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Introduction 

In recent times, the Nigerian government has taken 

the initiative to promote renewable power generation 

sources such as hydro and solar plants. This is part of 

efforts to meet the ever-increasing demand for 

electrical energy in the country. It is also an effort to 

mitigate greenhouse gas emissions, global warming 

and climate change phenomena associated with the 

production of electrical energy from fossil fuels 

(Energy Commission of Nigeria, 2005; Vendoti et 

al., 2024; Masum and Mamun, 2024). It is estimated 

that by 2025 the share of renewable energy 

generation will account for 10% of Nigeria’s total 

energy consumption (Nigeria Renewable Energy 

Master Plan, 2014). This plan coupled with the recent 

revelation by the Federal Government of Nigeria to 

increase power generation from a paltry 4000 to 

6000MW by the end of 2024, through the 

deployment of hydro and solar power plants will very 

likely see the emergence of grid-tied inverter 

solutions in the national grid. Renewable energy 

sources are intermittent and cannot be connected 

directly to the utility grid (Patel, Gupta and Babu, 

2019; Qureshi and Potdar, 2021; Vendoti et al., 

2024). Besides, dc power from sources such as solar 

panels need to be converted to ac power before it can 

be injected into the utility grid (Blaabjerg et al., 

2006; Fatima, Siddiqui and Sinha, 2024). Moreover, 

power system operators require that certain standards 

be met to ensure adequate connection of renewable 

energy sources such as photovoltaic panels and wind 

energy conversion systems to the utility grid 

(Blaabjerg, 2006; Evju, 2007). These standards 

include high power conversion efficiency, control of 

active and reactive power, low Total Harmonic 

Distortion (THD) of grid current, grid 

synchronization, excellent transient response and 

maximum power extraction among other 

requirements (Patel, Gupta and Babu, 2019). One 

way to achieve these standards is through the use of 

the grid-tied inverter and its control strategy 

(Blaabjerg et al., 2006; Marangalu et al., 2024; 

Kumar et al., 2024). The inverter converts variable or 

constant DC power to a controllable AC power at 

high efficiency and its control strategy is a key 

consideration to meeting the grid code requirements 

of power system operators and therefore ensuring 

proper integration between the renewable energy 

source and the grid (Masum and Mamun, 2024; 

Fatima, Siddiqui and Sinha, 2024). Some of the grid 

codes include IEEE 1547, IEEE 929, IEC 61727 and 

IEC61400. They are established by the Institute of 

Electrical and Electronics Engineers (IEEE) and the 

International Electrotechnical Commission (IEC) 

(Evju, 2007; MacDowell et al., 2019). The grid-tied 

inverter is designed to transfer controllable power 

(active or reactive) at the given voltage and to 

facilitate synchronization between its output and the 
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The grid-tied inverter is one way to interface renewable power sources such as 

solar PV, batteries, fuel cells and wind power to the utility grid and ensure 

efficient conversion, control and exchange of electric power from these sources 

to the utility grid and vice-versa. The grid-tied inverter also alleviates the 

challenges of satisfying grid code standards which power system operators 

demand for renewable energy integration to the grid. In this paper, the model of 

the grid-tied inverter and associated controllers is developed, analyzed and 

simulated for active and reactive power flow control. A reference current with a 

magnitude of 114A is demonstrated to provide active and reactive power flow of 

100kW and 100kVA respectively to a three-phase power grid via current control 

using two PI controllers in the synchronous reference frame. The three-phase 

inverter is powered from a dc voltage of 800V. Simulation results of active 

power, reactive power, inverter and grid voltages and currents prove the 

effectiveness of the PLL and current control method applied for a stable and 

reliable power supply from the dc source to the grid. 
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utility grid (Kumar et al., 2024). The grid-tied inverter structure is illustrated in Figure 1. 
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Figure 1: Grid-tied Inverter 

 

The grid-tied inverter finds applications in the active 

front end in which the inverter on the grid side is 

connected to another inverter that is used to control 

an ac motor. Such application is shown in Figure 2 

(Teodorescu, Liserre and Rodriguez, 2011).  
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Figure 2: Active front-end 
 

The active front end allows for bi-directional power 

flow. The associated control makes it possible for the 

system to operate in the four-quadrant mode and the 

grid current is controlled to give an undistorted 

sinusoidal waveform with low harmonic content. 

