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Abstract 

The legacy electric power system has grown in magnitude and complexity since its 

conception. This was a result of various advancements, such as the need to match the 

increase in power demand, and to address the shortage of conventional sources (e.g. oil and 

gas). This led to the integration of Distributed Generators (DGs) into the legacy grid, 

thereby facilitating the incorporation of microgrids. An adverse effect can be seen with the 

large-scale penetration of various distributed generation (DGs) caused by the utilization of 

switching devices and inconsistent performance of the DGs. The effects of incorporating 

switching devices has led to issues such as an increase in harmonics, voltage, frequency 

regulation, power quality degradation, and reverse power flow.  

A cost-effective approach to study the abovementioned impacts is via modelling 

and simulating the system in well-known simulating platforms such as Power System 

Computer Aided Design (PSCAD) and MATLAB Matlab-Simscape. To that note, the 

fundamental difference between the two simulation environments is that Matlab-Simscape 

is based on solving a system of ordinary differential equations (ODEs) represented in the 

form of matrices using ODE45 and its variations, while PSCAD utilizes electromagnetic 

transient including DC (EMTDC). EMTDC represents the system as differential equations 

for both electromagnetic and electromechanical systems in the time domain. Solutions are 

based on a fixed time step and the results are solved as instantaneous values in time. 

Therefore, modelling the same component in either of them can result in some 

inconsistencies in the output quantities.  

In this work, the modeling of the microgrid in both simulation platforms is studied 

and the model transformation approach is introduced, which highlights the procedure to 
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model any component in the two simulation environments to generate consistent results. 

Additionally, both simulation platforms are studied in detail utilizing a standardized 

microgrid benchmark system, known as the Consortium for Electric Reliability 

Technology Solution (CERTS) microgrid. This CERTS configuration defines the 

framework necessary to measure and adjust the performance of both simulation platforms 

in a quantitative and qualitative manner. Furthermore, a methodology is proposed to model 

the various components of the microgrid in a uniform and interchangeable manner. 

Ultimately, the proposed methodology overcomes the differences in modelling some 

electrical components in each platform. In addition, the properties of each component in 

both software have been highlighted in detail to facilitate the transition between each 

platform.  

Finally, this work introduces a comparative study between PSCAD and Matlab-

Simscape based on the CERTS microgrid. The performance of both simulating platforms 

is studied in both the grid connected mode of operation and in the island mode of operation. 

The performance of both simulating platforms is evaluated, and the results are presented 

to demonstrate the validity of the modeling techniques. The results have shown that the 

difference between the quantities measured at the same point of measurement in both 

simulation platforms are less than 1%, which verifies that the modeling technique results 

in uniform outcomes in both PSCAD and Matlab-Simscape.  
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1. Introduction 

1.1. Background 

 The advent of electricity resulted in the creation of the power system. Over the 

years, the power system has evolved to adapt to the changes that result from the demands 

of the consumers connected to the grid. These users vary from residential to commercial 

customers, hence these variations in the grid are a result of the changes in the loads 

connected to the grid. A prime example is the light bulb itself, which is a very basic load 

but has undergone a versatile transformation. The light bulb evolved from the resistive 

incandescent to the compact fluorescent (CFL) to the light emitting diode (LED) bulbs [1]. 

With the development of modern components such as electric vehicles, renewable energy, 

modern loads such as smart appliances, smart switches (i.e. increased number of loads that 

are being supplied by switch mode power supplies). 

1.1.1 Legacy Grid 

 The legacy power system is a network constructed by the connection of electrical 

components capable of generating, transmitting and distributing electricity. In the legacy 

grid, the power is generated from a central power generation unit and is distributed to the 

consumer, which is known as a unidirectional power flow. The power system consists of 

three different zones. The first one being the generation zone, in which the power is 

generated at a central facility using one of the many different types of generation. The 

second is the transmission zone, where the voltage is stepped up and transmitted to the 

distribution system. Finally, in the distribution zone, the voltage is stepped down to a level 

which is safe to be used by the consumer. Figure 1.1 shows the typical legacy power 

system. Over the years, the grid has increased in magnitude and complexity, as the number 

of users increased. As a result, electricity was made readily available to the masses, which 
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enabled the innovation of new technology such as computers, photovoltaic, and electric 

cars. 

 

Fig 1.1: Legacy power system [2] 

1.1.2 Smart Grid  

 In the legacy electric power system, the electricity produced is generated at a central 

facility and then transmitted to the end-user. The development of distributed energy 

resources has enabled the end-user to change roles from consumer to a prosumer. In a 

classical grid, the end-user would strictly consume electricity, whereas now consumers 

have the ability to generate electricity, thus earning them the title of prosumers. As the grid 

evolves, there arises a need for the grid to communicate data between different components 

within the grid. Not to mention, the development of technology such as electric vehicles 

has led to a steep increase in consumer demand [3]. As a result, a smart grid needs to be 

introduced, which is capable of providing the communication infrastructure, controls and 

distributed energy resource integration, along with the basic capabilities of the legacy 

power grid, as shown in figure 1.2 [3], [4]. 

 A smart grid is an up-to-date and self-sufficient electricity supply system, which 

incorporates communication systems into the current electrical grid. This enables the 
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components in the grid to store and transfer data amongst each other. Computers, sensors 

and monitoring devices are utilized in order to improve the reliability, efficiency and safety 

of the system. A smart grid enables the monitoring and communication from the generation 

level to the consumer distribution level [5]. The smart grid is utilized in order to make the 

power system more efficient in terms of energy consumption, efficiency and reliability. As 

a result, the system is capable of monitoring, analyzing and controlling the power system. 

The smart grid is capable of healing itself; it allows consumers to be a part of the operation 

of the grid and it helps maintain the power quality of the electric power being supplied. 

The incorporation of the communication interface is vital in the smart grid as it allows for 

load handling, demand response and decentralization of power. The consumers can 

participate through demand side management and demand response programs to reduce the 

strain on the electric power network. Furthermore, the consumers can produce electricity 

using renewable energy resources such as wind and solar, in this case they are called 

prosumers (power producers and consumers). Given this change in the electric power grid, 

the widespread integration of renewable energy sources may lead to stability problems. 

There is a dire need for system impact studies in particular when considering microgrid 

operation and hence developing detailed and accurate models of microgrids becomes of 

paramount importance [6]–[8]. 
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Fig 1.2 Smart grid infrastructure [4] 

1.1.3 Microgrid System 

 A microgrid system is a network of electrical components such as distributed 

energy resources, energy storage systems and various types of loads, as shown in figure 

1.3 [10]. The microgrid is capable of operating in two different modes of operation. The 

first one being the grid-connected mode and the second one being islanded mode of 

operation. During the grid-connected mode the distributed energy resources operate and 

generate electricity in parallel with the grid, where energy not being consumed is sent back 

to the grid. The microgrid operates in the islanded mode when the utility grid faces services 

interruptions such as power outages or power quality issues. Microgrids are designed in 

order to provide back-up power to crucial loads such as hospitals and airports. The 



 

5 
 

microgrid enables these loads to operate more efficiently along with improved reliability 

and power quality. 

 

Fig 1.3 Microgrid system [10] 

 There are a variety of distributed generator (DG) types employed in microgrids 

across the world, some examples include photovoltaic arrays, energy storage, wind and 

fossil fuel powered generators. The output capacity of these DGs can range from small to 

rather large. The integration of such DGs effects the grid performance in both transient and 

steady state operation. This can be caused by numerous factors such as the inverters 

employed and the location of the point of common coupling of the DGs into the grid [11]–

[15],[16]–[19]. Furthermore, a large-scale penetration of DGs in the grid can have an 

adverse impact on the operation of the grid. This can result in issues such as an increase in 

harmonics, voltage, frequency regulation, power quality degradation and a reversal in the 

direction of the power flow [20]–[27]. Moreover, as the penetration of DGs increases, there 
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arises a need to have well designed protection schemes. The objective of such protection 

schemes is to protect the DG itself in the event of a system interruption [28]–[30]. 

 Based on the aforementioned discussion, a more practical study needs to be 

performed pertaining to microgrids. In order to do so, it is essential to construct a 

standardized microgrid such as the CERTS microgrid mentioned earlier. However, 

building such a system is a very costly endeavor, as the components and space required are 

very expensive to acquire and maintain. A suitable and cost-effective substitute to the 

practical approach is to model and simulate the CERTS microgrid using well known 

simulation platforms such as PSCAD, EMTP, MATLAB Matlab-Simscape and OpenDSS. 

From among the previously stated software the PSCAD and Matlab-Simscape are vastly 

employed in academia and industry. 

 Matlab-Simscape relies on the Simscape library[31], which enables the user to 

model and simulate different components and types of configurations relevant to the power 

systems. Simscape is part of Matlab and houses the Power System Library. In a similar 

manner to Matlab-Simscape, PSCAD enables the user to graphically represent the various 

components of a power system. PSCAD enables the user to monitor and control output 

data in a graphical environment. PSCAD models can be ported into real time simulators 

such as Real Time Digital Simulator (RTDS )[32], [33]. The key difference between the 

two simulation environments is that Matlab-Simscape is the solver type they utilize. In 

order to simulate a dynamic system over a defined time, it is necessary to compute the 

states of the model at successive time steps. These computations are based on the states 

described in the system state space model. A state space model is a set of first order 
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ordinary differential equations ODE that describes the dynamics and behavior of the 

system. This is the process to compute the states of the model being simulated. 

A solver utilizes numerical methods (such as trapezoidal, Runge-Kutta, etc.) in order to 

evaluate the ordinary differential equations which represent the system. The proceeding 

time steps are determined based on the computation of the current state. These intervals are 

referred to as the solver’s time steps. 

A wide variety of numerical integration techniques have been developed for solving the 

ordinary differential equations (ODEs). A variety of fixed-step and variable step 

continuous solvers are developed in both simulation platforms, each of which utilizes a 

specific ODE solution methodology. 

In general, the selection of an appropriate solver is based on matching the following 

criteria; system dynamics, solution stability, computation speed and solver robustness. 

Moreover, solvers can be classified based on the type of the time step they utilize into two 

types: fixed time step and variable time step [31]. 

A fixed step solver utilizes a consistent time step throughout the duration of the simulation. 

The step size can be predetermined or specified by the solver. A lower step size increases 

the accuracy of the results and the computation time to simulate the system.  

On the other hand, variable step solvers, vary the step size during the simulation. In the 

event of rapid state changes, zero-crossing events and so on the time step is decreased in 

order to increase the accuracy of the system and to represent the signal accurately. In the 

event of slow state changes the time step can be increased in order to reduce the 

computation time. 
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Simulink offers the following solvers which offers fixability to tailor the accuracy of the 

simulation results. If a fixed time step is needed, Matlab-Simscape offers the following 

solvers ode3 and Runge-Kutta. For variable step size, wide variety of solvers are available 

as well, such as, ode15s and ode45.  

By comparison, PSCAD utilizes EMTDC engine as its solver. It doesn’t have the flexibility 

of choosing multiple solvers as in Matlab-Simscape. EMTDC (which stands for 

Electromagnetic Transients including DC) represents and solves the sets of ordinary 

differential equations ODEs (for both electromagnetic and electromechanical systems) in 

the time domain. Solutions are evaluated based on a fixed time step, and it allows for the 

representation of not only the power system components but also extends to the control 

systems, either with or without the implementation of electromagnetic or 

electromechanical systems [32], [33].  

Henceforth, as both platforms utilize different engines, modelling the same component in 

either of them can result in some inconsistencies in the output quantities (voltage, current, 

and frequency). The key findings and differences have been highlighted in Appendix A. 

Thus, further work is necessary in order to fill such gaps between them as discussed in the 

following section. 

1.2. Problem Statement and Motivation 

 Due to the widespread use of the microgrids, there is a growing need to model and 

simulate these microgrids. There are numerous software programs, which are employed in 

industry, but the two most common ones are MATLAB Matlab-Simscape and PSCAD. 

Both these simulating environments are great tools, which are capable of representing the 

microgrid systems, but which of these systems has the least computational time, which is 



 

9 
 

more efficient and finally which is more reliable. The answers to these questions enable 

faster computation time and a reduction in computation power needed. 

 There are numerous challenges, which may arise in the process of modelling and 

simulating the microgrid in PSCAD and Matlab-Simscape. One of the challenges is the 

control associated with the various types of distributed energy resources such as solar and 

battery energy storage systems. The main challenge, which arises is the maintenance of 

uniformity between the two simulating software, a prime example would be the 

photovoltaic array block in both PSCAD and Matlab-Simscape as different parameters are 

required in both simulation environments, one requires more details than the other. This 

same issue must be dealt with for all the other components utilized in the simulation. 

 In the literature and after studying research work, it is evident that there is a lack of 

studies, which provide a methodology for the modelling and simulation of micro-girds. 

There is also a lack in the previous work, which performs a comparative study of the two 

simulation environments, in order to determine which of the two is superior. However, 

there is a large volume of studies, which utilize microgrids in order to perform other studies 

such as power control, stability analysis, disturbance detection and frequency control to 

name a few. 

 The primary motivation for this research work is to introduce a methodology to 

model and simulate the CERTS microgrid testbed system in an efficient and reliable 

manner in both PSCAD and Matlab-Simscape. In order to do so, very close attention must 

be utilized in order to maintain uniformity in both PSCAD and Matlab-Simscape. Many of 

the factors which are involved in the modelling and simulation are very sensitive. A small 
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variation in any of these factors can result in large differences in the solution as the error 

propagates. Some of these factors include the solver type, step size and the simulation time. 

The solver type is a crucial factor as it is responsible for the numerical solution of the 

differential equations, this is especially true considering that both PSCAD and Matlab-

Simscape represent the model as a set of differential equations. The CERTS microgrid 

testbed system is modelled in both simulating environments to evaluate the performance 

of the two simulation environments and to verify the effectiveness, robustness and accuracy 

of the solution. Steady state analysis is used in order to complete a comprehensive study 

of the CERTS microgrid testbed system. An evaluation scheme is developed to assess the 

performance of PSCAD and Matlab-Simscape under steady state conditions. 

 

1.3. Research Objectives 

The following list summarizes the objectives of this work: 

• The purpose of this work is to introduce a methodology, which allows the 

modelling and simulation of the CERTS microgrid testbed system using two 

different simulation software namely PSCAD and Matlab-Simscape. 

• This work aims to study the behavior of the CERTS microgrid testbed system when 

integrated with distributed renewable energy resources in the steady state. 

• Lastly to study the performance of the two simulation environment in terms of the 

computation time, memory usage and total simulation time. 

1.4. Contribution 

 The primary contribution of this thesis is to develop a methodology to model the 

CERTS microgrid. The objective is to uniformly model the CERTS microgrid in PSCAD 
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and Matlab-Simscape, which enables the evaluation of the performance of both simulation 

environments. Such a study is crucial in identifying the pros and cons of each simulation 

environment when modeling and simulating microgrids given the complexities which arise 

when integrating renewable distributed energy resources.  

1.5. Thesis Organization 

 This thesis consists of six chapters. Chapter one provides an introduction to the 

problem being addressed. In this chapter the need to develop a comparative study for the 

simulation and modelling of the CERTS microgrid testbed system is outlined. Followed by 

the problem statement. 

 Chapter two discusses the literature review, which provides a comprehensive 

overview of the current work conducted in the research field on the simulation and 

modelling of microgrids and specifically the CERTS microgrid. The research gaps were 

identified, and the purpose of the proposed research is presented. 

 Chapter three introduces the proposed microgrid to be modelled and simulated. A 

detailed description of the CERTS microgrid is presented illustrating all of its components 

and specification related to each of the components. Details regarding the simulation 

parameters of both PSCAD and Matlab-Simscape are discussed. Details regarding the 

modelling and simulation of the CERTS microgrid are discussed such as solver type, 

simulation time, time step, distributed energy resource type and the control associated with 

each aspect of the microgrid. 

 Chapter four discusses the development of a methodology consisting of a certain 

set of tools utilized to evaluate the results and findings. The findings are analyzed and 
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illustrated. The results of the application of the CERTS microgrid on both PSCAD and 

Matlab-Simscape are tested, evaluations are presented. Along with the execution time and 

the computation demands of each PSCAD and Matlab-Simscape. 

 Chapter five presents the main conclusions drawn from the work. 

Recommendations regarding the proposed methodology presented in this thesis, outlining 

the performance of the two simulating environments. 
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2. Literature Review 

2.1. Introduction 

 The literature review is intended to provide a study of the existing research with 

regards to the modelling and simulation of microgrids using a variety of simulation 

environments. The two specific simulation software investigated were PSCAD and 

MATLAB Matlab-Simscape. After reviewing the works published in the past from 

numerous sources the reader should be able to understand existing techniques and 

methodologies used in the modelling and simulation of microgrids in the various 

simulation environments. Each of the modelling and simulation studies are evaluated based 

on the simulation software employed. Whether the work utilized PSCAD, Matlab-

Simscape or both and whether a comparative study of the performance of microgrids in 

both PSCAD and Matlab-Simscape was performed or not. In order to assess the 

performance, the measurement of numerous parameters will be recorded, along with the 

type of study performed in the work. Thereupon, the comparison between the two 

simulation environments is performed and the differences are presented.  

