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Abstract: This systems enable a facility to operate independently 

from the grid, either voluntarily or by choice. A distributed energy 

resource (DER) is a small-scale unit of power generation that 

operates locally while connected to a larger distribution system. 

Power systems customers can use OPAL-RT's product line to 

simulate everything from quick electromagnetic phenomena to the 

transient stability of large power systems, while engineers and 

scientists are able to innovate or optimize security, efficiency and 

performance. An experimental test of this system is performed by 

operating the proposed system on a sample power grid containing 

generation, transmission and distribution, and the results are 

verified using the real-time simulation program Opal-RT  

 

Keywords: Distributed energy resources, distribution, 
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1. Introduction 

DERs based on invertor-based operation are more prevalent 

nowadays in transmission and distribution sectors than those of 

convectional sources. The DER systems such as wind, solar 

depend on the climate, and therefore there will be differences 

in their performance. Thus, this project uses opal RT to 

approach the frequency stability in the simulation of the system 

in MATLAB by using Sim Power.  

2. Aim 

To look into some of the effects of the changing nature of the 

electricity system on the large-scale integration of DERs. In 

addition, by introducing virtual inertia to inverter-based DERs 

in power systems, a method to enhance the system's inertial 

responsiveness is addressed. The injected synchronized active 

power to the system prevents the protection relays from tripping 

by improving the rate of change of frequency. The proposed 

system operation is implemented on a sample power grid 

comprising of generation, transmission and distribution and 

results are verified experimentally through the Opal-RT real-

time simulation system.  

 

 

 

1) Objectives 

 Investigate the effects of dispersed generating on 

frequency regulation. 

 Micro grid frequency control through distributed 

generators (DGs) and solar PV systems on the 

distribution side. 

 Micro grid frequency control during unbalanced 

loading situations. 

 Micro grid frequency synchronization with DGs and 

Solar PV system at common connection point. 

 

 
Fig. 1.  Complete block diagram of proposed approached 

3. Proposed Approached 

If   there is a sudden change (increase or decrease) in active 

power. Utilizing VSG algorithm, synchronized active power 

can be injected from the PV to the grid to stabilize the 

frequency. In this paper, during normal operation of the system 

(rated frequency and voltage), the perturb and observe method 

(P&O) sets the active power reference   Pref by measuring 

voltage and current of the PV. This active power is controlled 

in two stages at the first stage, primary frequency is 

implemented in the same way added to complete the loop. The 
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result is a reference angle that will be fed into park transform. 

VSG control can be divided into two sections. First, the 

mechanical swing equation needs to be emulated and solved 

numerically. Then the results are used as a reference to control 

the voltage and current of the inverter. 

References 

[1] S. Dierkes, F. Bennewitz, M. Maercks, L. Verheggen, and A. Moser, 

“Impact of distributed reactive power control of renewable energy sources 

in smart grids on voltage stability of the power system,” in 2014 Electric 

Power Quality and Supply Reliability Conference (PQ). IEEE, 2014, pp. 

119–126.  

[2] Hu, Y., Wei, W., Peng, Y., & Lei, J. (2016, July). Fuzzy virtual inertia   

control for virtual synchronous generator. In 2016 35th Chinese Control  

Conference (CCC) (pp. 8523-8527). IEE3. 

[3] U. Tamrakar, D. Shrestha, M. Maharjan, B. Bhattarai, T. Hansen, and R. 

Tonkoski, “Virtual inertia: Current trends and future directions,” Applied 

Sciences, vol. 7, no. 7, p. 654, 2017 

[4] J. Liu, Y. Miura, and T. Ise, “Comparison of dynamic characteristics 

between virtual synchronous generator and droop control in inverter based 

distributed generators,” IEEE Transactions on Power Electronics, vol. 31, 

no. 5, pp. 3600–3611, 2015.  

[5] Gomez, F. R., Rajapakse, A. D., Annakkage, U. D., & Fernando, I. T. 

Support vector machine-based algorithm for post-fault transient stability 

status prediction using synchronized measurements. IEEE Transactions 

on Power Systems, vol. 26, no. 3, pp. 1474-1483, 2010. 

[6] A. Vassilakis, P. Kotsampopoulos, N. Hatziargyriou, and V. Karapanos, 

“A battery energy storage based virtual synchronous generator,” in 2013 

IREP Symposium Bulk Power System Dynamics and Control-IX 

Optimization, Security and Control of the Emerging Power Grid. IEEE, 

pp. 1–6, 2013. 

[7] J. Alipoor, Y. Miura, and T. Ise, “Stability assessment and optimization 

methods for microgrid with multiple vsg units,” IEEE Transactions on 

Smart Grid, vol. 9, no. 2, pp. 1462–1471, 2016.

 

 

 

 