Other applications include vehicle-to-grid (V2G) 

technologies (Sadabadi et al., 2023) and energy 

management. Figure 3 presents the structure of the 

grid-tied inverter as applied in energy management 

(Teodorescu, Liserre and Rodriguez, 2011; Vendoti 

et al., 2024). In this configuration, the Grid-tied 

inverter is connected to a DC-DC converter through a 

filter. The DC-DC converter is then connected to a 

combination of solar panels, batteries and/or fuel 

cells. The energy management system and associated 

control may then decide the direction of power flow 

in the system. 
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Figure 3: Energy management system 
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Grid-connected inverters are operated in the direct 

power, voltage, PQ or current control mode for 

transfer of power to the utility grid (Shah, 2015; 

Kumar et al., 2024). The control can become 

complex depending on whether the control mode is 

grid-supporting or grid-forming. A study of a three-

phase two-stage solar PV Inverter for grid connection 

was conducted in Fatima, Siddiqui and Sinha (2022). 

The system was implemented in MATLAB/Simulink. 

Although active power flow to the grid was 

demonstrated, the analysis of the grid-tied inverter 

and its control algorithm was not evident in the work, 

which makes it difficult for a reader to understand the 

system model and the interaction between the 

inverter and the grid. A grid-connected inverter with 

a neutral wire was developed in Patel, Gupta and 

Babu (2019) to work as a multifunctional inverter. It 

was controlled to inject active power into the grid as 

well as to generate harmonic compensating current in 

a grid-supporting mode. A hysteresis controller was 

used for current control in the stationary reference 

frame but the control is quite complex.  

The objective of this paper is to develop and analyze 

the model of the three-phase grid-tied inverter and its 

associated current controllers. The model is then 

simulated in MATLAB/Simulink software the results 

obtained are carefully presented and discussed. A 

simple control strategy is demonstrated in which the 

real and reactive components of the grid current are 

controlled for real and reactive power flow to the 

grid. The grid voltages and currents are transformed 

to a reference frame rotating at the same frequency as 

the grid voltages. This reference frame is also known 

as the synchronous reference frame and it makes it 

easy to achieve control through linear PI controllers. 

The paper is organized as follows; section 2 provides 

the development of the models of the three-phase 

inverter, grid-tied inverter, inverter control, controller 

design and the phase-locked loop for grid 

synchronization.  Section three presents the 

simulation results and discussion while section 4 

concludes the paper. 

Three-phase Inverter Model 

The three-phase inverter topology is shown in Figure 4.  
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Figure 4: Three-phase inverter 

 

The output voltages referred to the negative point of 

the DC bus 𝑣𝑎𝑜, 𝑣𝑏𝑜 and 𝑣𝑐𝑜 can be obtained from the 

Figure as follows;  

𝑣𝑎𝑜 = 𝑉𝑑𝑐𝑠𝑎𝑔      (1) 

𝑣𝑏𝑜 = 𝑉𝑑𝑐𝑠𝑏𝑔      (2) 

𝑣𝑐𝑜 = 𝑉𝑑𝑐𝑠𝑐𝑔     (3)  

where 𝑠𝑖𝑔 ∈ {0,1} and 𝑖 = 𝑎, 𝑏, 𝑐.

Inverter output voltages are synthesized by 

commanding the appropriate switching pulses of the 

Insulated Gate Bipolar Transistors (IGBTs) of the 

inverter i.e. 𝑠𝑎𝑔, 𝑠𝑎𝑔 and 𝑠𝑎𝑔.  

 

By different 

combinations of these pulses, it is possible to create 

AC output voltages with fundamental components of 

different amplitude and frequency. Phase voltages 

𝑣𝑎𝑛, 𝑣𝑏𝑛 and 𝑣𝑐𝑛 are derived from Figure 4 as 

follows; 

𝑣𝑎𝑛 = 𝑣𝑎𝑜 − 𝑉𝑛𝑜     (4) 

𝑣𝑏𝑛 = 𝑣𝑏𝑜 − 𝑉𝑛𝑜     (5) 

𝑣𝑐𝑛 = 𝑣𝑐𝑜 − 𝑉𝑛𝑜     (6)  
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where 𝑉𝑛𝑜 is the voltage between the negative rail of the inverter and the neutral point of the load.