2.2. Previous Work on Modelling and Simulation of Microgrids 

 In the literature, the previous work can be grouped based on two metrics, the first 

being the simulation environment, which may be PSCAD, Matlab-Simscape or a 

comparison study employing both. The second metric would the type of the analyses 

performed during the study, which may be steady state analysis, transient analysis or even 

both these analyses employed in one study. 

2.2.1 PSCAD and MATLAB Matlab-Simscape 

 PSCAD is a simulation tool, which is premised in the time-domain, capable of 

performing transient simulations of a power system and its associated controls. 
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. There are two categories of solvers, which are fixed-step and variable-step. A fixed-step 

solver computes the states of the system from the beginning to the end of the simulation 

time specified using a specified time step, which remains consistent throughout the 

simulation. The step size can be generated automatically by Matlab-Simscape /PSCAD or 

it can be user defined. The tradeoff however arises between step size and solver accuracy, 

where reducing the step size increases the solver accuracy and vice versa. In a variable-

step solver type, the step size varies throughout the simulation period specified. The 

variation is dependent on the rate at which the states of a model change and during zero-

crossing events. The step size decreases when there exists a rapid change in the model and 

the step size increases when the change of state in the model is slow. This helps to increase 

the solver accuracy while concurrently ensuring the minimal solution time and decreasing 

the computation time. The step size and the computation time have a unique relationship, 

as the step size decreases the computation time increases. As the step size increases the 

computation time decreases, this is a resultant of the increase and decrease respectively of 

the samples. 

 PSCAD and Matlab-Simscape both use ordinary differential equations to represent 

the various components of a power system. A key difference is PSCAD utilizes a fixed 

time step size solver whereas Matlab-Simscape allows for both fixed and dynamic step 

sizes. Moreover, the solver type which is based on EMTDC in PSCAD cannot be changed, 

and the software utilizes this for all simulations. The solver type in Matlab-Simscape can 

however be changed between various solver types such as Runge-Kutta, trapezoidal 

integration and ordinary differential equations. Another important aspect to highlight is the 

usage of EMTDC by PSCAD in order to mathematically reduce the system of parallel and 
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series branches, to reduce the amount of nodes and branches. EMTDC which is based on 

EMTP [32],[33] decouples the various layers of the power system such as the transmission 

lines, loads, sources, transformers and distributed generation. This enables the calculation 

of each of the components equations to be performed in parallel. Whereas in Matlab-

Simscape the calculation of the states is performed in a sequential manner as the entire 

system is treated as one. Matlab-Simscape is better suited for small scale systems as the 

sequential approach will increase the total computation time for large scale systems. The 

variable time step capability in Matlab-Simscape can help to decrease computation time 

but at the cost of varying resolutions during the simulation based on the changing time step 

size. PSCAD is more favorable for large scale systems due to the parallel computation 

capability. Both PSCAD and Simulink-Scape are great tools for the modelling and 

simulation of the various components of a power system, but the key differences mentioned 

in this section should be noted.  

a. Continuous and Discrete Solver 

 Beyond the step-size of the solver there also lies the choice of either a Continuous 

or Discrete solver. A continuous solver utilizes numerical integration to determine the 

current state of the model at a given time step. This method is dependent on the previous 

time steps and the state derivatives. In the continuous domain the computation relies on the 

calculation of the values of the discrete states of each individual block of the model at each 

time step. The discrete solver is used in order to compute discrete models. This method 

computes the next simulation time step of a model. The computation is based on the model 

update for each of the block in the model. Each block must update its individual discrete 

state. 
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Table 2.1: Variable-step continuous implicit solvers  

ODE Solver Order of Accuracy Mathematical Model 

Ode15s Variable, low to high Numerical Differentiation Models 

Ode23s Low Second-order, modified Rosenbrock formula 

Ode23t Low Trapezoidal rule 

Ode23tb Low TR-BDF2 

 

Table 2.2: Variable-step continuous explicit solvers 

ODE Solver Order of Accuracy Mathematical Model 

Ode45 Medium • Runge-Kutta 

• Dormand Prince 

Ode23 Low • Runge-Kutta 

Ode113 Variable, low to high • PECE Implementation of Adams-

Bashforth-Moutlon 

 

b. Approximation Methods 

 The two most commonly used methods are the Runge-Kutta and the Trapezoidal 

integration. Runge-Kutta is a family of iterative processes used to solve differential 

equations. In the Runge-Kutta method, the new value of the equation can be found using 

the old value of the equation added to the multiplication of the slope and step size. This 

process can be seen in figure 2.1 and in equations 2.1 and 2.2. 

𝑦𝑖+1 = 𝑦𝑖 + ∅ℎ                                                              (2.1) 

Where 

 𝑦𝑖+1 is the new values of the function, 𝑦𝑖 is the current value of the function, ∅ is the slope 

and ℎ is the step size. 
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𝑦𝑖+1 = 𝑦𝑖 + ∫ 𝑓(𝑥, 𝑦) 𝑑𝑥                                                    (2.2)

𝑥𝑖+1

𝑥𝑖

 

Where 

 𝑦𝑖+1 is the new values of the function and 𝑦𝑖 is the current value of the function. 𝑥𝑖 is the 

initial position and 𝑥𝑖+1 is the subsequent (final) position. 

       

Fig 2.1: Runge-Kutta Method                    

 

The Trapezoidal Integration rule is a method utilized to solve a set of ordinary 

differential equations (ODE). This is done through calculating the area under the curve of 

the equation. The curve is sliced into n number of individual trapezoids, then the area of 

each trapezoid is calculated and the summation of the area of the n-set of trapezoids. This 

can be seen in equation 2.3-2.5 and in figure 2.2 below. 
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∫ 𝑓(𝑥)𝑑𝑥 ≅
∆𝑥

2
[𝑓(𝑥0) + 2𝑓(𝑥1) + 2𝑓(𝑥2) + ⋯+ 2𝑓(𝑥𝑛−1) + 𝑓(𝑥𝑛)]

𝑏

𝑎

     (2.3) 

Where 

∆𝑥 is the length of the trapezoid segment of the function and [𝑎 𝑏] is the initial and final 

condition being evaluated 

∆𝑥=
𝑏 − 𝑎

𝑛
                                                                (2.4) 

      𝑥𝑖 = 𝑎 + 𝑖∆𝑥                                                      (2.5) 

Where 

𝑥𝑖  is the 𝑖𝑡ℎ point to be evaluated and 𝑖 is the segment number. 

  

                

               Fig 2.2: Trapezoidal Integration 

 

2.3. Consortium for Electric Reliability Technology Solutions (CERTS) 

The Consortium for Electric Reliability Technology Solutions (CERTS) is a 

microgrid developed by the American Electric Power (AEP) to overcome challenges faced 

when the penetration of distributed energy resources increases and the control related 

difficulties which arise as a result. The AEP is the largest electric utility in the Midwestern 
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United States. The CERTS microgrid was developed in the year 1998, it is a cluster of 

microgenerators and can operate in two different modes of operation. The CERTS 

microgrid was created as a benchmark system in order to provide a systematic approach to 

integrate distributed generation into the existing grid. The objective was the provide the 

methodology necessary to integrate various types of distributed generation into the grid 

along with their respective controls. As newer and greater capacity renewable generation 

would be introduced, the approach to integrate them into the existing grid would remain 

the same. The CERTS testbed system is seldom used by any work in the literature and at 

the same time it is a full-scale test bed system, which is being operated. This qualifies the 

CERTS microgrid as a prime candidate to be employed in the study conducted in this thesis. 

 Based on the study of the literature, it was evident that the modelling and simulation 

of the CERTS microgrid testbed system was not researched in detail. To add to the previous 

point, it is evident that studies that compare the performance of the two most commonly 

used simulation software for the same microgrid are rare. Upon further investigation, it 

became clear that numerous works utilized microgrids but for other purposes such as power 

control, stability analysis, disturbance detection, frequency control and load sharing [35]–

[38]. It is also important to note that each of these works utilized either one of the two 

simulation software namely PSCAD or Matlab-Simscape and the amount of research 

conducted on the comparison of these software was small in scale. The previous work did 

not clearly justify the reasoning for the solver type, simulation time, analysis type and the 

system chosen to be modelled and simulated. Majority of the work in the literature focused 

on development of new algorithms or improvements to the microgrid operations itself. The 

study conducted by Faruque et al in [20] provided a detailed study of the comparison of 
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the CIGRE HVDC Benchmark System simulated in PSCAD and Matlab-Simscape, along 

with a detailed study of both transient and steady state circumstances. This paper outlined 

comparison of parameters of the CIGRE HVDC Benchmark System. The measurement 

points were clearly identified as well as the types of events introduced during transient 

studies. 

 The works performed by Yazdani et al in [39] emphasized their efforts to the 

development of an enhanced control strategy utilized to tie distributed generation to the 

utility. The objective of this work was to improve the performance of the microgrid during 

transient disturbances. The study was conducted using PSCAD, where a microgrid was 

simulated and the results were studied. The study primarily focused on the controls and the 

modelling of various components utilized to construct the microgrid was not discussed in 

detail. Along with this, the work had not utilized the CERTS microgrid, nor was Matlab-

Simscape utilized or compared with PSCAD. 

 The study performed by Wang et al in [40] demonstrated a hybrid AC/DC 

microgrid, consisting of distributed generation units with AC and DC output. The objective 

of this work was to reduce the process of redundant conversions from AC to DC to AC or 

DC to AC to DC in a microgrid. A variety of distributed generators were employed as well 

as varying load conditions to provide ample testing of the proposed microgrid. The 

modelling and simulation of the microgrid system was discussed in detail and the final 

system was constructed utilizing Matlab-Simscape. This work did not employ the CERTS 

microgrid or utilize PSCAD and it also did not perform a comparison of the results. 
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 The work conducted in [35] gave importance to developing a different method to 

control the switches to change between grid connected mode and islanded mode. The paper 

utilized fuzzy assessment tree based short time modified Hilbert transform as a detection 

and classifying technique. This work explored the utilization of signal processing 

techniques for distributed generation. This work did not employ the CERTS microgrid or 

utilize PSCAD and it also did not perform a comparison of the results.  

 Konig et al [36] explored model for battery energy storage for microgrid in order to 

improve the system stability and simulation dynamics. Various amounts of details of 

battery energy storage models were studied. The various models studied were developed 

in PSCAD and their performance was compared. The parameters utilized for the 

comparison were voltage stability, frequency stability and total harmonic distortion. This 

work did not employ the CERTS microgrid but rather used another benchmark test grid. 

Furthermore, this work did not perform a comparative study between PSCAD and Matlab-

Simscape as the system was not developed in Matlab-Simscape. 

 The study conducted by Sudria-Andreq et al [41] in their work focused on the 

description of the control algorithm of a microgrid connected to the grid. The control 

methodologies studied were the active power and reactive power being controlled 

independently. The study evaluated the impact of centralized operation mode and 

distributed operation mode. The work utilized Matlab-Simscape to develop and model the 

microgrid chosen. This work did not perform a comparative study between PSCAD and 

Matlab-Simscape as the system was not developed in PSCAD and the CERTS microgrid 

was not employed either. 
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 Ramezani et al [42] performed a study pertaining to the control of the inverters in a 

microgrid. In the study, non-traditional control techniques were explored, as in the tradition 

method, the voltage associated with the reactive power drops during the island mode of 

operation. This work emphasizes on the stability of the voltage during the island mode of 

operation. The microgrid was built in Matlab-Simscape and there was no emphasis placed 

on the modelling and simulation of the microgrid. This work did not utilize the CERTS 

microgrid and nor was the microgrid modelled in PSAD and a comparison between the two 

software was not performed. 

 Al Hosani et al in [43] demonstrate a hybrid AC/DC microgrid and their work 

proposes a new procedure to control the power flow, which enables the exchange of power 

between AC and DC microgrids. The traditional methods according to this work utilize 

proportion integral controller, which are challenging to tune and display slow response 

times. The proposed strategy is developed using the hill climbing algorithm [44]as the 

foundation. The average model of a microgrid is implemented in Matlab-Simscape and the 

proposed methodology is applied to the microgrid to evaluate the effectiveness. This work 

did not place an emphasis on the modelling of the microgrid but rather used an existing 

microgrid. Moreover, the system was only built in Matlab-Simscape and not in PSCAD, 

as a result a comparative study between the two software could not be performed. Lastly 

this work did not utilize the CERTS microgrid. 

 In [45], Zeineldin et al explore and study the hybrid microgrid. The work focuses 

on the stability of the system as various different AC and DC distributed generation sources 

are incorporated into the system. In this study, a synchronous diesel generator and inverters 

are utilized. This work is based on the CERTS microgrid, which is modelled using Matlab-
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Simscape. The objective of the study is to realize the operational limits of the various 

microgrid connections and with an array of constraints being imposed on the system. This 

work did not focus on the modelling of the CERTS microgrid but rather emphasized the 

possibility of s hybrid connection within the grid. The system was only simulated in 

Matlab-Simscape and hence a comparison between PSCAD and Matlab-Simscape could 

not be made.  

The study conducted by John et al [46] focused on introducing a decentralized droop 

control method, which enables accurate load sharing amongst the distributed generators as 

the system operated in the islanded mode of operation. In the proposed methodology the 

angle droop control is modified in order mitigate the dependence on the output inductance. 

This work did not perform a comparative study between PSCAD and Matlab-Simscape as 

the system was not developed in Matlab-Simscape and the CERTS microgrid was not 

employed either. 

The work in [38], [47], [48] emphasized on numerous control strategies in order to 

achieve a variety of goals. New control methods are introduced such as the modified droop 

control based on virtual impedance and compensating voltage, which has the objective to 

balance the power sharing among the distributed generation units. Also, the modification 

of a control strategy to help improve power quality and proper load sharing in grid 

connected and island mode of operations was studied. The work in [47], proposes a control 

strategy to coordinate power sources and multilevel inverters in a medium voltage 

microgrid, while the objective still remaining improving power quality with the 

incorporation of unbalance or non-linear loads. All three of these works are concerned with 

the control related to the microgrid, rather than focusing about the modelling and 
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simulation of microgrids. Furthermore, each of the studies only employed one of either 

PSCAD or Matlab-Simscape and not both. As a result, a comparison between PSCAD and 

Matlab-Simscape was not evaluated in any of these studies. The CERTS microgrid was not 

utilized by any of these studies. 

In the work implemented by Dinavahi et al in [49], the primary objective was to perform a 

comparative study between PSCAD and Matlab-Simscape while employing the CIGRE 

HVDC system and its controls. The work delivered a detailed report outlining the 

comparison between PSCAD and Matlab-Simscape while modeling the system identically 

in both simulation environments. The CIGRE HVDC benchmark is a rather simple system 

consisting of filtering devices, two sources interfaced together using an inverter and a 

rectifier. This study did not utilize the CERTS microgrid, but it did however employ both 

PSCAD and Matlab-Simscape. Table 2.3 summarizes the previous work published in the 

literature. 

Table 2.3: Modelling, simulation and analysis of microgrids 

Reference 

Number 

Simulation Environment System 

Modelling 

and 

Simulation 

Microgrid 

Utilized 

Solver 

Type 

Specified 
PSCAD Matlab-

Simscape 

[39]    NS  

[40]    NS  

[35]    Standard 

IEC 

Microgrid 

 

[36]    NS  

[41]    NS  

[42]    NS  

[37]    NS  

[43]    NS  

[45]    CERTS  

[46]    NS  
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[47]    NS  

[38]    NS  

[48]    NS  

[50]    NS  

[51]    Section of 

Canadian 

Benchmark 

System 

 

[52]    NS  

[53]    NS  

[54]    NS  

[49]    CIGRE 

HVDC 

Benchmark 

 

[55]    NS  

 indicates YES                     indicates NO              NS indicates Non-Standard 

2.4. Research Gaps 

Based on the aforementioned literature, both PSCAD and Simulink are crucial in 

studying the performance of the microgrid, especially with the expectation of higher 

renewable energy penetration levels in the foreseeable future. However minimal work has 

been carried to investigate how the same system can be modelled in the two most utilized 

simulation environments in terms of maintaining consistency and uniformity in the 

modelling stages (transmission lines, loads, transformers etc.). It is essential to ensure 

accurate and consistent results can be obtained from the same system despite the simulation 

environment employed. Therefore, this work focuses on providing a systematic 

methodology to uniformly model the system in both simulation environments to ensure 

consistent results can be obtained while utilizing the same modelling parameters.  

Moreover, the work that has been conducted in literature shows a lack of utilization 

of a standardized microgrid such as the CERTS microgrid. It is evident that a comparative 

study of a microgrid has not been conducted based on a standardized well-known system. 

It is of upmost importance that such a comparison is performed on a standard system to 
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form a proper benchmark. Although a comparative study has been conducted by Faruque 

et al [49] between PSCAD and Matlab-Simscape, however it was based on a rather simple 

High Voltage Direct Current (HVDC) two bus system, which is not inclusive of the 

workings of a microgrid as a microgrid is a more complex system which consists of a 

variety of components and control schematics. Due to the lack of studies concentrated 

towards modelling and simulation of microgrids, this work performs a comparative study 

based on the CERTS microgrid, which is a well modelled benchmark system. 

 

The following list summarizes the research gap in the literature: 

• The lack of work, which addresses the issue of the simulation and modelling of the 

CERTS microgrid itself taking into consideration the complexities when 

integrating distributed renewable energy resources. 

