ethan Publication

Gopiya, N. S., Khatod, D. K. and Sharma, M. P. (2012). Planning and operation of distributed generation in
distribution networks. International Journal of Emerging Technology and Advanced Engineering, 2
(7): 381-3809.

Gummadi, S. R. and Obulesh, Y. P. (2013). Voltage profile improvement of distribution system using
distributed generating units. International Journal of Electrical and Computer Engineering (IJECE),
3 (3):337-343.

Haron, A., Mohamed, A. and Shareef, H. (2012). A Review on protections schemes and coordination
technique in microgrid system. Journal of Applied Sciences, 12 (2): 101-112.

Idoniboyeobu, D. C. and Udoha, E. E. (2018). Impact of distributed generation from solar energy on power
system distribution in Nigeria. IOSR Journal of Electrical and Electronics Engineering (I0SR-JEEE),
13 (2): 32-47.

Jhansi, S (2019). Effects of distributed generation on electrical power network and protection. Journal of
Electrical and Electronic Systems, 8 (1): 1-3.

Jiadong, H., Zeyun1, Z. and Xiaobo, D. (2012). The influence of the distributed generation to the distribution
network line protection and countermeasures. 2012 International Conference on Applied Physics
and Industrial Engineering, Physics Procedia 24: 205=210.

Julius, K. C. and Nicodemus, A. 0. (2013). Effect of distributed generation penetration on system power loss
and voltage profile. International Journal of Scientific and Research Publications, 3 (5): 2250-3153.

Katyara, S., Staszewski, L. and Leonowicz, Z. (2018). Protection Coordination of Properly Sized and Placed
Distributed Generations-Methods, Applications and Future Scope. Energies, 11, 2672; 1-22, doi:
10.3390/en11102672:

Kazmi, S. A. B, Shahzad, M. K,, Khan, A. Z. and Shin, D. R. (2017). Smart distribution networks: a review of
modern distribution concepts from a planning perspective. Energies 2017, 10, 501; 1-47,
d0i:10.3390/en10040501:

Lieven, D., Renders, B., Meersman, B. and Lieven, V. (2012). Influence of converterconnected .distributed
generation on distribution network losses Textbook on Electrical Power Generation, 2 (6): 1-10,
http://www.icidr.org.

Lucian, LD and Mihail, A. (2014). Distributed generation technologies and optimization. The 7t
International Conference Inter-disciplinarily in Engineering (INTER-ENG 2013), Procedia
Technology, 12 (7): 687-692.

Statistics and Mathematical Research Journal
Page7]|9


http://www.icidr.org/
http://www.icidr.org/
http://www.icidr.org/
http://www.icidr.org/

Statistics and Mathematical Research Journal
ISSN: 2997-6898|
Volume 12 Issue 3, July — September, 2024
Journal Homepage: https://ethanpublication.com/articles/index.php/E33,
Official Journal of Ethan Publication

Manjunatha, S. and Vittal, K. P. (2010). A heuristic approach to distributed generation source allocation for
electrical power distribution systems. Iranian Journal of Electrical and Electronic Engineering, 6
(4): 224-232.

Maor, T. T. (2017). Impacts of power system-tied distributed generaion on the performance of protection
systems. Electrical Engineering Thses, Paper 34. 1-91, htt://hdlL.handle.net/10950/625:

Mbuli, N., Xezile, R., Pretorius, J. H. and Sowa, P. (2016). Evaluation of impact of distributed synchronous
generation on the stochastic estimation of financial costs of voltage sags. Journal of Energy in
Southern Africa, 27 (1): 11-19.

Monadi, M., Zamani, M. A., Candela, J. I, Luna, A. and Rodriguez, P. (2015). Protection of AC and DC
distribution systems embedding distributed energy resources: a comparative review and analysis.
Research Center on Renewable Electrical Energy Systems (SEER Center): 1-24..

Nimpitiwan, N. and Heydt, G. T. (2004). Fault current issues for market driven power systems with
distributed generation. IEEE Transaction, 12: 1-7.