Phase voltages with respect to the switching 

functions/commands are derived from (1) – (6) and 

provided as follows; 

𝑣𝑎𝑛 =
𝑉𝑑𝑐

3
(2𝑠𝑎𝑔 − 𝑠𝑏𝑔 − 𝑠𝑐𝑔)   (7) 

𝑣𝑏𝑛 =
𝑉𝑑𝑐

3
(2𝑠𝑏𝑔 − 𝑠𝑎𝑔 − 𝑠𝑐𝑔)   (8) 

𝑣𝑐𝑛 =
𝑉𝑑𝑐

3
(2𝑠𝑐𝑔 − 𝑠𝑎𝑔 − 𝑠𝑏𝑔)   (9) 

Three phase Line voltages are obtained from phase 

voltages using the following relationships; 

𝑣𝑎𝑏 = 𝑣𝑎𝑛 − 𝑣𝑏𝑛     (10) 

𝑣𝑏𝑐 = 𝑣𝑏𝑛 − 𝑣𝑐𝑛     (11) 

𝑣𝑐𝑎 = 𝑣𝑐𝑛 − 𝑣𝑎𝑛      (12) 

The three-phase inverter is controlled using the 

technique of sine pulse width modulation (SPWM) 

among many other options which include the third 

harmonic injection, space vector modulation, etc. A 

triangular carrier signal, 𝑉𝑡𝑟𝑖 is compared with the 

reference or modulating signal and for a Unipolar 

SPWM, the inverter output voltages are created with 

commands 𝑠𝑎𝑔, 𝑠𝑏𝑔 and 𝑠𝑐𝑔 taking values of logic ‘1’ 

whenever  the modulating signals 𝑣𝑎𝑏
∗ , 𝑣𝑏𝑐

∗ , 𝑣𝑐𝑎
∗ >

𝑉𝑡𝑟𝑖. 𝑣𝑎𝑏
∗ , 𝑣𝑏𝑐

∗ , 𝑣𝑐𝑎
∗  are also referred to as the reference 

voltages for lines a, b and c respectively. These 

reference or modulating signals are the direct result 

of the current control algorithm. When compared 

with the triangular signal, switching functions or 

pulses are generated for the control of the inverter 

switches.  

 

Grid-tied Inverter Model 

The d-q model equations of the grid inverter with LCL filter is now developed from the space vector model of the 

grid-tied inverter. The equivalent circuit is provided in Figure 5.  
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Figure 5: Equivalent circuit of the grid-tied inverter 

 

Using linear circuit theory, the equations describing 

the grid-tied inverter system of Figure 5 is derived as; 

𝑣𝑎𝑓 = 𝑅𝑓𝑖𝑎𝑓 + 𝐿𝑓𝑝𝑖𝑎𝑓 + 𝑣𝑐𝑎    (13) 

𝑣𝑏𝑓 = 𝑅𝑓𝑖𝑏𝑓 + 𝐿𝑓𝑝𝑖𝑏𝑓 + 𝑣𝑐𝑏    (14) 

𝑣𝑐𝑓 = 𝑅𝑓𝑖𝑐𝑓 + 𝐿𝑓𝑝𝑖𝑐𝑓 + 𝑣𝑐𝑐   (15) 

𝑣𝑐𝑎 = 𝑅𝑔𝑖𝑎𝑔 + 𝐿𝑔𝑝𝑖𝑎𝑔 + 𝑣𝑎𝑔  (16) 

𝑣𝑐𝑏 = 𝑅𝑔𝑖𝑏𝑔 + 𝐿𝑔𝑝𝑖𝑏𝑔 + 𝑣𝑏𝑔                 (17) 

𝑣𝑐𝑐 = 𝑅𝑔𝑖𝑐𝑔 + 𝐿𝑔𝑝𝑖𝑐𝑔 + 𝑣𝑐𝑔   (18) 

𝐿𝑓 is the inductance of the inverter side of the filter. 

𝑅𝑓 is the parasitic resistance of the inverter-side filter. 