• The lack of clear methods to model and simulate a microgrid in islanded and gird-

connected modes with embedded DGs in operation. 

• There is an evident lack of comparative studies comparing the performance of 

PSCAD and Matlab-Simscape while simulating the same system, as well as a lack 

of study in steady state analysis of the system. 

2.5. Summary 

 In this chapter a comprehensive literature review was conducted of the work 

previously published on the topic of modelling and simulation of the CERTS microgrid 

using PSCAD and Matlab-Simscape. It was clear that there is a lack of studies, which 

provide a detailed methodology of the comparison of PSCAD and Matlab-Simscape while 

simulating the CERTS microgrid. Various different microgrids were modeled and 
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simulated in the literature but the limitation was of one simulation environment either 

PSCAD or Matlab-Simscape rather than a comparative study of the two. A good portion 

of the work conducted in the literature focused on improving specific aspects of the 

microgrid such as the control and not on the actual modelling of the microgrid. In addition, 

the solver type, simulation time, time step and grid-connected or islanded mode were not 

specified in the literature. All these parameters are crucial in maintaining consistency in 

the simulation of the system in both PSCAD and Matlab-Simscape, while ensuring the 

robustness of the system. As a result, this work will focus on the detailed study of the 

various parameters and objectives in order to ensure the CERTS microgrid testbed system 

is modelled and simulated consistently in both PSCAD and Matlab-Simscape in particular 

when considering the complexity due to integrating the distributed renewable energy 

resources.  

Both PSCAD and Simulink utilize ordinary differential equations to represent the 

CERTS microgrid test-bed system. The difference pertaining to the step size selection and 

usage in each simulation platform has been discussed in detail. Along with the added 

capability of selecting from a variety of solver types in Matlab-Simscape as compared to 

PSCAD, which uses a single solver type. The computation approaches employed by both 

PSCAD and Matlab-Simscape have been presented in detail. PSCAD would be a better 

option to implement large scale systems, whereas Matlab-Simscape would be better suited 

towards a small-scale system.  
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3. CERTS Micro-Grid Testbed System 

3.1. Introduction 

 The CERTS microgrid testbed system was developed by the Consortium of Electric 

Reliability Technology Solution (CERTS). The objective of the development of the system 

was to enable easy integration of small Distributed Generation sources (DG) into the utility 

connected network. Along with enabling the study of the impact that distributed generation 

has on the network, while ensuring that a uniform, unchanged and maintained system is 

available for any studies to be conducted. 

3.2. CERTS Micro-Grid Testbed System 

 The CERTS Microgrid Testbed System is shown in Fig 3.1 and it is a micro-grid 

distribution system as discussed in [54] and [55]. The CERTS micro-grid test-bed system 

is capable of functioning in two different modes of operation, namely grid connected mode 

and islanded mode (non-grid connected mode). In the grid connected mode, the loads of 

the distribution system operate while consuming power from the utility, while in islanded 

mode the loads operate consuming power from the local Distributed Generation sources at 

the distribution end of the system. The islanded mode of operation is enabled when the grid 

is in an unhealthy state caused by faults or other such interruptions in service. The CERTS 

micro-grid test-bed system is connected to the grid utilizing a step-down transformer, this 

transformer is rated at 13.8kV on the primary side and 0.480kV on the secondary side. The 

CERTS Microgrid Testbed System consists of four loads (L3, L4, L5 and L6), and three 

distributed energy resources (DER-PV1, DER-PV2 and DER-Bt.S). The loads utilized are 

fixed loads, which are either capacitive or inductive in nature. The distributed energy 

resources are two photovoltaic sources and one battery energy storage device. The 

parameters of the CERTS microgrid testbed system are defined in Tables 3.1-3.14 as 
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follows. Moreover, the input parameters of the implemented PV arrays in both simulation 

platforms are illustrated in Appendix B. 

PCC

Load 3 (L3)

Load 5 (L5)

Load 6 (L6)

Load 4 (L4)

DER-Bt.s

DER-PV2
DER-PV1

Grid

T1
Transmission Line 16

Transmission Line 25

Transmission Line 34

Transmission Line 33

Transmission Line 35

 

Fig 3.1: CERTS microgrid in grid connected mode of operation [58] 

 

Load 3 (L3)

Load 5 (L5)

Load 4 (L4)

DER-Bt.s

DER-PV2
DER-PV1

Transmission Line 25

Transmission Line 34

Transmission Line 33

Transmission Line 35

 

Fig 3.2: CERTS microgrid in island mode of operation 
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Table 3.1: Source (Utility) parameters 

Source 1 

Base Apparent Power (3-Phase) 100 MVA 

Base Voltage (L-L, RMS) 13.8 kV 

Base Frequency 60.0 Hz 

Voltage Input Time Constant 0.05 s 

Infinite Bus Yes 

 

Table 3.2: Transformer (T1) parameters 

Transformer (T1) 

3 Phase Transformer Rating 15.0 MVA 

Base Operation Frequency 60.0 Hz 

Winding #1 Type Wye 

Winding 21 Type Delta 

Delta lags or leads Y Lags 

Positive Sequence Leakage Reactance 0.08535 [p.u.] 

 

Table 3.3: Transmission line 16 parameters (TL16) 

Transmission Line – L16 

Impedance and Admittance Data Unit Type Ohms 

Nominal or Pie Coupled Model Coupled Pi Model 

Line Rated Frequency 60.0 Hz 

Line Length 68.58 m 

 

Table 3.4: Load 6 parameters (L6) 

Load at Line 1 (L6) 

Rated Real Power per Phase 0.03 MW 

Rated Reactive power (+inductive per phase) -0.0067 MVAR 

Rated Load Voltage (RMS, L_G) 0.277 kV 

Fundamental Frequency 60 Hz 
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Table 3.5: Transmission line 25 parameters (TL25) 

Transmission Line – L25 

Impedance and Admittance Data Unit Type Ohms 

Nominal or Pie Coupled Model Coupled Pi Model 

Line Rated Frequency 60.0 Hz 

Line Length 68.58 m  

 

Table 3.6: Load 5 parameters (L5) 

Load at Line 25 (L5) 

Rated Real Power per Phase 0.05 MW 

Rated Reactive power (+inductive per phase) -0.0133 MVAR 

Rated Load Voltage (RMS, L_G) 0.277 kV 

Fundamental Frequency 60 Hz 

 

Table 3.7: Transmission line 33 parameters (TL33) 

Transmission Line – L33 

Impedance and Admittance Data Unit Type Ohms 

Nominal or Pie Coupled Model Coupled Pi Model 

Line Rated Frequency 60.0 Hz 

Line Length 68.58 m 

 

Table 3.8: Transmission line 35 parameters (TL35) 

Transmission Line 3 – L35 

Impedance and Admittance Data Unit Type Ohms 

Nominal or Pie Coupled Model Coupled Pi Model 

Line Rated Frequency 60.0 Hz 

Line Length 45.72 m 
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Table 3.9: Transmission line 34 parameters (TL34) 

Transmission Line 3 – L34 

Impedance and Admittance Data Unit Type Ohms 

Nominal or Pie Coupled Model Coupled Pi Model 

Line Rated Frequency 60.0 Hz 

Line Length 68.58 m 

 

Table 3.9: Load 3 parameters (L3) 

Load at Line 33 (L3) 

Rated Real Power per Phase 0.05 MW 

Rated Reactive power (+inductive per phase) 0.0150 MVAR 

Rated Load Voltage (RMS, L_G) 0.277 kV 

Fundamental Frequency 60 Hz 

 

Table 3.10:  Load 4 parameters (L4) 

Load at Line 34 (L4) 

Rated Real Power per Phase 0.05 MW 

Rated Reactive power (+inductive per phase) 0.0150 MVAR 

Rated Load Voltage (RMS, L_G) 0.277 kV 

Fundamental Frequency 60 Hz 

 

Table 3.11: Positive and Zero Sequence transmission line reactance [59] 

Transmission Line Reactance (Ohms) 

Positive Sequence 

Resistance 6.1329x10-4 ohm/m 

Inductive Reactance 1.0253x10-4 ohm/m 

Capacitive Reactance 1x1021 ohm*m 

Zero Sequence 

Resistance 0.0043 ohm/m 

Inductive Reactance 1.8206x10-4 ohm/m 

Capacitive Reactance 1x1021 ohm.m 
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Table 3.12: Battery energy storage parameters (DER-Bt.S) 

Capacity 1.25 kV 

 

Table 3.13: Photovoltaic array 1 parameters (DER-PV1) 

Capacity 200W 

Irradiance 1000 W/m2 

Temperature 28°C 

 

Table 3.14: Photovoltaic array 2 parameters (DER-PV2) 

Capacity 200 W 

Irradiance 1000 W/m2 

Temperature 28 °C 

 

3.3.  Modelling of the CERTS Microgrid Testbed System 

 In order to ensure that an unbiased comparative study is performed, it is crucial to 

identically model the system in both PSCAD and Matlab-Simscape. The CERTS microgrid 

testbed system consists of a list of key components, such as source (utility), transformer, 

transmission lines, loads, photovoltaic arrays and battery energy storage. Both PSCAD and 

Matlab-Simscape have their own distinct method of modelling each of the components 

listed above. PSCAD and Matlab-Simscape each have a predetermined set of blocks that 

may be utilized in order to create the CERTS microgrid testbed system. These blocks were 

used in the initial development of the CERTS microgrid testbed system and are modified 

as differences were observed. 
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3.3.1 Discrepancies Between the Two Simulation Platforms 

 The CERTS microgrid testbed system was developed using the basic blocks 

provided by each of the simulating environments. The parameters listed in tables 3.1 

through 3.14 are the inputs for each of the blocks utilized, such as transmission lines, 

transformer, loads and DGs. However, the results obtained from each simulation platform 

showed discrepancies and variations. Based on the readings at several measurement nodes, 

it was observed that the two system do not match. It was evident from the readings that the 

voltage and current readings were inconsistent with large variances. Hence, in order to 

facilitate the investigations and isolate the source of the issues, the CERTS testbed is 

reduced to a system with reduced complexity. That is being done to eliminate as many 

variables as possible that may contribute in the offset, e.g. DGs, controllers, PCC …etc. 

This reduced system is discussed in the following section. 

3.3.2 Reduced CERTS System with no Distributed Generation 

 In order to pinpoint the cause of the offset in the results, a component by component 

breakdown is conducted to investigate the modelling in both in PSCAD and Matlab-

Simscape along with reduction in the complexity of the system. The components were 

removed from the system in order to create a smaller system, while at the same time 

maintaining the same point of measurements throughout the system. The reduced CERTS 

microgrid testbed system consists of the source (utility), transmission lines, transformers 

and loads. All three distributed generators are removed along with their respective controls 

to simplify the system. This was done in order to verify each of the component blocks 

utilized during the simulation. The CERTS microgrid testbed system with no DG is shown 

in Fig 3.3.  
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PCC

Load 3 (L3)

Load 5 (L5)

Load 6 (L6)

Load 4 (L4)

Grid

T1
Transmission Line 16

Transmission Line 25

Transmission Line 34

Transmission Line 33

Transmission Line 35

 

Fig 3.3: Basic system with no distributed generation 

 The first block, which was analyzed was the source and the parameters were 

adjusted in order to study the impact of the changes on the output. It can be seen that the 

source (utility) was generating the expected power in MVAR. For the transmission lines, 

the mathematical modelling utilized by PSCAD and Matlab-Simscape was analyzed and 

studied. The differences are shown in figures 3.4 and 3.5 below. It can be observed that the 

input parameters of each of the blocks differ within each platform. Similarly, in order to 

investigate the transmission lines a further simplified system without distributed generation 

was developed consisting of a single branch containing the source, a transmission line and 

a load. Two scenarios were investigated, one with the transmission line being represented 

by the preset block in each simulation environment and the second where the transmission 

line was represented by its equivalent RLC model. The results of both these models showed 
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extremely low to zero variance and it was evident that the transmission lines are not the 

component causing the offset in the system with distributed generation. Therefore, it is 

clear that, the loads are the components responsible for the offset and mismatch between 

the two platforms. 

Load 6 (L6)

Grid

T1
Transmission Line 16

 

Fig 3.4: Single branch system 

Load 6 (L6)

Grid

T1

R16 L16

 

Fig 3.5: Transmission line represented by lumped resistance and inductance 

3.3.3 Source of Inconsistency 

Upon verification of all the components except the loads in the reduced system with 

no distributed generation, it is evident that the loads are the culprits behind the mismatch. 

There are four separate loads employed in this grid, each with varying power consumption, 

and capacitive or inductive nature.  
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The system without distributed generation is reduced to just once branch consisting 

of the source (utility), transformer, transmission line and a load. This reduction is illustrated 

in Fig 3.4. It can be seen in table 3.15 below that the input parameters differ in both PSCAD 

and Matlab-Simscape (they are not one to one transformation). It can be seen that, the Fixed 

Load block in PSCAD requires, the rated real power per phase, rated reactive power 

(positive or negative), rate load voltage (rms L-G) and finally, the fundamental frequency. 

Furthermore, PSCAD utilizes the constant impedance configuration, as per the associated 

documentation.  

On the other hand, Matlab-Simscape requires nominal phase to phase voltage (Vn 

rms), nominal frequency, active power, inductive reactive power, capacitive reactive 

power, load type and finally a configuration setting (Y ground, Y floating, Y neutral or 

Delta). There are few parameters that are shared amongst the two platforms, such as the 

voltage, frequency and load type. These settings were kept constant in PSCAD and in 

Matlab-Simscape and the various configurations were utilized in an attempt to obtain 

match between PSCAD and Matlab-Simscape. In order to maintain uniformity, load 

modeling methodology is proposed based on their respective power and voltage ratings 

and described in the following section. 

Table 3.15: Input parameters required based on simulation environment 

Input Parameters 

PSCAD Matlab-Simscape 

Rater Real Power per Phase (MW) Nominal Phase to Phase Voltage (Vrms) 

Rated Reactive Power (MVAR) Active Power (W) 

Rated Load Voltage L-G (kV) Inductive Reactive Power (Positive VAR) 

 Capacitive Reactive Power (Negative VAR) 

Fundamental Frequency (Hz) Nominal Frequency (Hz) 

 Configuration 
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3.3.4 Load Modelling Methodology  

Based on the outputs and results of the two platforms, it was evident that a match 

could not be made regardless of the configuration. In order to create consistency and 

uniformity in both PSCAD and Matlab-Simscape, the loads were modelled based on their 

respective RL and RC equivalent models (i.e. based on whether the load was inductive or 

capacitive). It was evident from the output and results of the simulation that there was a 

match in all the readings. Based on the outputs and results of the two simulating platforms 

while implementing the proposed methodology, a match in the output by an error 

percentage of less than 1% as will be presented in Chapter 4.  

Further investigation was carried out by implementing the proposed methodology 

(representing the loads based on their respective RL/RC equivalent) on the system with no 

distributed generation, which consists of the entire network with no distributed generation 

sources and their respective controls. The formulae necessary to convert the loads to their 

RL or RC equivalent models are defined below.  

The reactance calculated in equation 3.2 is inductive in nature if the reactive power 

is a positive quantity and capacitive in nature when the reactive power is negative. Based 

on whether the reactance is capacitive or inductive equation 3.3 or equation 3.4 are invoked 

to calculate inductance and capacitance accordingly. The equivalent constant impedance 

parameters of each of the loads based on the active power, rated load voltage and rated 

reactive power are illustrated in Table 3.16 below. The values of R, L and C are obtained 

using equation 3.1 through equation 3.4. 
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𝑅 = 
𝐸2

𝑃
                                                                  (3.1) 

Where 

 𝐸  is the L-G RMS voltage, 𝑃 is the active power and 𝑅 is the resistance. 

 

𝑋 = 
𝐸2

𝑄
                                                                 (3.2) 

Where 

 𝐸  is the L-G RMS voltage, 𝑄 is the reactive power and 𝑋 is the reactance. 

 

𝐿 =  
𝑋𝐿

𝑗𝜔
                                                                 (3.3) 

Where 

 𝑋𝐿 is the inductive reactance and 𝜔 is the frequency. 

 

𝐶 =  
1

𝑗𝜔𝑋𝑐
                                                             (3.4) 

Where 

 𝑋𝐶  is the capacitive reactance and 𝜔 is the frequency. 

Table 3.16: Load input parameters 

Load Equivalent Impedance 

Load 

Name 

Voltage 

(KV) 

Active 

Power P 

(MW)  

Reactive 

Power Q 

(+Inductive) 

Equivalent 

Resistance 

(Ω) 

Equivalent 

C or L 

(F/H) 

Load 6 0.277 0.03 -0.0067 2.5576 2.3162e-4 

Load 5 0.277 0.05 -0.0133 1.5346 4.5979e-4 

Load 4 0.277 0.05 0.0150 1.5346 0.01356 

Load 3 0.277 0.05 0.0150 1.5346 0.01356 
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Load 6 (L6)

Grid

T1
Transmission Line 16

R6 C6

 

Fig 3.6. Load represented as resistance and capacitance 

Load 6 (L6)

Grid

T1
Transmission Line 16

R6 L6

 

Fig 3.7. Load represented as resistance and capacitance 
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3.4. Voltage Source Converter Control Methodologies 

 The three Distributed Generation sources are connected to the network using 

Voltage Source Converters (VSC) to create the CERTS microgrid. This as a result enables 

the microgrid to operate in grid-connected mode and islanded mode. The point of common 

coupling allows the DGs to be integrated into the network. Voltage source converters are 

utilized in order to convert the DC generation to AC generation, in its essence the VSC is 

an inverter. The use of the voltage source converters helps converting the DC parameters 

to AC parameters. There are three voltage source converters employed, one for each of the 

three distributed energy resources. Each of these voltage source converters requires a 

gating signal in order to control the switching sequence of the switching devices. In order 

to generate the gating signal, Pulse Width Modulation (PWM) is utilized along with a high 

frequency repeating signal like a triangular wave. In order to turn the switches on, the 

gating signal is compared to a reference signal. In order to model and simulate the two 

different operation modes of the system, three different control methodologies are utilized. 