Norshahrani, M., Mokhlis, H., Bakar, H. B., Jamian, J. J]. and Sukumar, S. (2017). Progress on Protection
Strategies to Mitigate the Impact of Renewable Distributed Generation on Distribution Systems.
Energies, 10, 1864; 1-30, doi: 10.3390/en10111864.

Nweke, J. N., Gusau, A. G.and Isah, L. M. (2020). Reliability and protection in power system considering
customer-based indices. Nigerian Journal of Technology (NIJOTECH), 39 (4): 1198 - 1205.

Ogden, R. and Yang, ]. (2015). Impacts of distributed generation on low-voltage distribution network
protection. In 11th IET International Conference on Developments in Power System Protection
(DPSP), 1-6.

Onlam, A., Yodphet, D., Chatthaworn, R., Surawanitkun, C., Siritaratiwat, A. and Khunkitti, P. (2019). Power
loss minimization and voltage stability improvement in electrical distribution system via network

reconfiguration and distributed generation placement using novel adaptive shuffled frogs leaping
algorithm. Energies, 12, 553; 1-12., d0i:10.3390/en12030553.

Osabohien, R. W. and Uhunmwangho, R. (2018). Assessing the impacts of distributed generation on the
protection scheme of a distribution network: trans Amadi 33 kV distribution network as a case
study. Nigerian Journal of Technology (NIJOTECH), 37 (1): 209-215.

Patil, V. J. and Saunshi, G. B. (2014). An overview on adaptive protection in power system. International
Journal of Emerging Technology and Advanced Engineering, 4 (4): 396-400.

Statistics and Mathematical Research Journal
Page8]|9



Statistics and Mathematical Research Journal
ISSN: 2997-6898|
Volume 12 Issue 3, July — September, 2024
Journal Homepage: https://ethanpublication.com/articles/index.php/E33,
Official Journal of Ethan Publication

Phadke, A. G., Wall, P.,, DING, L. and Terzija, V. (2016). Improving the performance of power system
protection using wide area monitoring systems. J. Mod. Power Syst. Clean Energy, 1-13., DOI
10.1007/s40565-016-0211-x:

Rahman, S. A. and Das, B. (2010). Impact of distributed generation on power, system protection.
https://www.researchgate.net/publication/258698783: 1-9.

Rugthaicharoencheep, N. and Auchariyamet, S. (2012). Technical and economic impacts of distributed
generation on distributed system. 3 (7):1-12, https://www.researchgate.net

Saravanan, C. and Sathiyasekar, K. (2016). Impact of distributed generation on loss voltage Profile,
equipment loading and short circuit level with SVC by using ETAP. International Journal of
Advanced Engineering Technology, 7 (4): 782-788.

Shahzad, U., Kahrobaee, S. and Asgarpoor, S. (2017). Protection of distributed generation: challenges and
solutions. Energy and Power Engineering, 9: 614-653.

Sharma, P., Kashyap Mehta, K. and Raju, V. R. (2019). Effect on protection scheme by DG in ETAP. PDPU
Journal of Energy and Management, 3 (2): 1-52.

Shrivastava, A., Saini, D. K. and Pandit, M. (2019). Relay co-ordination optimization for integrated solar
photo-voltaic power distribution grid. Electrical and Electronic Engineering | Research Article,
Cogent Engineering, 6: 1612601: 1-19.

Singh, M. (2017). Protection coordination in distribution systems with and without distributed energy
resources- a review. Protection and Control of Modern Power Systems, 2 (27): 1-17.

Yadav, A, Dash, Y. and Ashok, V. (2016). ANN based directional relaying scheme for protection of Korba-
Bhilai transmission line of Chhattisgarh State. Protection and Control of Modern Power Systems, 1
(15): 1-17.

Yousaf, M. and Mahmood, T. (2017). Protection co-ordination for a distribution system in the presence of
distributed generation. Turkish Journal of Electrical Engineering and Computer Sciences, 25: 408-
421

Statistics and Mathematical Research Journal
Page9]|9


https://www.researchgate.net/publication/258698783
https://www.researchgate.net/publication/258698783