𝐿𝑔 and 𝑅𝑔 are the inductance and parasitic resistance 

of the grid side of the filter respectively. 𝑣𝑎𝑓, 𝑣𝑏𝑓 and 

𝑣𝑐𝑓 are the phase voltages of the inverter. 𝑖𝑎𝑓, 𝑖𝑏𝑓 and 

𝑖𝑐𝑓 are the output currents of the inverter.  𝑣𝑎𝑔, 𝑣𝑏𝑔 

and 𝑣𝑐𝑔 are the grid voltages while 𝑖𝑎𝑔, 𝑖𝑏𝑔 and 𝑖𝑐𝑔 

are the grid currents. The voltage across the capacitor 

branch is described by the following equations; 

 

𝑣𝑐𝑎 = 𝑅𝑐𝑖𝑐𝑎 +
1

𝐶
∫ 𝑖𝑐𝑎 𝑑𝑡    (19) 

𝑣𝑐𝑏 = 𝑅𝑐𝑖𝑐𝑏 +
1

𝐶
∫ 𝑖𝑐𝑏 𝑑𝑡    (20) 

𝑣𝑐𝑐 = 𝑅𝑐𝑖𝑐𝑐 +
1

𝐶
∫ 𝑖𝑐𝑐 𝑑𝑡    (21) 
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𝑅𝑐 and 𝐶 are the damping resistance and capacitance 

of the filter. The space vector model of equations 

(13)-(18) in the synchronous reference frame is given 

as follows (Abad, 2017); 

𝒗𝑓
𝑒 = 𝑅𝑓𝒊𝑓

𝑒 + 𝐿𝑓𝑝𝒊𝑓
𝑒 + 𝑅𝑔𝒊𝑓

𝑒 + 𝐿𝑔𝑝𝒊𝑔
𝑒 + 𝒗𝑔

𝑒 +

𝑗𝜔𝑒𝐿𝑓𝒊𝑓
𝑒 + 𝑗𝜔𝑒𝐿𝑔𝒊𝑔

𝑒         (22) 

where 𝜔𝑒 is the angular frequency of the grid voltage. 

𝒗𝑓
𝑒, 𝒗𝑔

𝑒  𝒊𝑔
𝑒and 𝒊𝑓

𝑒 are space vectors in the synchronous 

reference frame and are defined as; 

𝒗𝑓
𝑒 = 𝑣𝑑𝑓 + 𝑗𝑣𝑞𝑓     (23) 

𝒗𝑔
𝑒 = 𝑣𝑑𝑔 + 𝑗𝑣𝑞𝑔     (24) 

𝒊𝑓
𝑒 = 𝑖𝑑𝑓 + 𝑗𝑖𝑞𝑓     (25) 

𝒊𝑔
𝑒 = 𝑖𝑑𝑔 + 𝑗𝑖𝑞𝑔                   (26) 

 

Equations (22)-(26) can be used to obtain the d-q 

model of the grid-tied inverter and is given as; 

𝑣𝑑𝑓 = 𝑅𝑓𝑖𝑑𝑓 + 𝐿𝑓𝑝𝑖𝑑𝑓 + 𝑅𝑔𝑖𝑑𝑔 + 𝐿𝑔𝑝𝑖𝑑𝑔 + 𝑣𝑑𝑔 −

𝜔𝑒𝐿𝑓𝑖𝑞𝑓 − 𝜔𝑒𝐿𝑔𝑖𝑞𝑔     (27) 

𝑣𝑞𝑓 = 𝑅𝑓𝑖𝑞𝑓 + 𝐿𝑓𝑝𝑖𝑞𝑓 + 𝑅𝑔𝑖𝑞𝑔 + 𝐿𝑔𝑝𝑖𝑞𝑔 + 𝑣𝑞𝑔 +

𝜔𝑒𝐿𝑓𝑖𝑑𝑓 + 𝜔𝑒𝐿𝑔𝑖𝑑𝑔    (28) 

 

 