The battery energy storage utilizes a control methodology referred to as current-mode 

control and the PV arrays utilize a slightly modified version of the current-mode control 

called modified-current mode control mode with DC link voltage. The modification is done 

in order to ensure that the maximum power is derived from the photovoltaic array. 

3.4.1 Current-Mode Control 

 In order to control any voltage source converter, the active power (P) and reactive 

power (Q) need to be controlled and tracked. The voltage source converters are three phase 

systems and thus require each of the three phases of the active power and reactive power 

to be controlled simultaneously. In order to simultaneously control all three phases, the 
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system needs to be transformed into a single-phase system. In order to represent the three-

phase system as a single-phase system the park transformation [60] is employed, which 

enables the parameters from phases ABC to a rotating dq-frame as shown in Fig 3.10. The 

currents of the system are utilized and controlled in order to control the active power and 

reactive power as power is directly related to the current. In order to control the currents, 

they must be transformed from three phase to its equivalent representation in the dq0-frame 

[3]. The transformation process is based on the following equations outlined in [3]. 

[
𝑉𝑑

𝑉1

𝑉0

] =
2

3

[
 
 
 
 
 sin(𝜃) sin (𝜃 −
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3
)

1

2

1

2

1

2 ]
 
 
 
 
 

[
𝑉𝑎

𝑉𝑏

𝑉𝑐

]                        (3.5) 

𝑃𝑠(𝑡) =
3

2
(𝑣𝑠𝑑(𝑡)𝑖𝑑(𝑡) + 𝑣𝑠𝑞(𝑡)𝑖𝑞(𝑡))                                     (3.6) 

𝑄𝑠(𝑡) =
3

2
(−𝑣𝑠𝑑(𝑡)𝑖𝑞(𝑡) + 𝑣𝑠𝑞(𝑡)𝑖𝑑(𝑡))                                    (3.7) 

 The dq-frame components of the AC-side voltages and currents are represented 

using 𝑣𝑠𝑑(t), 𝑣𝑠𝑞(t), 𝑖𝑑(t) and 𝑖𝑞(t). The phase locked loop (PLL) enables the 𝑣𝑠𝑞(t) to be 

kept constant at zero in the steady state condition, this as a result simplifies equation (3.6) 

and (3.7). The currents 𝑖𝑑𝑟𝑒𝑓(t) and 𝑖𝑞𝑟𝑒𝑓(t) need to be calculated using the reference active 

and reactive powers using equations (3.8) and (3.9). Figure 3.8 Shows the complete 

diagram of the process undertaken in order to implement the current-mode control method. 

𝑖𝑑𝑟𝑒𝑓(𝑡) =
2

3𝑣𝑠𝑑
(𝑃𝑠𝑟𝑒𝑓(𝑡))                                                   (3.8) 
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𝑖1𝑟𝑒𝑓(𝑡) =
2

3𝑣𝑠𝑑
(𝑄𝑠𝑟𝑒𝑓(𝑡))                                                   (3.9) 

 The process is initiated by first calculating the reference currents utilizing equations 

(3.8) and (3.9). Following the generation of the reference currents, the reference currents 

are then fed into the compensator along with the AC side currents and AC side voltages. 

The output of the compensator is then converted back to three phase from the dq0 frame 

and is fed into the PWM Generator, which generates the gating signals needed for the firing 

of the voltage source converter. The following figures illustrate the modelling of the control 

strategy for the battery energy storage (DER-Bt.S) in both PSCAD and Matlab-Simscape. 
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Fig 3.8: Current mode control 

 

3.4.2 Modified Current-Mode Control with DC Link Voltage 

 The modified current-mode control with DC link voltage is discussed in [61], which 

presents the theory as a variant of the current-model control methodology. The primary 
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objective of the modified current-mode control with DC link voltage is to ensure that the 

power factor of the photovoltaic system is regulated. The DC link voltage-control scheme 

enables the control of the amount of power generated by the photovoltaic system.  The DC 

link voltage-control scheme also ensures that the photovoltaic system behaves in a stable 

manner and safe operation of the voltage source converter. Fig 3.9. Shows the complete 

diagram of the process undertaken to implement the modified current-mode with DC link 

voltage control method. 

 The process is initiated by first obtaining the reference currents from the 𝑄𝑠𝑟𝑒𝑓 and 

𝑉𝑑𝑐𝑟𝑒𝑓. Following the generation of the reference currents, the reference currents are then 

fed into the compensator along with the AC side currents and AC side voltages. The output 

of the compensator is then converted back to three-phase from the dq0 frame and fed into 

the PWM Generator, which generates the gating signals need for the firing of the voltage 

source converter. The following figure (Fig 3.9) illustrates the modelling of the control 

strategy for the photovoltaic source-2 (DER-PV2) in both PSCAD and Matlab-Simscape. 
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Fig 3.9: Modified current mode control 

3.4.3  Frequency Mode Control 

 During the island mode of operation, the system operates in stand-alone mode, 

completely disconnected from the grid and it is self-sufficient. In order for any power 

system to be functional, the frequency is a crucial parameter (typically 60Hz), during grid 

connected mode the frequency is provided by the utility grid, while in islanded mode the 

frequency needs to be generated in order to be used in the system. The frequency and 

voltage are both controlled by the voltage source converter in the islanded mode and this 

done by utilizing the frequency mode control methodology. The photovoltaic source-1 is 

controlled using both the current-mode control and the frequency mode control as it is 

modelled to operate in both islanded mode and grid-connected mode. For this distributed 

energy source, it is important to create a control scheme, which is capable of utilizing the 

utility grid frequency in grid-connected mode and switch it to a generated frequency in the 

islanded mode of operation in the event of a service disruption or other such issues. Fig 
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3.10 Shows the complete diagram of the process undertaken in order to implement the 

frequency mode control method. 

 The process is initiated by first obtaining the reference currents from the 𝑉𝑠𝑑𝑟𝑒𝑓 and 

𝑉𝑠𝑞𝑟𝑒𝑓. 𝑉𝑠𝑑𝑟𝑒𝑓 and 𝑉𝑠𝑞𝑟𝑒𝑓 are calculated using (3.5), which calculates the dq0 frame 

equivalent values of the three-phase voltage and current values. Following the generation 

of the reference currents, the reference currents are then fed into the compensator along 

with the AC side currents and AC side voltages. The output of the compensator is then 

converted back to three-phase from the dq0 frame and fed into the PWM Generator, which 

generates the gating signals need for the firing of the voltage source converter. The 

following figure (Fig 3.10) illustrates the modelling of the control strategy for the 

photovoltaic source-1 (DER-PV1) in both PSCAD and Matlab-Simscape. 
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Fig 3.10: Frequency mode control 
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3.5. Data Acquisition and the Recorded Parameters 

 To keep uniformity in the analysis of the data collected during testing, the location 

of the points of measurement and their respective measured parameters were kept uniform. 

Doing so allowed an unbiased and consistent comparison of the CERTS microgrid testbed 

system in both PSCAD and Matlab-Simscape. The parameters measured and logged were 

the voltages and currents at various points in the CERTS microgrid testbed system as can 

be seen in Fig 3.11. The simulation parameters utilized during these simulations were a 

total run duration of one second, a step size of ten microseconds, a plot step of ten 

microseconds along with trapezoidal integration and EMTDC methods. The time step size 

is selected based on the Nyquist Criteria which states that the sampling frequency must be 

twice the highest frequency of the system in order to attain accurate results and 

representation of the signal. The highest frequency in this system is 15.3 kHz of the carrier 

frequency in the VSC controls. Based on the Nyquist criteria the sample time should be 

based on the frequency 30.6kHz which would require a time step size of 32.68µs. The 10µs 

utilized in this work is able to clearly and accurately represent the data, as a 10µs is 

compatible with a frequency of 100kHz. This step size of 10µs is sufficient to serve the 

objective of the steady state analysis, but this will not be sufficient for a transient study of 

the system and will need to be adjusted accordingly. 

 There are several indices that were utilized in this thesis, such as Total Harmonic 

Distortion (THD), Mean Absolute Deviation (MAD). The MAD is a measure of the 

variability in a dataset, as the MAD is essentially a measure of the average distance between 

any data point to the mean of the data set. The MAD is obtained by computing equation 

(3.10). The mean of any data set is essentially the average of the entire data set, obtained 
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by acquiring the sum of all data points and dividing by the total number of data points in 

the data set as shown by equation (3.11). 

𝑀𝐴𝐷 = 
∑|𝑥𝑖 − �̅�|

𝑛
                                                    (3.10)  

Where 

 𝑥𝑖   is the 𝑖𝑡ℎ  value,�̅� is the mean of all values and 𝑛 is the number of samples in the dataset. 

𝑚𝑒𝑎𝑛 =  
∑ 𝑥𝑖

𝑛
                                                         (3.11) 

Where 

 𝑥𝑖   is the 𝑖𝑡ℎ  value and 𝑛 is the number of samples in the dataset. 

 

 The Total Harmonic Distortion (THD) on the other hand is a concept, which is a 

little more complex than the mean and MAD. The THD is the measure of the harmonics 

present in any parameter measured in a system, such as the voltage and current. The THD 

is the summation of all harmonic components of the current and voltage and can be 

calculated using equation (3.12) below [57]. In order to derive the harmonics of each of 

the voltage and current measurements recorded the Fast Fourier Transform [62]  needs to 

be invoked (FFT). 

𝑇𝐻𝐷 = 
√∑ 𝑉𝑗

∞
𝑗=2

𝑉1
∗ 100                                                     (3.12) 

Where 

 𝑗  is the harmonic order, 𝑉𝑗  is the RMS voltage of 𝑗𝑡ℎ harmonic and 𝑉1is the fundamental 

RMS voltage. 
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 The Fast Fourier Transform (FFT) is a signal processing tool, which enables the 

analysis of a signal spectrum. The FFT algorithm is capable of computing the discrete 

Fourier transform DFT for a time series. The FFT algorithm has enabled the calculation of 

the harmonics at numerous levels for each of the signals under analysis. There are two 

forms of the FFT algorithm, one is the decimation in time (DIT) while the other is the 

decimation in frequency (DIF). In PSCAD the FFT block, the decimation in time DIT is 

employed in order to calculate the distortion in each of the voltage and current signals. The 

formulation of the DIT used by FFT to calculate the DFT of the input signal as defined in 

equations (3.13) to (3.16) below [63], [64].  

𝐵𝑟 = ∑ 𝑌𝑘 exp (
−4𝜋𝑗𝑟𝑘

𝑁⁄ )

(
𝑁
2
)−1

𝑘=0

                                        (3.13) 

𝑌𝑘 = 𝑋2𝑘 

𝑍𝑘 = 𝑋2𝑘+1 

𝑘 = 0,1,2, … ,
𝑁

2
− 1 

Where 

𝐵𝑟 is the discrete Fourier Transform of the even-numbered values, 𝑌𝑘 is the set of points 

consisting of the even-numbered points of the timeseries and 𝑁 is the total number of data 

points in the timeseries. 

𝐶𝑟 = ∑ 𝑍𝑘 exp (
−4𝜋𝑗𝑟𝑘

𝑁⁄ )                                         

(
𝑁
2
−1)

𝑘=0

 (3.14) 

𝑟 = 0,1,2, … ,
𝑁

2
− 1 
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𝑟 = 0,1,2… ,𝑁 − 1 

Where 

𝐶𝑟 is the discrete Fourier Transform of the odd-numbered values, 𝑍𝑘 is the set of points 

consisting of the odd-numbered points of the timeseries and 𝑁 is the total number of data 

points in the timeseries. 

 

𝐴𝑟 = ∑ {𝑌𝑘 exp (
−4𝜋𝑗𝑟𝑘

𝑁
)

(
𝑁
2
)−1

𝑘=0

+ 𝑍𝑘 exp (
−2𝜋𝑗𝑟

𝑁
[2𝑘+1]                      (3.15) 

𝑟 = 0,1,2… ,𝑁 − 1 

𝐴𝑟 = ∑ 𝑌𝑘 
(
𝑁

2
−1)

𝑘=0 exp (−
4𝜋𝑗𝑟𝑘

𝑁
) + exp(

−2𝜋𝑗𝑟

𝑁
) ∑ 𝑍𝑘 

(
𝑁

2
−1)

𝑘=0 exp (
−4𝜋𝑗𝑟𝑘

𝑁
)       (3.16)  

Where 

𝐴𝑟 is the discrete Fourier Transform of the even-numbered and odd-numbered values 

combined and 𝑌𝑘 is the set of points consisting of the even-numbered points of the 

timeseries. 𝑍𝑘 is the set of points consisting of the odd-numbered points of the timeseries 

and 𝑁 is the total number of data points in the timeseries. 
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Fig 3.11: Points of measurement for CERTS microgrid 

 

3.6.  Summary 

In this chapter the modelling and simulation of the CERTS microgrid testbed 

system was performed. The CERTS microgrid testbed system was discussed in detail, 

while outlining the parameters needed to model each of the components utilized in the 

system. Followed by a detailed description of the control methodologies utilized to control 

the voltage source converters utilized to integrate the various distributed generation units 

into the microgrid. Three different control techniques were described and illustrated, 

namely Current-Mode Control, Modified Current Mode Control with DC Link Voltage and 

Frequency Mode Control. The voltage source converters are employed in order to 

transform DC generation to AC generation. The systems modelling techniques were 

described in detail and the impact of each component on the comparison being performed 
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was outlined. The procedures followed in order to mitigate the offsets in results between 

both PSCAD and Matlab-Simcape were described in detail. Followed by the detailed 

description of the methodology utilized in order to unify the modelling in the two 

simulation environments. The step size selection criteria were described in detail, the 

objective of this work is to perform a steady state analysis of the system. In the case of 

transient analysis, the time step must be chosen accordingly as a much smaller time step 

size would be beneficial to accurately represent the data. It must also be mentioned that a 

transient study will require more computation time than the steady state study performed 

in this work. Finally, the points of measurement in the CERTS microgrid testbed were 

illustrated and the analytical analysis techniques utilized to study the data were described 

in detail.  
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4. Results and Evaluation 

4.1. Introduction 

 In this chapter, the performance of the CERTS microgrid testbed is evaluated in 

Power System Computer Aided Design (PSCAD) and MATLAB Matlab-Simscape. This 

study assesses the effects of the distributed generators (DGs) and renewable energy sources 

on the point of common coupling (PCC). The CERTS microgrid testbed system is modelled 

and is simulated in two different simulation environments with the objective of performing 

a comparative evaluation of the system in mind. In order to ensure that a comprehensive 

study is conducted, the CERTS microgrid testbed system is operated in both grid-connected 

mode and island mode. The parameters logged were the root mean square (RMS) voltage 

and current. Along with the total harmonic distortion (THD) of both the voltage and the 

current. 

 Following the completion of the modelling of the CERTS microgrid testbed system, 

several runs were conducted of the simulation to gather a large dataset and to account for 

any variances during different runs. The simulation parameters utilized during these 

simulations were a total run duration of one second, a step size of ten microseconds, a plot 

step of ten microseconds along with trapezoidal integration and EMTDC methods. The 

RMS block in Matlab-Simscape shows an initialization at 120V, which did not have an 

impact on the steady study performed in this work. However, in the transient study the 

initialization of the simulation in Matlab-Simscape should be considered in detail. Lastly a 

variety of analysis techniques are utilized in order to compare the performance of the 

CERTS microgrid testbed system in the grid-connected and islanded modes of operation.  
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The performance of both environments is validated by comparing the measured 

data collected at the same measurement points described in Fig 4.12. A variance of only 

1% is considered acceptable based on the work previously introduced in [49], which is 

based on a similar study between the same two simulation platform but targeting a very 

different system. The study provided in the thesis is focused on the steady-state 

performance of the CERTS microgrid. The time at which the system is considered in steady 

state is at the point when the system reaches an equilibrium point without visible 

oscillation. In order to unify the description throughout the discussion, the time at which 

the system is considered in steady-state is adjusted to t=0.1s. similar assumption has been 

already considered in the discussion in [49]. 

4.2. Test System Description 

 The CERTS microgrid testbed system was utilized in this study which consists of 

an ideal source acting as the grid, a step-down transformer, five transmission lines, four 

loads and three distributed generation units. In order to perform a comprehensive study of 

the system it is essential to study the power generated by these distributed generation units 

and their impact on the point integration into the CERTS microgrid testbed system. In order 

to perform this study, it was necessary to monitor and analyze the voltage, current and 

power generated on the Primary side of all inverters. Prior to the conversion from DC to 

AC with the aid of inverters, as well as the secondary side of the inverts. This can be seen 

in figure 4.1. The red indicates the DC side and the blue indicates the secondary side. This 

is necessary in order to confirm that the required values of each of the voltage, current and 

power are being produced and supplied to the grid. It is essential that these values be 
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consistent in both PSCAD and Matlab-Simscape, as the objective of the study is to perform 

a comparative analysis of the same system in both PSCAD and Matlab-Simscape. 
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Fig 4.1: Distributed Generation DC and AC Measurement Locations 

 Along with these measurement locations, it is of upmost importance to ensure that 

the voltage, power and current at load 3, load 4, load5 and load 6 match in both the systems. 

This is necessary in order to verify that the system has been modelled correctly and is 

similar in both simulation environments. The location of each of these loads can be seen in 

Figure 4.2 below. In order to further diversify the study, the system is analyzed and is 

studied in both the Grid Connected Mode of Operation and in the Island mode of Operation. 

In the Grid Connected Mode of Operation, the entire system is part of the simulation and 

the feedback values required by the control loops to calculate md, mq, Vd and Vq are 

attained directly from the grid, whereas in the Island Mode of Operation certain 
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components of the grid are disconnected. The disconnected components include the Grid, 

Transformer 1(T1), Transmission Line 16 and finally Load 6. The remainder of the system 

remains intact being powered only by the Distributed Generation Sources. In this case the 

reference values required to calculate md, mq, Vd and Vq are calculated using the values 

attained from the battery in the absence of the grid. The battery is preferred over the 

photovoltaic sources due to its ability to absorb large amount of power, a more predictable 

power curve as the photovoltaic units power generation varies based on numerous factors 

such as temperature, irradiance and the number of hours for which the sun shines 

throughout the day as all these factors vary day by and season by season.  

It is important to note that, in all simulation runs demonstrated within this chapter, 

the system always starts from reset with initial values equal to zero. Although such a 

scenario is very unlikely with the current state of the utility grid which is already up and 

running. The CERTS microgrid system is specifically designed to not only investigate the 

system performance and impact on the utility grid in terms of harmonics, voltage and 

frequency. It is also important to investigate the system dynamics where it will be 

connected and disconnected from the utility grid known as the point of common coupling 

(PCC), including system starting from reset (zero initial conditions). That being said, the 

model provided by Matlab-Simscape and PSCAD as accurate to a degree enough to provide 

useful insights on the system performance, but it actually cannot completely model the 

grid. Therefore, in all power system simulation platforms, the chosen system starts from 

zero-initial conditions as it is the neutral unbiased point of operation. However, if the 

system dynamic is the concern (which is not in this work), the proper transient is to be 
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applied the grid model in the simulation after giving it the proper time to reach steady state 

operation from reset. 
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Fig 4.2: Load Measurement Location 

4.3.  Grid Connected Mode 

 This chapter is oriented to study the impact of the distributed generation units at 

various points of coupling with the CERTS microgrid testbed system in the Grid Connected 

mode of operation. In the grid connected mode of operation all the distributed generation 

sources operate in parallel with the grid in order to supply energy to all the loads and meet 

the demands of these loads. There are four loads located all over the grid, namely L3, L4, 

L5 and L6. Along with three distributed energy sources, specifically DER-Bat, DER-PV1 

and DER-PV2. This system is modelled and is simulated in both PSCAD and Matlab-

Simscape. It is crucial to study and analyze the output at various measuring points verify 
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and compare performance of the system in both simulation environments. Along with the 

verification of the modelling parameters and techniques in both PSCAD and Simulink. 

Section 4.3.1 illustrates the results of the PSCAD simulation in the grid connected mode 

of operation, whereas 4.3.2 depicts the results of the Matlab-Simscape simulation in the 

grid connected mode operation. 

4.3.1 PSCAD Simulation Grid Connected Mode 

 In this chapter the results obtained from PSCAD are illustrated and discussed. The 

points of measurement utilized were discussed in section 4.2 and are illustrated here using 

the single line diagram of the CERTS microgrid testbed system. The data collected through 

ten iterations is represented graphically and numerically, as can be seen in this section. 

 First the DC side voltage and DC side current generated by the distributed 

generation units are discussed. Followed by the AC side voltage and AC side current of 

inverters utilized to couple the distributed generators to the grid. Finally, the voltage and 

current of each of load is illustrated. In order to conduct thorough work, it was necessary 

to investigate the Root Mean Square and Total Harmonic Distortion of all AC values being 

analyzed.  
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Fig 4.3: DG1 DC Side Point of Measurement 

  

Fig 4.4: DC Link Voltage DG1 Fig 4.5: DC Link Current DG1 
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Fig 4.6: DG1 AC Side Point of Measurement 

  

Fig 4.7: Voltage RMS at Point of Coupling Fig 4.8: Voltage THD at Point of Coupling 
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Fig 4.9: Current RMS at Point of Coupling Fig 4.10: Current THD at Point of Coupling 

 Figure 4.3 highlights the DC side of the inverter, which is the point under study. 

Figures 4.4 and Figure 4.5 illustrate the output of the PSCAD results for the DC side of the 

inverter integrated with the first distributed generation unit (PV1), which is a photovoltaic 

source namely DER-PV1. Figure 4.6 highlights the AC side of the inverter, which is the 

point under study, whereas Figures 4.7 through 4.10 indicate the output of the PSCAD 

results on the AC side of the inverter for the first distributed generation unit (PV1). It is 

evident through the analysis of the figures generated that the system reaches a stable point 

of operation free of any transients in the neighborhood of 0.1 seconds and the total duration 

of the run is 1.0 second. It is clear that on the DC side of the inverter PV1 generates 

approximately 1,297V and 140.2A. The RMS voltage measured at the secondary side of 

the inverter at which point PV1 is incorporated into PV1 is approximately 272V, along 

with a Total Harmonic Distortion value of 0.0012%, whereas the RMS current measured 

at the same point is approximately 218.4A accompanied by a Total Harmonic Distortion 

value of approximately 0.0220%. The THD for both the voltage and current was very low 

and at an ideally acceptable level. 
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Fig 4.11: DG2 DC Side Point of Measurement 

  

Fig 4.12: DC Link Voltage DG2 Fig 4.13: DC Link Current DG2 
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Fig 4.14: DG2 AC Side Point of Measurement 

  

Fig 4.15: Voltage RMS at Point of Coupling Fig 4.16: Voltage THD at Point of Coupling 
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Fig 4.17: Current RMS at Point of Coupling Fig 4.18: Current THD at Point of Coupling 

 Figure 4.11 highlights the DC side of the inverter, which is the point under study. 

Figures 4.12 and Figure 4.13 illustrate the output of the PSCAD results for the DC side of 

the inverter integrated with the second distributed generation unit (PV2), which is a 

photovoltaic source namely DER-PV2. Figure 4.14 highlights the AC side of the inverter, 

which is the point under study, whereas Figures 4.15 through 4.18 indicate the output of 

the PSCAD results on the AC side of the inverter for the second distributed generation unit 

(PV2). It is evident through analysis of the figures generated that the system reaches a 

stable point of operation free of any transients in the neighborhood of 0.1 seconds and the 

total duration of the run is 1.0 second. It is clear that on the DC side of the inverter PV2 

generates approximately 1297V and 146.9A. The RMS voltage measured at the secondary 

side of the inverter at which point PV2 is incorporated into PV2 is approximately 277.1V, 

along with a Total Harmonic Distortion value of 9.2820 x10−5%, whereas the RMS 

current measured at the same point is approximately 217.9A, accompanied by a Total 

Harmonic Distortion value of approximately 0.0076%. The THD for both the voltage and 

current was very low and at an ideally acceptable level. 
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Fig 4.19: DG3 DC Side Point of Measurement 

  

Fig 4.20: DC Link Voltage DG3 Fig 4.21: DC Link Current DG3 
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Fig 4.22: DG3 AC Side Point of Measurement 

  

Fig 4.23: Voltage RMS at Point of Coupling Fig 4.24: Voltage THD at Point of Coupling 
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Fig 4.25: Current RMS at Point of Coupling Fig 4.26: Current THD at Point of Coupling 

 Figure 4.19 highlights the DC side of the inverter, which is the point under study. 

Figures 4.20 and Figure 4.21 illustrate the output of the PSCAD results for the DC side of 

the inverter integrated with the third distributed generation unit (BES), which is a battery 

energy storage source namely DER-Bt.S. Figure 4.22 highlights the AC side of the inverter, 

which is the point under study. Whereas Figures 4.23 through 4.26 indicate the output of 

the PSCAD results on the AC side of the inverter for the third distributed generation unit 

(BES). It is evident through the analysis of the figures generated that the system reaches a 

stable point of operation free of any transients in the neighborhood of 0.1 seconds and the 

total duration of the run is 1.0 second. It is clear that on the DC side of the inverter BES 

generates approximately 1,423V and 78.62A. The RMS voltage measured at the secondary 

side of the inverter at which point BES is incorporated into BES is approximately 277.1V, 

along with a Total Harmonic Distortion value of 0.0001%, whereas the RMS current 

measured at the same point is approximately 133.3A, accompanied by a Total Harmonic 

Distortion value of approximately 0.0280%. The THD for both the voltage and current was 

very low and at an ideally acceptable level. 
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Fig 4.27: Load Measurement Point 

  

Fig 4.28: Voltage RMS at Load 6 Fig 4.29: Voltage THD at Load 6 
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Fig 4.30: Current RMS at Load 6 Fig 4.31: Current THD at Load 6 

 

 Figure 4.27 highlights Load 6, which is the node under study. Figures 4.28 through 

figures 4.31 illustrate the output of the PSCAD results for the load side of Line16, which 

is the first branch of the CERTS microgrid testbed system. Between Load 6 and the Grid 

there is a transmission line which results in transmission losses. It is essential to study the 

measurements at Load 6 to verify that the load demand is being satisfied. It is evident 

through analysis of the figures that the system stabilizes at 0.1 seconds and the total 

duration of the run is 1.0 second. It is clear that the RMS voltage is 272.8V and the THD 

of the voltage is 0.0449%. The measurements indicate that the RMS current is 

approximately 109.9A and the THD is approximately 0.0421%. The THD for both the 

voltage and current is very low and at an ideally acceptable level. 
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Fig 4.32. Load 5 Measurement Point 

  

Fig 4.33: Voltage RMS at Load 5 Fig 4.34: Voltage THD at Load 5 
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Fig 4.35: Current RMS at Load 5 Fig 4.36: Current THD at Load 5 

 Figure 4.32 shows Load 5, which is connected at the node under study. Figures 4.33 

through figures 4.36 illustrate the output of the PSCAD results for the load side of Line25, 

which is the second branch of the CERTS microgrid testbed system. Between Load 5 and 

the Grid there is a transmission line, which results in transmission losses, along with the 

point of coupling of PV2 It is essential to study the measurements at Load 5 to verify that 

the load demand is being satisfied. The addition of a DG has an impact on the output 

parameters, and it is essential to study the impact of the amalgamation. It is evident through 

analysis of the figures that the system stabilizes at 0.1 seconds and the total duration of the 

run is 1.0 second. It is clear that the RMS voltage is 269.9V and the THD of the voltage is 

0.0111%. The measurements indicate that the RMS current is approximately 182.7A and 

the THD is approximately 0.0504%. The THD for both the voltage and current is very low 

and at an ideally acceptable level. 
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Fig 4.37: Load 4 Measurement Point 

  

Fig 4.38. Voltage RMS at Load 4 Fig 4.39. Voltage THD at Load 4 

 



 

73 
 

  

Fig 4.40: Current RMS at Load 4 Fig 4.41: Current RMS at Load 4 

 

 Figure 4.37 shows Load 4, which is connected at the node under study. Figures 4.38 

through figures 4.41 illustrate the output of the PSCAD results for the load side of Line44, 

which is the third branch of the CERTS microgrid testbed system. Between Load 4 and the 

Grid there are three sets of transmission lines which result in transmission losses, along 

with the point of coupling of PV1 and BES. It is essential to study the measurements at 

Load 4 to verify that the load demand is being satisfied. The addition of two DGs has an 

impact on the output parameters and it is essential to study the impact of the amalgamation. 

Load 4 is the furthest from the source and as such encounters the most variation and the 

highest offset. It is evident through analysis of the figures that the system stabilizes at 0.1 

seconds and the total duration of the run is 1.0 second. It is clear that the RMS voltage is 

264.5V and the THD of the voltage is 0.0013%. The measurements indicate that the RMS 

current is approximately 179.9A and the THD is approximately 0.1271%. The THD for 

both the voltage and current is very low and at an ideally acceptable level. 
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Fig 4.42: Load 3 Measurement Point 

  

Fig 4.43: Voltage RMS at Load 3 Fig 4.44: Voltage THD at Load 3 
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Fig 4.45: Current RMS at Load 3 Fig 4.46: Current RMS at Load 3 

 

 Figure 4.42 shows Load 3, which is connected at the node under study. Figures 4.43 

through figures 4.46 illustrate the output of the PSCAD results for the load side of Line34, 

which is the third branch of the CERTS microgrid testbed system. Between Load 3 and the 

Grid there is one transmission line, which result in transmission losses, along with the point 

of coupling of BES. It is essential to study the measurements at Load 3 to verify that the 

load demand is being satisfied. The addition of two DGs has an impact on the output 

parameters and it is essential to study the impact of the amalgamation. Load 4 is the furthest 

from the source and as such encounters the most variation and the highest offset. It is 

evident through analysis of the figures that the system stabilizes at 0.1 seconds and the total 

duration of the run is 1.0 second. It is clear that the RMS voltage is 270.9V and the THD 

of the voltage is 0.0082%. The measurements indicate that the RMS current is 

approximately 184.4A and the THD is approximately 0.0079%. The THD for both the 

voltage and current is very low and at an ideally acceptable level.  
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Table 4.1: Mean, MAD and Variance of Load 6 

 

Table 4.2: Mean, MAD and Variance of Load 5 

 

Table 4.3: Mean, MAD and Variance of Load 4 

 

Table 4.4: Mean, MAD and Variance of Load 3 

 

4.3.2 Matlab-Simscape Simulation Grid Connected Mode 

In this chapter, the results obtained from Matlab-Simscape are illustrated and 

discussed. The points of measurement utilized were discussed in section 4.2 and are 

illustrated here using the single line diagram of the CERTS microgrid testbed system. The 

data collected through ten iterations is represented graphically and numerically, as can be 

seen in this section. 

Run1 Run2 Run3 Run4 Run5 Avg of Means MAD Variance

VRMS 263.89 263.89 263.89 263.943 263.89 263.9002 0.01712 0.00057245

VTHD 0.0263 0.0263 0.0263 0.0264 0.0263 0.02632 3.2E-05 2E-09

IRMS 105.753 105.753 105.753 105.774 105.753 105.75682 0.006912 9.3312E-05

ITHD 0.0254 0.0254 0.0254 0.0254 0.0254 0.0254 0 0

Load 6 PSCAD

Run1 Run2 Run3 Run4 Run5 Avg of Means MAD Variance

VRMS 261.207 261.207 261.207 261.26 261.207 261.21768 0.016928 0.000559682

VTHD 0.0264 0.0264 0.0264 0.0264 0.0264 0.0264 0 0

IRMS 176.272 176.272 176.272 176.308 176.272 176.2791 0.01152 0.0002592

ITHD 0.0254 0.0254 0.0254 0.0254 0.0254 0.0254 0 0

Load 5 PSCAD

Run1 Run2 Run3 Run4 Run5 Avg of Means MAD Variance

VRMS 256.138 256.138 256.138 256.19 256.138 256.14836 0.016736 0.000547058

VTHD 0.0264 0.0264 0.0264 0.0264 0.0264 0.0264 0 0

IRMS 178.653 174.461 174.461 174.497 174.461 175.3064 1.3388 3.50099312

ITHD 0.0252 2.5386 2.5386 2.5417 2.5386 2.03654 0.804536 1.264216988

Load 4 PSCAD

Run1 Run2 Run3 Run4 Run5 Avg of Means MAD Variance

VRMS 262.292 262.292 262.292 262.346 262.292 262.30306 0.017056 0.000568178

VTHD 0.0261 0.0261 0.0261 0.0261 0.0261 0.0261 0 0

IRMS 178.653 178.653 178.653 178.69 178.653 178.66072 0.011712 0.000267912

0.0252 0.0252 0.252 0.0253 0.0252 0.07058 0.072568 0.010285382

Load 3 PSCAD
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 First the DC side voltage and DC side current generated by the distributed 

generation units are discussed. Followed by the AC side voltage and AC side current of 

inverters utilized to couple the distributed generators to the grid. Finally, the voltage and 

current of each of load is illustrated. In order to conduct thorough work, it was necessary 

to investigate the Root Mean Square and Total Harmonic Distortion of all AC values being 

analyzed.  
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Fig 4.47: DG1 DC Side Point of Measurement 
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Fig 4.48: DC Link Voltage DG1 Fig 4.49: DC Link Current DG1 
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Fig 4.50: DG1 AC Side Point of Measurement 
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Fig: 4.51: Voltage RMS at Point of Coupling Fig: 4.52: Voltage THD at Point of Coupling 

  
Fig: 4.53: Current RMS at Point of Coupling Fig: 4.54. Current THD at Point of Coupling 

 

Figure 4.3 depicts the DC side of the inverter, which is the point under study. 