If we assume that 𝑖𝑑𝑓 ≈ 𝑖𝑑𝑔 = 𝑖𝑑 and 𝑖𝑞𝑓 ≈ 𝑖𝑞𝑔 = 𝑖𝑞 

then equations (27)-(28) become 

𝑣𝑑𝑓 = (𝑅𝑓 + 𝑅𝑔)𝑖𝑑 + (𝐿𝑓 + 𝐿𝑔)𝑝𝑖𝑑 + 𝑣𝑑𝑔 −

𝜔𝑒(𝐿𝑓 + 𝐿𝑔)𝑖𝑞      (29) 

𝑣𝑞𝑓 = (𝑅𝑓 + 𝑅𝑔)𝑖𝑞 + (𝐿𝑓 + 𝐿𝑔)𝑝𝑖𝑞 + 𝑣𝑞𝑔 + 𝜔𝑒(𝐿𝑓 +

𝐿𝑔)𝑖𝑑       (30) 

Equations (29) and (30) are first-order non-linear 

systems for which 𝑣𝑑𝑓 and 𝑣𝑞𝑓 are inputs and 𝑖𝑑 and 

𝑖𝑞  are outputs. The voltage commands needed to give 

the desired currents, 𝑖𝑑 and 𝑖𝑞 , are obtained with a 

feedback-based solution using current controllers. 

The formulation for the controller gains will be 

performed using equations (29) and (30). Expressions 

𝜔𝑒(𝐿𝑓 + 𝐿𝑔)𝑖𝑞 and 𝜔𝑒(𝐿𝑓 + 𝐿𝑔)𝑖𝑑 in the equations 

are cross-coupling terms (Gupta et al., 2022; Abad,  

 

 

2017) which will be cancelled in the control structure 

to provide for a linear control of current. Three phase 

active and reactive power are expressed in d-q 

reference frame as follows; (Abad, 2017) 

𝑃 =
3

2
(𝑣𝑞𝑖𝑞 + 𝑣𝑑𝑖𝑑)    (31) 

𝑄 =
3

2
(𝑣𝑞𝑖𝑑 − 𝑣𝑑𝑖𝑞)    (32) 

Where P and Q are the active and reactive power 

respectively. Either of the quantities can be 

controlled by controlling the d-q currents. 
 

Inverter Control 

The block diagram of the current control strategy is provided in Figure 6. It is based on the synchronous reference 

frame theory. 
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Figure 6: Current control in the synchronous reference frame 

 

As seen in Figure 6, the grid voltages are sensed and 

transformed first to their equivalent synchronous 

reference frame or d-q voltages where they become 

DC quantities and are then used for inverter control 

(Abad, 2017; Blaabjerg, 2006; Evju, 2007). Inverter 

three-phase currents are sensed and transformed as 

well to their d-q equivalents. Control is performed in 

the synchronous reference frame in which the active 
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component of the inverter current 𝑖𝑑 is regulated to 

provide active power control. The reactive 

component of the inverter current 𝑖𝑞  is regulated as 

well to provide reactive power control. PI controllers 

are employed for the current control. Despite their 

drawbacks of poor compensation capability of low 

order harmonics, PI controllers still give a very 

satisfactory response when controlling DC variables. 

The reference currents 𝑖𝑑
∗  and 𝑖𝑞

∗  and the actual 

currents are used to generate error signals which are 

passed to their corresponding PI controllers as seen in 

Figure 6.  

 

Controller Design 

From equations (29) and (30), after the cancellation 

of the coupling terms, the model equations at open 

loop for the LCL filter yield the following; 

𝑉𝑑𝑓 = (𝑅𝑓 + 𝑅𝑔)𝑖𝑑 + (𝐿𝑓 + 𝐿𝑔)𝑝𝑖𝑑   (33) 

𝑉𝑞𝑓 = (𝑅𝑓 + 𝑅𝑔)𝑖𝑞 + (𝐿𝑓 + 𝐿𝑔)𝑝𝑖𝑞   (34) 

For this system of equations, applying the Laplace 

transformation produces the following transfer 

functions; 
𝑖𝑑(𝑠)

𝑉𝑑𝑓(𝑠)
=

1

[(𝐿𝑓+𝐿𝑔)𝑠+(𝑅𝑓+𝑅𝑔)]
    (35) 

𝑖𝑞(𝑠)

𝑉𝑞𝑓(𝑠)
=

1

[(𝐿𝑓+𝐿𝑔)𝑠+(𝑅𝑓+𝑅𝑔)]
    (36) 

The cancellation of the cross-coupling terms is 

carried out at the output of the PI controllers.  

 

 

 

 

𝑣𝑑𝑔 and 𝑣𝑞𝑔 are added to the output of the PI 

controllers as feed-forward terms as can be observed 

in Figure 7.  

 

Kp+ki/s

-(Lf+Lg) ig+vd

          1

(Lf+Lg)s+(Rf+Rg)

(Lf+Lg) 

+
_

++ +

_

(Lf+Lg) 

Kp+ki/s

(Lf+Lg) ig+vd

          1

(Lf+Lg)s+(Rf+Rg)
+_ ++

_
_

i*d id

iqi*q

vd

vq

 

Figure 7: Current control structure for the LCL filter 

 

The ideal PI control loop is provided in the block 

diagram of Figure 8.  

Kp+ki/s
          1

(Lf+Lg)s+(Rf+Rg)
+_

iqi*q

Kp+ki/s
          1

(Lf+Lg)s+(Rf+Rg)
+_

i*d id

 

Figure 8: Ideal Current Control loop 

 

Issues such as the effects of switching delays and 

other non-linearities and presence of harmonics have 

been neglected for simplicity. The current closed 

loops can be represented ideally according to the 

following transfer functions; 
𝑖𝑑(𝑠)

𝑖𝑑
∗ (𝑠)

=
𝑠𝑘𝑝+𝑘𝑖

[(𝐿𝑓+𝐿𝑔)𝑠
2+𝑠(𝑅𝑓+𝑅𝑔+𝑘𝑝)+𝑘𝑖]

         (37) 

𝑖𝑞(𝑠)

𝑖𝑞
∗(𝑠)

=
𝑠𝑘𝑝+𝑘𝑖

[(𝐿𝑓+𝐿𝑔)𝑠
2+𝑠(𝑅𝑓+𝑅𝑔+𝑘𝑝)+𝑘𝑖]

  (38) 

The expressions for the PI controller gains, 𝑘𝑝 and 𝑘𝑖 

were obtained by comparing the normalized 

denominator of equation (37) with the standard 

second order denominator, as follows; 

 

 

𝑠2 + 𝑠 (
𝑅𝑓+𝑅𝑔+𝑘𝑝

𝐿𝑓+𝐿𝑔
) +

𝑘𝑖

𝐿𝑓+𝐿𝑔
≡ 𝑠2 + 2𝜁𝜔𝑛𝑠 + 𝜔𝑛

2 =

(𝑠 + 𝜔𝑛)
2          (39) 

 

 

 

 

where upon 𝑘𝑝 and 𝑘𝑖 were obtained as; 
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𝑘𝑝 = (𝐿𝑓 + 𝐿𝑔)2𝜁𝜔𝑛 − (𝑅𝑓 + 𝑅𝑔)    (40) 

 𝑘𝑖 = (𝐿𝑓 + 𝐿𝑔)𝜔𝑛
2     (41) 

assuming double real poles. 𝜁 is the damping ratio. 

𝜔𝑛 is the natural frequency. 

 

The PI controller gains are calculated as 0.24 and 157 

for 𝑘𝑝 and 𝑘𝑖 respectively using the parameters of  

 

 

 

 

Table 1. For the SPWM, the relationship between 

modulation index and inverter voltages are given as; 

𝑣𝑑𝑓 = 𝑚𝑑
𝑉𝑑𝑐

2
      (42) 

𝑣𝑞𝑓 = 𝑚𝑞
𝑉𝑑𝑐

2
      (43) 

 

𝑣𝑑𝑓 and 𝑣𝑞𝑓 are therefore multiplied by 
2

𝑉𝑑𝑐
 to obtain 

𝑚𝑑 and 𝑚𝑞 which are transformed to the abc 

reference frame to produce the voltage references for  

 

the three-phase inverter control. It is these references 

that are applied to the SPWM block to generate the 

commands for the inverter switches. 