Figures 4.4 and Figure 4.5 illustrate the output of the PSCAD results for the DC side of the 

inverter integrated with the first distributed generation unit (PV1), which is a photovoltaic 

source namely DER-PV1. Figure 4.6 highlights the AC side of the inverter, which is the 

point under study, whereas Figures 4.7 through 4.10 indicate the output of the PSCAD 

results on the AC side of the inverter for the first distributed generation unit (PV1). It is 

evident through analysis of the figures generated that the system reaches a stable point of 

operation free of any transients in the neighborhood of 0.1 seconds and the total duration 

of the run is 1.0 second. It is clear that on the DC side of the inverter PV1 generates 
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approximately 1297V and 138.7A. The RMS voltage measured at the secondary side of 

the inverter at which point PV1 is incorporated into PV1 is approximately 271.7V, along 

with a Total Harmonic Distortion value of 0.0457%, whereas the RMS current measured 

at the same point is approximately 223A, accompanied by a Total Harmonic Distortion 

value of approximately 0.3579%. The THD for both the voltage and current was very low 

and at an ideally acceptable level. 
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Fig 4.55: DG2 DC Side Point of Measurement 
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Fig 4.56: DC Link Voltage DG2 Fig 4.57: DC Link Current DG2 
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Fig 4.58: DG2 AC Side Point of Measurement 
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Fig 4.59. Voltage RMS at Point of Coupling Fig 4.60. Voltage THD at Point of Coupling 

 

  

Fig 4.61. Current RMS at Point of Coupling 

 

Fig 4.62. Current THD at Point of Coupling 

Figure 4.55 highlights the DC side of the inverter which is the point under study. 

Figures 4.56 and Figure 4.57 illustrate the output of the PSCAD results for the DC side of 

the inverter integrated with the second distributed generation unit (PV2), which is a 

photovoltaic source namely DER-PV2. Figure 4.58 highlights the AC side of the inverter, 

which is the point under study. Whereas Figures 4.59 through 4.62 indicate the output of 

the PSCAD results on the AC side of the inverter for the second distributed generation unit 
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(PV2). It is evident through analysis of the figures generated that the system reaches a 

stable point of operation free of any transients in the neighborhood of 0.1 seconds and the 

total duration of the run is 1.0 second. It is clear that on the DC side of the inverter PV2 

generates approximately 1295V and 138.4A. The RMS voltage measured at the secondary 

side of the inverter at which point PV2 is incorporated into PV2 is approximately 277.1V, 

along with a Total Harmonic Distortion value of 0.0133%, whereas the RMS current 

measured at the same point is approximately 225.6A, accompanied by a Total Harmonic 

Distortion value of approximately 0.5468%. The THD for both the voltage and current was 

very low and at an ideally acceptable level. 

PCC

Load 3 (L3)

Load 5 (L5)

Load 6 (L6)

Load 4 (L4)

DER-Bt.s

DER-PV2
DER-PV1

Grid

T1
Transmission Line 16

Transmission Line 25

Transmission Line 34

Transmission Line 33

Transmission Line 35

 

Fig 4.63: DG3 DC Side Point of Measurement 
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Fig 4.64: DC Link Voltage DG3 Fig 4.65: DC Link Current DG3 
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Fig 4.66: DG3 AC Side Point of Measurement 
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Fig 4.67: Voltage RMS at Point of Coupling 

 

Fig 4.68: Voltage THD at Point of Coupling 

 

  

Fig 4.69: Current RMS at Point of Coupling Fig 4.70: Current THD at Point of Coupling  

 

Figure 4.63 highlights the DC side of the inverter, which is the point under study. 

Figures 4.64 and Figure 4.65 illustrate the output of the PSCAD results for the DC side of 

the inverter integrated with the third distributed generation unit (BES), which is a battery 

energy storage source namely DER-Bt.S. Figure 4.66 highlights the AC side of the inverter 

which is the point under study, whereas Figures 4.67 through 4.70 indicate the output of 
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the PSCAD results on the AC side of the inverter for the third distributed generation unit 

(BES). It is evident through analysis of the figures generated that the system reaches a 

stable point of operation free of any transients in the neighborhood of 0.1 seconds and the 

total duration of the run is 1.0 second. It is clear that on the DC side of the inverter BES 

generates approximately 1454V and 78.56A. The RMS voltage measured at the secondary 

side of the inverter at which point BES is incorporated into BES is approximately 277.1V, 

along with a Total Harmonic Distortion value of 0.0133 %, whereas the RMS current 

measured at the same point is approximately 133.1A, accompanied by a Total Harmonic 

Distortion value of approximately 0.3775%. The THD for both the voltage and current was 

very low and at an ideally acceptable level. 
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Fig 4.71: Load 6 Measurement Point 
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Fig 4.72: Voltage RMS at Load 6 Fig 4.73: Voltage THD at Load 6 

 

  

Fig 4.74: Current RMS at Load 6 

 

Fig 4.75: Current THD at Load 6 

Figure 4.71 highlights Load 6, which the node under study. Figures 4.72 through 

figures 4.75 illustrate the output of the PSCAD results for the load side of Line16, which 

is the first branch of the CERTS microgrid testbed system. Between Load 6 and the Grid 

there is a transmission line, which results in transmission losses. It is essential to study the 

measurements at Load 6 to verify that the load demand is being satisfied. It is evident 

through analysis of the figures that the system stabilizes at 0.1 seconds and the total 

duration of the run is 1.0 second. It is clear that the RMS voltage is 272.8V and the THD 

of the voltage is 0.0083%. The measurements indicate that the RMS current is 
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approximately 109.9A and the THD is approximately 0.0647%. The THD for both the 

voltage and current is very low and at an ideally acceptable level
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Fig 4.76: Load 5 Measurement Point 

  

Fig 4.77: Voltage RMS at Load 5 Fig 4.78: Voltage THD at Load 5 
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Fig 4.79. Current RMS at Load 5 Fig 4.80. Current THD at Load 5 

Figure 4.76 highlights Load 5, which is connected at the node under study. Figures 

4.37 through figures 4.80 illustrate the output of the PSCAD results for the load side of 

Line25 which is the second branch of the CERTS microgrid testbed system. Between Load 

5 and the Grid there is a transmission line which results in transmission losses, along with 

the point of coupling of PV2 It is essential to study the measurements at Load 5 to verify 

that the load demand is being satisfied. The addition of a DG has an impact on the output 

parameters, and it is essential to study the impact of the amalgamation. It is evident through 

analysis of the figures that the system stabilizes at 0.1 seconds and the total duration of the 

run is 1.0 second. It is clear that the RMS voltage is 270V and the THD of the voltage is 

0.0094%. The measurements indicate that the RMS current is approximately 182.4A and 

the THD is approximately 0.0489%. The THD for both the voltage and current is very low 

and at an ideally acceptable level. 
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Fig 4.81. Load 4 Measurement Point 

  

Fig 4.82. Voltage RMS at Load 4 Fig 4.83. Voltage THD at Load 4 
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Fig 4.84. Current RMS at Load 4 Fig 4.85. Current THD at Load 4 

Figure 4.81 highlights Load 4, which is connected at the node under study. Figures 

4.82 through figures 4.85 illustrate the output of the PSCAD results for the load side of 

Line44 which is the third branch of the CERTS microgrid testbed system. Between Load 

4 and the Grid there are three sets of transmission lines which result in transmission losses, 

along with the point of coupling of PV1 and BES. It is essential to study the measurements 

at Load 4 to verify that the load demand is being satisfied. The addition of two DGs has an 

impact on the output parameters and it is essential to study the impact of the amalgamation. 

Load 4 is the furthest from the source and as such encounters the most variation and the 

highest offset. It is evident through analysis of the figures that the system stabilizes at 0.1 

seconds and the total duration of the run is 1.0 second. It is clear that the RMS voltage is 

264.3V and the THD of the voltage is 0.0449%. The measurements indicate that the RMS 

current is approximately 179.9A and the THD is approximately 0.0415%. The THD for 
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both the voltage and current is very low and at an ideally acceptable level.
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Fig 4.86. Load 3 Measurement Point 

  

Fig 4.87. Voltage RMS at Load 3 Fig 4.88 Voltage THD at Load 3 
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Fig 4.89. Current RMS at Load 3 Fig 4.90. Current THD at Load 3 

Figure 4.86 highlights Load 3, which is connected at the node under study. Figures 

4.87 through figures 4.90 illustrate the output of the PSCAD results for the load side of 

Line34, which is the third branch of the CERTS microgrid testbed system. Between Load 

3 and the Grid there is one transmission line, which result in transmission losses, along 

with the point of coupling of BES. It is essential to study the measurements at Load 3 to 

verify that the load demand is being satisfied. The addition of two DGs has an impact on 

the output parameters and it is essential to study the impact of the amalgamation. Load 4 

is the furthest from the source and as such encounters the most variation and the highest 

offset. It is evident through analysis of the figures that the system stabilizes at 0.1 seconds 

and the total duration of the run is 1.0 second. It is clear that the RMS voltage is 270.8V 

and the THD of the voltage is 0.0297%. The measurements indicate that the RMS current 

is approximately 184.4A and the THD is approximately 0.0276%. The THD for both the 

voltage and current is very low and at an ideally acceptable level. 
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Table 4.5: Mean, MAD and Variance of Load 6 

 

Table 4.6: Mean, MAD and Variance of Load 5 

 

Table 4.7: Mean, MAD and Variance of Load 4 

 

Table 4.8: Mean, MAD and Variance of Load 3 

 

4.3.3 PSCAD and Simulink in Grid Connected Mode Comparative Study 

 In order to analyze and compare the performance of both PSCAD and Matlab-

Simscape, simulating the CERTS microgrid testbed system in the grid connected mode of 

operation is necessary. In sections 4.3.1 and 4.3.2 the results of the simulation in individual 

software was illustrated. In this chapter, the results are compared and explored side by side 

Run1 Run2 Run3 Run4 Run5 Avg of Means MAD Variance

VRMS 270.748 270.748 270.748 270.748 270.748 270.7478 0 0

VTHD 0.0084 0.0084 0.0084 0.0084 0.0084 0.0084 0 0

IRMS 109.687 109.687 109.687 109.687 109.687 109.6874 0 0

ITHD 0.0598 0.0598 0.0598 0.0598 0.0598 0.0598 0 0

Load 6 Simulink

Run1 Run2 Run3 Run4 Run5 Avg of Means MAD Variance

VRMS 267.967 267.967 267.967 267.967 267.967 267.9667 0 0

VTHD 0.0106 0.0106 0.0106 0.0106 0.0106 0.0106 0 0

IRMS 181.513 181.513 181.513 181.513 181.513 181.5125 0 0

ITHD 0.0504 0.0504 0.0504 0.0504 0.0504 0.0504 0 0

Load 5 Simulink

Run1 Run2 Run3 Run4 Run5 Avg of Means MAD Variance

VRMS 168.163 168.163 168.163 168.163 168.163 168.1628 0

VTHD 0.0448 0.0448 0.0448 0.0448 0.0448 0.0448 0 0

IRMS 178.958 178.958 178.958 178.958 178.958 178.9575 0 0

ITHD 0.0428 0.0428 0.0428 0.0428 0.0428 0.0428 0 0

Load 4 Simulink

Run1 Run2 Run3 Run4 Run5 Avg of Means MAD Variance

VRMS 268.52 268.52 268.52 268.52 268.52 268.5199 0 0

VTHD 0.0298 0.0298 0.0298 0.0298 0.0298 0.0298 0 0

IRMS 183.694 183.694 183.694 183.694 183.694 183.6944 0 0

ITHD 0.0284 0.0284 0.0284 0.0284 0.0284 0.0284 0 0

Load 3 Simulink
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in order to determine whether the output of each of the systems is similar and within the 

acceptable margin of error. In order to do so there needs to be a comparison made at the 

voltage and current readings at each of the four loads. The root mean square (RMS) and 

total harmonic distortion (THD) are calculated and demonstrated at each of the loads. This 

is done in order to demonstrate which of the software provide a more robust solution to the 

system. The CERTS microgrid testbed system was modelled identically in both PSCAD 

and Matlab-Simscape while following the same parameters for each of the components 

utilized. 

  

Fig 4.91A: PSCAD Voltage RMS Load 6 Fig 4.91B: Simulink Voltage RMS Load 6 

  

Fig 4.92A: PSCAD Voltage THD Load 6 Fig 4.92B: Simulink Voltage THD Load 6 

 



 

96 
 

  

Fig 4.93A: PSCAD Current RMS Load 6 Fig 4.93B: Simulink Current RMS Load 6 

  

Fig 4.94A: PSCAD Current THD Load 6 Fig 4.94B: Simulink Current THD Load 6 

 

By analyzing figures 4.88A through 4.91B, it is evident that the output voltage and 

output current measured at Load 6 are similar in both simulation environments. The 

difference in the voltage and current between the two simulating environments is 0% and 

0.0913% respectively. This further affirms that the system has been modelled uniformly 

and consistently in both PSAD and Matlab-Simscape. Furthermore, the total harmonic 

distortion measure of both current and voltage were well below 1% and the acceptable 

margin of error, thus indicating that the system is stable. 
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Fig 4.95A: PSCAD Voltage RMS Load 5 Fig 4.95B: Simulink Voltage RMS Load 5 

  

Fig 4.96A: PSCAD Voltage THD Load 5 Fig 4.96B: Simulink Voltage THD Load 5 

 

  

Fig 4.97A: PSCAD Current RMS Load 5 Fig 4.97B: Simulink Current RMS Load 5 
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Fig 4.98A: PSCAD Current THD Load 5 Fig 4.98B: Simulink Current THD Load 5 

By analyzing figures 4.92A through 4.95B, it is evident that the output voltage and 

output current measured at Load 5 are similar in both simulation environments. The 

difference in the voltage and current between the two simulating environments is 0.0370% 

and 0.1642% respectively. This further affirms that the system has been modelled 

uniformly and consistently in both PSAD and Matlab-Simscape. The total harmonic 

distortion measure of both current and voltage were well below 1% and the acceptable 

margin of error, thus indicating that the system is stable. 

 

  

Fig 4.99A: PSCAD Voltage RMS Load 4 Fig 4.99B: Simulink Voltage RMS Load 4 
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Fig 4.100A: PSCAD Voltage THD Load 4 Fig 4.100B: Simulink Voltage THD Load 4 

 

  

Fig 4.101A: PSCAD Current RMS Load 4 Fig 4.101B: Simulink Current RMS Load 4 

 
 

Fig 4.102A: PSCAD Current THD Load 4 Fig 4.102A: Simulink Current THD Load 4 
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By analyzing figures 4.96A through 4.99B, it is evident that the output voltage and 

output current measured at Load 4 are similar in both simulation environments. The 

difference in the voltage and current between the two simulating environments is 0.0756% 

and 0% respectively. This further affirms that the system has been modelled uniformly and 

consistently in both PSAD and Matlab-Simscape. In addition, the total harmonic distortion 

measure of both current and voltage were well below 1% and the acceptable margin of 

error, thus indicating that the system is stable. 

 

  

Fig 4.103A: PSCAD Voltage RMS Load 3 Fig 4.103B: Simulink Voltage RMS Load 3 

  

 
Fig 4.104A: PSCAD Voltage THD Load 3 Fig 4.104B: Simulink Voltage THD Load 3 
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Fig 4.105A: PSCAD Current RMS Load 3 Fig 4.105B: Simulink Current RMS Load 3 

  

Fig 4.106A: PSCAD Current THD Load 3 Fig 4.106B: Simulink Current THD Load 3 

By analyzing figures 4.103A through 4.106B, it is evident that the output voltage 

and output current measured at Load 5 are similar in both simulation environments. The 

difference in the voltage and current between the two simulating environments is 0.0369% 

and 0.1642% respectively. This further affirms that the system has been modelled 

uniformly and consistently in both PSAD and Matlab-Simscape. Moreover, the total 

harmonic distortion measure of both current and voltage were well below 1% and the 

acceptable margin of error, thus indicating that the system is stable. 
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4.4. Island Mode of Operation 

 The objective of this section is to analyze the grid in the islanded mode of operation. 

The island mode of operation is the operation of the grid in the absence of the energy 

provided by the grid, the power demands of the loads are to be satiated by the distributed 

generation units. In the islanded mode of operation only crucial loads are supplied power 

from the Distributed Generation sources. During the island mode of operation, the network 

consists of three loads, namely L3, L4 and L5. The three distributed energy sources are 

DER-Bat, DER-PV1 and DER-PV2. Similar to the grid connected mode of operation 

studies in section 4.3 the system is modelled in both PSCAD and Matlab-Simscape. It is 

essential to perform a comprehensive study and in order to do so analysis needs to be 

performed at numerous nodes of interest situated all over the system. This is done in order 

to compare the performance of PSCAD and Matlab-Simscape on a system modelled in a 

similar manner in both simulation environments. Section 4.4.1 illustrates the results of the 

PSCAD simulation in the island mode of operation, whereas 4.4.2 depicts the results of the 

Matlab-Simscape simulation in the island mode operation. Fig 4.88 below depicts the 

CERTS microgrid testbed system in the island mode of operation, notice the disconnection 

of the Grid, load 6 (L6), Transformer (T1) and Transmission Line (Line16). 
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Load 3 (L3)

Load 5 (L5)

Load 4 (L4)

DER-Bt.s

DER-PV2
DER-PV1

Transmission Line 25

Transmission Line 34

Transmission Line 33

Transmission Line 35

 

Fig 4.107: CERTS Microgrid Schematic Islanded Mode of Operation 

 

4.4.1 PSCAD Simulation Island Mode of Operation 

 In this section the results obtained from PSCAD are illustrated and discussed. The 

points of measurement utilized were discussed in section 4.4 and are illustrated here using 

the single line diagram of the CERTS microgrid testbed system. The data collected through 

ten iterations is represented graphically and numerically, as can be seen in this section. 

 First the DC side voltage and DC side current generated by the distributed 

generation units are discussed. Followed by the AC side voltage and AC side current of 

inverters utilized to couple the distributed generators to the grid. Finally, the voltage and 

current of each of load is illustrated. In order to conduct thorough work, it was necessary 

to investigate the Root Mean Square and Total Harmonic Distortion of all AC values being 

analyzed.  
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Load 3 (L3)

Load 5 (L5)

Load 4 (L4)

DER-Bt.s

DER-PV2
DER-PV1

Transmission Line 25

Transmission Line 34

Transmission Line 33

Transmission Line 35

 

Fig 4.108: DG1 DC Side Point of Measurement 

  

Fig 4.109: DC Link Voltage DG1 Fig 4.110: DC Link Current DG1 
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Load 3 (L3)

Load 5 (L5)

Load 4 (L4)

DER-Bt.s

DER-PV2
DER-PV1

Transmission Line 25

Transmission Line 34

Transmission Line 33

Transmission Line 35

 

Fig 4.111: DG AC Side Point of Measurement 

 

  

Fig 112: Voltage RMS at Point of Coupling Fig 113: Voltage THD at Point of Coupling 
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Fig 114: Current RMS at Point of Coupling Fig 4.115: Current THD at Point of Coupling 

Figure 4.108 highlights the DC side of the inverter, which is the point under study. 

Figures 4.109 and Figure 4.110 illustrate the output of the PSCAD results for the DC side 

of the inverter integrated with the second distributed generation unit (PV1) which is a 

photovoltaic source namely DER-PV1. Figure 4.111 highlights the AC side of the inverter 

which is the point under study, whereas Figures 4.112 through 4.115 indicate the output of 

the PSCAD results on the AC side of the inverter for the second distributed generation unit 

(PV1). It is evident through analysis of the figures generated that the system reaches a 

stable point of operation free of any transients in the neighborhood of 0.1 seconds and the 

total duration of the run is 1.0 second. It is clear that on the DC side of the inverter PV2 

generates approximately 1,292V and 160A. The RMS voltage measured at the secondary 

side of the inverter at which point PV2 is incorporated into PV1 is approximately 284.3V, 

along with a Total Harmonic Distortion value of 0.0889%. Whereas the RMS current 

measured at the same point is approximately 238.4A, accompanied by a Total Harmonic 

Distortion value of approximately 0.03101%. The THD for both the voltage and current 

was very low and at an ideally acceptable level. 
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Load 3 (L3)

Load 5 (L5)

Load 4 (L4)

DER-Bt.s

DER-PV2
DER-PV1

Transmission Line 25

Transmission Line 34

Transmission Line 33

Transmission Line 35

 

Fig 4.116: DG2 DC Side Point of Measurement 

  

Fig 4.117: DC Link Voltage DG2 Fig 4.118: DC Link Current DG2 
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Load 3 (L3)

Load 5 (L5)

Load 4 (L4)

DER-Bt.s

DER-PV2
DER-PV1

Transmission Line 25

Transmission Line 34

Transmission Line 33

Transmission Line 35

 

Fig 4.119: DG2 AC Side Point of Measurement 

 

  

Fig 4.120: Voltage RMS at Point of Coupling 

 

Fig 4.121: Voltage THD at Point of Coupling 
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Fig 4.122: Current RMS at Point of Coupling Fig 4.123: Current THD at Point of Coupling 

Figure 4.116 highlights the DC side of the inverter which is the point under study. 

Figures 4.117 and Figure 4.118 illustrate the output of the PSCAD results for the DC side 

of the inverter integrated with the first distributed generation unit (PV2) which is a 

photovoltaic source namely DER-PV2. Figure 4.119 highlights the AC side of the inverter 

which is the point under study. Whereas Figures 4.120 through 4.123 indicate the output 

of the PSCAD results on the AC side of the inverter for the first distributed generation unit 

(PV1). It is evident through analysis of the figures generated that the system reaches a 

stable point of operation free of any transients in the neighborhood of 0.1 seconds and the 

total duration of the run is 1.0 second. It is clear that on the DC side of the inverter PV2 

generates approximately 1297V and 164.8A. The RMS voltage measured at the secondary 

side of the inverter at which point PV2 is incorporated into PV2 is approximately 294V, 

along with a Total Harmonic Distortion value of 0.09188%. Whereas the RMS current 

measured at the same point is approximately 222A, accompanied by a Total Harmonic 

Distortion value of approximately 0.085320%. The THD for both the voltage and current 

was very low and at an ideally acceptable level. 



 

110 
 

 

Load 3 (L3)

Load 5 (L5)

Load 4 (L4)

DER-Bt.s

DER-PV2
DER-PV1

Transmission Line 25

Transmission Line 34

Transmission Line 33

Transmission Line 35

 

Fig 4.124: DG3 DC Side Point of Measurement 

  

Fig 4.125: DC Link Voltage DG3 

 

Fig 4.126: DC Link Current DG3 
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Load 3 (L3)

Load 5 (L5)

Load 4 (L4)

DER-Bt.s
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Fig 4.127: DG3 AC Side Point of Measurement 

  

  
Fig 4.128: Voltage RMS at Point of Coupling Fig 4.129: Voltage THD at Point of Coupling 
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Fig 4.130: Current RMS at Point of Coupling Fig 4.131: Current THD at Point of Coupling

  

 

Figure 4.124 highlights the DC side of the inverter which is the point under study. 

Figures 4.125 and Figure 4.126 illustrate the output of the PSCAD results for the DC side 

of the inverter integrated with the first distributed generation unit (Bt.S) which is a Battery 

Energy Storage source namely DER-Bt.S. Figure 4.126 highlights the AC side of the 

inverter which is the point under study, whereas Figures 4.128 through 4.131 indicate the 

output of the PSCAD results on the AC side of the inverter for the first distributed 

generation unit (Bt.S). It is evident through analysis of the figures generated that the system 

reaches a stable point of operation free of any transients in the neighborhood of 0.1 seconds 

and the total duration of the run is 1.0 second. It is clear that on the DC side of the inverter 

Bt.S generates approximately 1,297V and 140.2A. The RMS voltage measured at the 

secondary side of the inverter at which point PV1 is incorporated into Bt.S is approximately 

272V, along with a Total Harmonic Distortion value of 0.0012%. Whereas the RMS 

current measured at the same point is approximately 218.4A, accompanied by a Total 
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Harmonic Distortion value of approximately 0.0220%. The THD for both the voltage and 

current was very low and at an ideally acceptable level. 

Load 3 (L3)

Load 5 (L5)

Load 4 (L4)

DER-Bt.s

DER-PV2
DER-PV1

Transmission Line 25

Transmission Line 34

Transmission Line 33

Transmission Line 35

 

Fig 4.132: Load 5 Measurement Point 

  

Fig 4.133: Voltage RMS at Load 5 

 

Fig 4.134 Voltage THD at Load 5 
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Fig 4.135: Current RMS at Load Fig 4.136: Current THD at Load 

 

Figure 4.132 highlights Load 5, which the node under study. Figures 4.133 through 

figures 4.136 illustrate the output of the PSCAD results for the load side of Line25 which 

is the second branch of the CERTS microgrid testbed system. Between Load 5 and the Grid 

there is a transmission line, which results in transmission losses. It is essential to study the 

measurements at Load 5 to verify that the load demand is being satisfied. It is evident 

through analysis of the figures that the system stabilizes at 0.1 seconds and the total 

duration of the run is 1.0 second. The RMS voltage is 284.3V and the THD of the voltage 

is 0.0842%. The measurements indicate that the RMS current is approximately 192.8A and 

the THD is approximately 0.1171%. The THD for both the voltage and current is very low 

and at an ideally acceptable level. 
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Load 3 (L3)

Load 5 (L5)
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Fig 4.137: Load 4 Measurement Point 

  

Fig. 4.138: Voltage RMS at Load 4 Fig 4.139: Voltage THD at Load 4 
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Fig 4.140: Current RMS at Load 4 Fig 4.141: Current THD at Load 4 

 

Figure 4.137 highlights Load 4 which the node under study. Figures 4.138 through 

figures 4.141 illustrate the output of the PSCAD results for the load side of Line44 which 

is the third branch of the CERTS microgrid testbed system. Between Load 4 and the Grid 

there are three transmission lines and another load which results in transmission losses. It 

is essential to study the measurements at Load 4 to verify that the load demand is being 

satisfied. It is evident through analysis of the figures that the system stabilizes at 0.1 

seconds and the total duration of the run is 1.0 second. The RMS voltage is 278.3V and the 

THD of the voltage is 0.0858%. The measurements indicate that the RMS current is 

approximately 189.2A and the THD is approximately 0.0085%. The THD for both the 

voltage and current is very low and at an ideally acceptable level. 
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Load 3 (L3)

Load 5 (L5)

Load 4 (L4)

DER-Bt.s
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Fig 4.142. Load 3 Measurement Point 

  

Fig 4.143: Voltage RMS at Load 3 Fig 4.144: Voltage THD at Load3 
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Fig 4.145: Current RMS at Load 3 Fig 4.146: Current THD at Load 3 

 

Figure 4.142 highlights Load 3 which the node under study. Figures 4.143 through 

figures 4.146 illustrate the output of the PSCAD results for the load side of Line23 which 

is the third branch of the CERTS microgrid testbed system. Between Load 3 and the Grid 

there is a transmission line which results in transmission losses. It is essential to study the 

measurements at Load 3 to verify that the load demand is being satisfied. It is evident 

through analysis of the figures that the system stabilizes at 0.1 seconds and the total 

duration of the run is 1.0 second. The RMS voltage is 286.9V and the THD of the voltage 

is 0.0838%. The measurements indicate that the RMS current is approximately 192.9A and 

the THD is approximately 0.0871%. The THD for both the voltage and current is very low 

and at an ideally acceptable level. 

Table 4.9: Mean, MAD and Variance of Load 5 

 

 

Run1 Run2 Run3 Run4 Run5 Avg of Means MAD Variance

VRMS 282.555 282.555 282.555 282.555 282.555 282.5547 0 0

VTHD 0.1018 0.1018 0.1018 0.1018 0.1018 0.1018 0 0

IRMS 191.663 191.663 191.663 191.663 191.663 191.6627 0 0

ITHD 0.1342 0.1342 0.1342 0.1342 0.1342 0.1342 0 0

Load 5 PSCAD
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Table 4.10: Mean, MAD and Variance of Load 4 

 

Table 4.11: Mean, MAD and Variance of Load 3 

 

 

4.4.2 Matlab-Simscape Simulation Island Mode of Operation 

 In this section the results obtained from Matlab-Simscape are illustrated and 

discussed. The points of measurement utilized were discussed in section 4.2 and are 

illustrated here using the single line diagram of the CERTS microgrid testbed system. The 

data collected through ten iterations is represented graphically and numerically, as can be 

seen in this section. 

 First the DC side voltage and DC side current generated by the distributed 

generation units are discussed. Followed by the AC side voltage and AC side current of 

inverters utilized to couple the distributed generators to the grid. Finally, the voltage and 

current of each of load is illustrated. In order to conduct thorough work, it was necessary 

to investigate the Root Mean Square and Total Harmonic Distortion of all AC values being 

analyzed.  

Run1 Run2 Run3 Run4 Run5 Avg of Means MAD Variance

VRMS 276.104 276.104 276.104 276.104 276.104 276.1037 0 0

VTHD 0.1024 0.1024 0.1024 0.1024 0.1024 0.1024 0 0

IRMS 192.666 192.666 192.666 192.666 192.666 192.666 0 0

ITHD 0.9778 0.9778 0.9778 0.9778 0.9778 0.9778 0 0

Load 4 PSCAD

Run1 Run2 Run3 Run4 Run5 Avg of Means MAD Variance

VRMS 199.56 199.56 199.56 199.56 199.56 199.5597 0 0

VTHD 0.1012 0.1012 0.1012 0.1012 0.1012 0.1012 0 0

IRMS 283.066 283.066 283.066 283.066 283.066 283.0656 0 0

0.09662 0.09662 0.09662 0.09662 0.09662 0.09662 0 0

Load 3 PSCAD
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Load 3 (L3)

Load 5 (L5)

Load 4 (L4)

DER-Bt.s
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Fig 4.147: DG1 DC Side Point of Measurement 

 

 
 

Fig 4.148: DC Link Voltage DG1 Fig 4.149: DC Link Current DG1 
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Fig 4.150: DG1 AC Side Point of Measurement 

 

  

Fig 4.151: Voltage RMS at Point of Coupling Fig 4.152: Voltage THD at Point of Coupling 
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Fig 4.153: Current RMS at Point of Coupling 

 

Fig 4.154: Current THD at Point of Coupling 

Figure 4.147 highlights the DC side of the inverter which is the point under study. 

Figures 4.148 and Figure 4.149 illustrate the output of the PSCAD results for the DC side 

of the inverter integrated with the second distributed generation unit (PV1), which is a 

photovoltaic source namely PV1. Figure 4.150 highlights the AC side of the inverter which 

is the point under study. Whereas Figures 4.151 through 4.154 indicate the output of the 

PSCAD results on the AC side of the inverter for the second distributed generation unit 

(PV1). It is evident through analysis of the figures generated that the system reaches a 

stable point of operation free of any transients in the neighborhood of 0.1 seconds and the 

total duration of the run is 1.0 second. It is clear that on the DC side of the inverter PV1 

generates approximately 1,300V and 138A. The RMS voltage measured at the secondary 

side of the inverter at which point PV1 is incorporated into PV1 is approximately 284.5V, 

along with a Total Harmonic Distortion value of 0.0103%. Whereas the RMS current 

measured at the same point is approximately 208.4A, accompanied by a Total Harmonic 

Distortion value of approximately 0.0362%. The THD for both the voltage and current was 

very low and at an ideally acceptable level. 
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Fig 4.155: DG2 DC Side Point of Measurement 

 

  

Fig 4.156: DC Link Voltage DG2 

 

Fig 4.157: DC Link Current DG2 
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Fig 4.158: DG2 AC Side Point of Measurement 

  

Fig 4.159: Voltage RMS at Point of Coupling Fig 4.160: Voltage THD at Point of Coupling 
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Fig 4.161: Current RMS at Point of Coupling Fig 4.162: Current THD at Point of Coupling 

 

Figure 4.155 highlights the DC side of the inverter, which is the point under study. 

Figures 4.156 and Figure 4.157 illustrate the output of the PSCAD results for the DC side 

of the inverter integrated with the first distributed generation unit (PV2) which is a 

photovoltaic source namely PV2. Figure 4.158 highlights the AC side of the inverter which 

is the point under study. Whereas Figures 4.159 through 4.162 indicate the output of the 

PSCAD results on the AC side of the inverter for the first distributed generation unit (PV1). 

It is evident through analysis of the figures generated that the system reaches a stable point 

of operation free of any transients in the neighborhood of 0.1 seconds and the total duration 

of the run is 1.0 second. It is clear that on the DC side of the inverter PV2 generates 

approximately 1296 and 138.2A. The RMS voltage measured at the secondary side of the 

inverter at which point PV2 is incorporated into PV2 is approximately 291.7V, along with 

a Total Harmonic Distortion value of 0.0123%, whereas the RMS current measured at the 

same point is approximately 204.7A, accompanied by a Total Harmonic Distortion value 

of approximately 0.0359%. The THD for both the voltage and current was very low and at 

an ideally acceptable level. 
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Fig 4.163: DG3 DC Side Point of Measurement 

  

Fig 4.164: DC Link Voltage DG3 Fig 4.165: DC Link Current DG3 

 



 

127 
 

Load 3 (L3)

Load 5 (L5)

Load 4 (L4)

DER-Bt.s

DER-PV2
DER-PV1

Transmission Line 25

Transmission Line 34

Transmission Line 33

Transmission Line 35

 

Fig 4.166: DG3 AC Side Point of Measurement 

 

  

  
Fig 4.167: Voltage RMS at Point of Coupling Fig 4.168: Voltage THD at Point of Coupling 
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Fig 4.169: Current RMS at Point of Coupling Fig 4.170: Current THD at Point of Coupling 

Figure 4.163 highlights the DC side of the inverter which is the point under study. 

Figures 4.164 and Figure 4.165 illustrate the output of the PSCAD results for the DC side 

of the inverter integrated with the first distributed generation unit (Bt.S) which is a Battery 

Energy Storage source namely DER-Bt.S. Figure 4.166 highlights the AC side of the 

inverter which is the point under study. Whereas Figures 4.167 through 4.170 indicate the 

output of the PSCAD results on the AC side of the inverter for the first distributed 

generation unit (Bt.S). It is evident through analysis of the figures generated that the system 

reaches a stable point of operation free of any transients in the neighborhood of 0.1 seconds 

and the total duration of the run is 1.0 second. It is clear that on the DC side of the inverter 

Bt.S generates approximately 1451V and 99.84A. The RMS voltage measured at the 

secondary side of the inverter at which point PV1 is incorporated into Bt.S is approximately 

292.7V, along with a Total Harmonic Distortion value of 0.0083%. Whereas the RMS 

current measured at the same point is approximately 155.5A, accompanied by a Total 

Harmonic Distortion value of approximately 0.0596%. The THD for both the voltage and 

current was very low and at an ideally acceptable level. 
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Fig 4.171: Load 5 Measurement Point 

  

Fig 4.172: Voltage RMS at Load 5 Fig 4.173: Voltage THD at Load 5 

 



 

130 
 

  

Fig 4.174: Current RMS at Load 5 Fig 4.175: Current THD at Load 5 

 

Figure 4.171 highlights Load 5 which the node under study. Figures 4.172 through 

figures 4.175 illustrate the output of the PSCAD results for the load side of Line25 which 

is the second branch of the CERTS microgrid testbed system. Between Load 5 and the Grid 

there is a transmission line which results in transmission losses. It is essential to study the 

measurements at Load 5 to verify that the load demand is being satisfied. It is evident 

through analysis of the figures that the system stabilizes at 0.1 seconds and the total 

duration of the run is 1.0 second. The RMS voltage is 284.5V and the THD of the voltage 

is 0.0100%. The measurements indicate that the RMS current is approximately 191.9A and 

the THD is approximately 0.0307%. The THD for both the voltage and current is very low 

and at an ideally acceptable level. 
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Fig 4.176: Load 4 Measurement Point 

  

Fig 4.177: Voltage RMS at Load 4 Fig 4.178: Voltage THD at Load 4 
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Fig 4.179: Current RMS at Load 4 

 

Fig 4.180: Current THD at Load 4 

 

Figure 4.176 highlights Load 4 which the node under study. Figures 4.177 through 

figures 4.180 illustrate the output of the PSCAD results for the load side of Line44 which 

is the third branch of the CERTS microgrid testbed system. Between Load 4 and the Grid 

there are three transmission lines and another load which results in transmission losses. It 

is essential to study the measurements at Load 4 to verify that the load demand is being 

satisfied. It is evident through analysis of the figures that the system stabilizes at 0.1 

seconds and the total duration of the run is 1.0 second. The RMS voltage is 277.3V and the 

THD of the voltage is 0.0124%. The measurements indicate that the RMS current is 

approximately 188.4A and the THD is approximately 0.0116%. The THD for both the 

voltage and current is very low and at an ideally acceptable level. 

  

 



 

133 
 

Load 3 (L3)

Load 5 (L5)

Load 4 (L4)

DER-Bt.s

DER-PV2
DER-PV1

Transmission Line 25

Transmission Line 34

Transmission Line 33

Transmission Line 35

 

Fig 4.181: Load 3 Measurement Point 

  

Fig 4.182: Voltage RMS at Load 3 

 

Fig 4.183: Voltage THD at Load 3 
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Fig 4.184: Current RMS at Load 3 

 

Fig 4.185: Current THD at Load 3 

 

Figure 4.181 highlights Load 3 which the node under study. Figures 4.182 through 

figures 4.185 illustrate the output of the PSCAD results for the load side of Line23 which 

is the third branch of the CERTS microgrid testbed system. Between Load 3 and the Grid 

there is a transmission line which results in transmission losses. It is essential to study the 

measurements at Load 3 to verify that the load demand is being satisfied. It is evident 

through analysis of the figures that the system stabilizes at 0.1 seconds and the total 

duration of the run is 1.0 second. The RMS voltage is 284V and the THD of the voltage is 

0.0115%. The measurements indicate that the RMS current is approximately 192A and the 

THD is approximately 0.0360%. The THD for both the voltage and current is very low and 

at an ideally acceptable level. 

Table 4.12: Mean, MAD and Variance of Load 5 

 

 

Run1 Run2 Run3 Run4 Run5 Avg of Means MAD Variance

VRMS 282.22 282.22 282.225 282.22 282.22 282.22094 0.001504 4.418E-06

VTHD 0.0174 0.0174 0.0174 0.0174 0.0174 0.0174 0 0

IRMS 190.98 190.98 190.98 190.98 190.98 190.98 0 0

ITHD 0.0397 0.0397 0.0397 0.0397 0.0397 0.0397 0 0

Load 5 Simulink
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Table 4.13: Mean, MAD and Variance of Load 4 

 

Table 4.14: Mean, MAD and Variance of Load 3 

 

4.4.3 PSCAD and Simulink in Island Mode Comparative Study 

 In order to analyze and compare the performance of both PSCAD and Matlab-

Simscape simulating the CERTS microgrid testbed system in the grid connected mode of 

operation. In sections 4.3.1 and 4.3.2 the results of the simulation in individual software 

was illustrated. In this chapter the results are compared and explored side by side in order 

to determine which of the two software performs better. In order to do so there needs to be 

a comparison made at the voltage and current readings at each of the four loads. The root 

mean square (RMS) and total harmonic distortion (THD) are calculated and demonstrated 

at each of the loads. This is done in order to demonstrate which of the software provide a 

more robust solution to the system. The CERTS microgrid testbed System was modelled 

identically in both PSCAD and Matlab-Simscape while following the same parameters for 

each of the components utilized. 

Run1 Run2 Run3 Run4 Run5 Avg of Means MAD Variance

VRMS 274.771 274.771 274.771 274.771 274.771 274.7711 0 0

VTHD 0.0176 0.0176 0.0176 0.0176 0.0176 0.0176 0 0

IRMS 188.008 188.008 188.008 188.008 188.008 188.0084 0 0

ITHD 0.0169 0.0169 0.0169 0.0169 0.0169 0.0169 0 0

Load 4 Simulink

Run1 Run2 Run3 Run4 Run5 Avg of Means MAD Variance

VRMS 284.829 284.829 284.829 284.829 284.829 284.8294 0 0

VTHD 0.0169 0.0169 0.0169 0.0169 0.0169 0.0169 0 0

IRMS 198.017 198.017 198.017 198.017 198.017 198.017 0 0

ITHD 0.0473 0.0473 0.0473 0.0473 0.0473 0.0473 0 0

Load 3 Simulink
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Fig 4.186A: PSCAD Voltage RMS Load 5 Fig 4.186B: Simulink Voltage RMS Load 5 

  

Fig 4.187A: PSCAD Voltage THD Load 5 Fig 4.187B: Simulink Voltage THD Load 5 

 

 

 

Fig 4.188A: PSCAD Current RMS Load 5 Fig 4.188B: Simulink Current RMS Load 5 
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Fig 4.189A: PSCAD Current THD Load 5 Fig 4.189B: Simulink Current THD Load 5 

By analyzing figures 4.186A through 4.189B, it is evident that the output voltage 

and output current measured at Load 5 are similar in both simulation environments. The 

difference in the voltage and current between the two simulating environments is 0.0703% 

and 0.1563% respectively. This further affirms that the system has been modelled 

uniformly and consistently in both PSAD and Matlab-Simscape. Furthermore, the total 

harmonic distortion measure of both current and voltage were well below 1% and the 

acceptable margin of error, thus indicating that the system is stable. 

 

 
 

Fig 4.190A: PSCAD Voltage RMS Load 4 Fig 4.190B: Simulink Voltage RMS Load 4 
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Fig 4.191A: PSCAD Voltage THD Lo 4 Fig 4.191B: Simulink Voltage THD Lo 4 

 

 
 

Fig 4.192A: PSCAD Current RMS Load 4 Fig 4.192B: Simulink Current RMS Load 4 

 
 

Fig 4.193A: PSCAD Current THD Load 4 Fig 4.193A: Simulink Current THD Load 4 
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By analyzing figures 4.190A through 4.193B, it is evident that the output voltage 

and output current measured at Load 4 are similar in both simulation environments. The 

difference in the voltage and current between the two simulating environments is 0.0721% 

and 0.0531% respectively. This further affirms that the system has been modelled 

uniformly and consistently in both PSAD and Matlab-Simscape. Furthermore, the total 

harmonic distortion measure of both current and voltage were well below 1% and the 

acceptable margin of error, thus indicating that the system is stable. 

 

 

 

Fig 4.194A: PSCAD Voltage RMS Load 3 Fig 4.194B: Simulink Voltage RMS Load 3 

  

Fig 4.195A: PSCAD Voltage THD Load 3 Fig 4.195B: Simulink Voltage THD Load 3 
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Fig 4.196A: PSCAD Current RMS Load 3 Fig 4.196B: Simulink Current THD Load 3 

  

Fig 4.197A: PSCAD Current THD Load 3 Fig 4.197B: Simulink Current THD Load 3 

 

By analyzing figures 4.194A through 4.197B, it is evident that the output voltage 

and output current measured at Load 3 are similar in both simulation environments. The 

difference in the voltage and current between the two simulating environments is 0.2465% 

and 0.7752% respectively. This further affirms that the system has been modelled 

uniformly and consistently in both PSAD and Matlab-Simscape. Additionally, the total 

harmonic distortion measure of both current and voltage were well below 1% and the 

acceptable margin of error, thereby indicating that the system is stable. 
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5. Conclusion and Recommendations 

5.1. Conclusion 

This research identifies effective modelling and simulation methodologies 

necessary to uniformly represent the CERTS microgrid testbed system in two different 

simulation platforms. The issue of inconsistency in the output quantities (voltage and 

current) of the modelled system is highlighted and addressed. The framework necessary to 

measure and adjust the performance in both simulation platforms in a quantitative and 

qualitative manner was introduced. Moreover, the methodology necessary to model the 

various components of the CERTS microgrid testbed system in a uniform and 

interchangeable manner was proposed. Hence, all components are modelled systematically 

in both the simulation platforms, while overcoming the difference in the input parameters 

required for each component. Along with the differences in the input parameters, the unit 

associated with the quantity being utilized was unified. The equivalent modelling of the 

components was made possible by employing an equivalent model approach for the 

transmission lines and the loads.  

The detailed investigation provided shows that, it is important to utilize constant 

impedance model which are implemented by linear components, in order to ensure that 

both the platforms remain within the linear mode of operation throughout the entire 

simulation. That is, PSCAD operates in the linear mode of operation but changes over to 

non-linear characteristic within ±20% of the rated RMS voltage, minimum of 10, frequency 

index of reactive power and frequency index of active power. The switching between linear 

and non-linear characteristics has an impact on the output parameters under study.  

Whereas Matlab-Simscape ensures that the execution of the model is kept in the linear 
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mode of operation (with the proper solver selected). This is done by relaying on the steady 

state design parameters such as rated active power, rated reactive power and rated RMS 

voltage (L-G RMS). In other words, values of the reactances are deduced from the reactive 

power equations of each load. While the resistances are deduced from the active power 

equations. Finally, the properties of each components in each software have been 

highlighted in detail to facilitate the transition between each platform. 

The CERTS microgrid was studied in both the grid connected mode of operation 

and the island mode of operation. The points of measurement were chosen to be the loads 

associated with the microgrid and the PCC of each of the distributed generation units. In 

order to verify the performance of both simulating environments, voltage, current, and their 

THD at the important nodes within the microgrid and the connected power system have 

been monitored and logged. Furthermore, the means, variance and MAD have been 

calculated in order to evaluate the robustness of the solutions provided by each of the 

simulation platforms and to demonstrate their reliability and consistency.  

The detailed comparison of the performance of the two simulation platforms shows 

that both environments (PSCAD and Matlab-Simscape) produced similar results within the 

acceptable margin of error in both island mode of operation and grid connected mode of 

operation. The data presented in Chapter 4 concludes that the voltage and current at each 

of the points of measurement were within the acceptable margin of error. The RMS 

voltages and currents were within 1% margin of error, and the THD for the measured 

voltages and currents were also within 1% margin of error. Furthermore, the analysis of 

the test data shows that the variances calculated for the various runs is very low and are 

accompanied by a very low MAD. Based on the illustrated data (shown in the tables for 
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five runs), it was evident that the system was providing a robust solution in both modes of 

operation. 

It was evident from the data that the results produced by both simulation platforms 

(PSCAD and Matlab-Simscape) maintained a percentage error below 1%, which verifies 

that the system was modelled uniformly in both PSAD and Matlab-Simscape. Furthermore, 

the obtained results show the impact of the microgrid on the connected power system at 

the PCC as there are harmonics injected into the grid (i.e. a by-product of the utilization of 

switching devices used to tie the DGs into the grid network). This was verified by analyzing 

the RMS and THD values associated with each of the selected points of measurement. 

Moreover, the analysis of the test data shows that the THD measured at all points of 

measurement was below the 1% mark, which complies with IEEE standards for grid 

connected DG. 

5.2. Recommendations 

 Based on the work established in this thesis, a few recommendations can be 

formulated. The first, would be to further broaden the scope of the CERTS microgrid 

testbed system by modelling distributed generation sources other than the ones studied in 

this thesis, such as inertial generators, fly wheels, wind turbine and thermal generation. The 

second, would be to implement different types of loads in the microgrid such as the constant 

power load and the effect such loads would have on the stability of the microgrid system. 

 In order to model such different types of loads and distributed generators, the 

foundational knowledge of each of these components are essential. It is of importance to 

compare the existing models of these components in PSCAD and Matlab-Simscape to 

determine what could be causing the offsets. More importantly, the control schemes 
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associated with the distributed generation will have to be altered and tailored for the 

distributed generation type employed. As for the constant power loads, detailed attention 

would have to be carried out in order to ensure that the loads are being modelled uniformly 

and equally in both PSCAD and Matlab-Simscape. They form crucial part of the microgrid 

as they represent critical loads such as; hospital equipment, airport equipment or other such 

equipment which must supplied with uninterrupted power. 

 Furthermore, one more recommendation is worth mentioning. Although the step 

size for the steady state analysis conducted in this study was determined based on the 

Nyquist Criteria. It would, however, be of high importance in the case of the transient 

response of the system in both simulation platforms. This is why a greater emphasis should 

be utilized when selecting the time step for a transient study as the transients can have large 

frequency deviations.  

5.3. Future Work 

To build on the study performed in this work, a few extra topics can be explored. 

A transient study can be performed in order to investigate the impact that different faults 

may have on the microgrid. Also, this study can be extended to investigate system 

dynamics under AC and / or DC faults. Hence, more adjustment in the components 

modelling in both PSCAD and Matlab-Simscape might be needed. Moreover, machine 

learning techniques can be invoked to explore the avenue of fault classification in a 

microgrid.  

A very interesting topic which can be explored is the detection of incipient faults, 

incipient faults are very small variations in the power supply that last for short duration of 

time but can become problematic and lead to full fledge faults. This prospect can be 
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explored by utilizing tools such as machine learning and wavelet analysis. As wavelets 

enable detailed studies of signals and can be used to detect the smallest of variations in any 

signal and can help with feature extraction to be used by various machine learning 

techniques. Along with the incorporation of optimization techniques to help attain better 

features, to be used in the machine learning algorithms. Finally, more test beds would be 

included to the study to verify and adjust the models used in other applications such as high 

voltage DC transmission lines.   

Furthermore, this work can be further expanded through the incorporation of 

different types of distributed generation. This work emphasized the usage of photovoltaic 

arrays and battery energy storage in the form of a battery. Other distributed generation 

types such as wind turbines, inertial generators like diesel generators and petrol generators 

can be included in this study. The key aspect to be studied would be the characteristics of 

the various DGs and how these characteristics can be modelled uniformly in both PSCAD 

and Matlab-Simscape.  
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Appendix A 

Summary of Comparison Between PSCAD and Matlab-Simscape 

Comparison Factor PSCAD Matlab-Simscape 

Step Size Fixed Fixed & Dynamic 

Computation Parallel Sequential 

Computation Time Low High 

Solver Type EMTDC Varying (ODE Family, Runge 

Kutta etc.) 

Load Modelling PQ Constant Z 

Ease of Use Moderate Complex 

Input Parameter Completely Adjustable Completely Adjustable 

Availability Expensive and industry 

only 

Academia, Industry 

System Size Large Scale Small Scale 

Inter-Platform 

Communication 

Capable of Data Export Capable of Data Export and 

Computation Within Same 

Software 

Library Power System Power System and Various Other 

Libraries 

Analysis Study Steady State and 

Transient 

Steady State and Transient 

Performance Faster Slower 
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Appendix B 

PSCAD Photovoltaic Array Input Parameters 

Photovoltaic Array Input Parameters 

Array Name 

Number of modules connected in series per array 

Number of module strings in parallel per array 

Number of cells connected in series per module 

Number of cell strings connected in parallel per module 

Reference irradiation 

Reference cell temperature 

 

Photovoltaic Cell Input Parameters 

Effective area per cell 

Series resistance per cell 

Shunt resistance per cell 

Diode ideality factor 

Band gap energy 

Saturation current at reference conditions per cell 

Short circuit current at reference conditions per cell 

Temperature coefficient of photo current 

 

Matlab-Simscape Photovoltaic Array Input Parameters 

Photovoltaic Array Input Parameters 

Parallel strings 

Series-connected modules per string 

 

Module Data 

Maximum Power (cannot be changed dependent on input parameters) 

Open circuit voltage 

Voltage at maximum power point 

Temperature coefficient of open circuit voltage 

Cells per module 

Short-circuit current 

Current at maximum power point 

Temperature coefficient of short circuit current 

Irradiance 

Temperature 
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