 
 

 

Phase Locked Loop 

For the three-phase voltage and current 

transformations, the phase angle 𝜃 of the grid voltage 

is needed. This angle is estimated by the phase-

locked loop (PLL). The PLL block is presented in 

Figure 9. Its closed-loop nature provides stability and 

perturbation rejections to the angle estimation. It is a  

 

simple but effective synchronization method. It 

synchronizes the inverter frequency to the grid 

voltage frequency. The PLL is synchronized by using 

the d-q coordinates of the grid voltages as seen in 

Figure 9. It extracts the phase angle from the grid 

voltages to keep the controlled current in phase with 

the grid voltage. 

abc

dq PI
1
s

vq   ϴ 

 
Figure 9: Phase locked loop 
 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Table of Parameters 

PARAMETERS VALUES 

RATED POWER 10kVA 

𝑽𝒈𝒓𝒊𝒅 415V 

𝑽𝒅𝒄 800V 

𝒇𝒔𝒘 10kHz 

𝑹𝒇 0.01Ω 

𝑹𝒈 0.01Ω 

𝑳𝒇 0.5mH 

𝑳𝒈 0.5mH 

𝑪 100µF 

𝜻  1 

𝝎𝒏  20 rad/s 

 

Simulation Results and Discussion 

The inverter output voltage is shown in Figure 10 and 

the grid voltages are shown in Figure 11(a). Whereas 

the inverter output voltages are square waveforms 

containing harmonics of the switching frequency, the 

grid voltages are sinusoidal waveforms. The LCL 

filter is very effective in filtering out the high-

frequency harmonics of the inverter voltage. The grid 

currents are shown in Figure 11(b). They can be 

observed to be sinusoidal three-phase currents that 

are 1200 out of phase with one another.  Active power 

flow control is performed by setting the reactive 

component of the current iq equal to zero and setting 

a non-zero reference for the active current component 

of power. With the active current component set to -

114A (which corresponds to a rated power of 

100kW) initially, only active power flows to the grid. 

There is no reactive power flow. This is demonstrated 

in the result of Figure 11(c) by the fact that the grid 

current is in phase with the grid voltage, indicating 

that the power factor is unity. The reference current 

was reduced, by half, to -56A at a time of 0.5s of 

simulation time while still maintaining the reactive 

component at a value of zero. This is the reason why 

the grid current is seen to reduce by half in Figures 

11(b) and (c).  
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Figure 10: Inverter output voltages 

 
  Figure 11: (a) Grid voltages (b) Grid currents (c) Voltage 

and current of Phase ‘a’ 

 

The plot of active and reactive power can be seen in 

Figure 12. Clearly, Reactive power under this 

condition is zero. The active power is observed to be 

equal to 100kW initially and then this value is 

reduced by half from the time of 0.5s following the 

reference value set for the active current component. 

To send reactive power to the grid, a reference of   

 

114 A was also set for the reactive component of 

current and a reference value of zero was set for the 

active component of current (i.e. 𝑖𝑑). Figure 13 shows 

the results under this condition. It can be seen that the 

active power is now equal to zero while the reactive 

power is equal to 100kVA.  

  
Figure 12: Active and reactive power under active power 

flow conditions 

 
Figure 13: Active and reactive power under reactive power flow 

conditions 

 

The grid voltage and current are now seen to be out 

of phase with each other in Figure 14, indicating 

reactive power flow. The peak value of the current 

can be seen to be equal to the reference value of the 

reactive component of the current. It is clear that 

simulation results verify the analysis outlined in 

section 2.  
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The modulating signals passed to the PWM generator 

and the triangular carrier signal of 10kHz are 

presented in Figure 15(a). It can be seen that the 

process is not over modulated or under modulated. 

Modulation signals have a magnitude slightly less 

than 1 which is appropriate. The switching pulses for 

the top and bottom switches of phase ‘a’ of the  

 

Inverter, are shown in Figures 15(a) and (b). The 

phase angle of the grid voltage, 𝜃, is illustrated in 

Figure 16a. It is the output of the PLL and it can be 

seen that it changes from 0 to 314 radians between 0 

and 1s giving a constant angular frequency of 314 

rad/s for the grid voltage and current as seen in 

Figure 16(b). 

 

 
Figure 16: (a) Phase angle of grid voltage and current (b) frequency of grid voltage and current 

 

   

 
Figure 14: Voltage and current of phase ‘a’ under reactive 

power flow conditions 

 

 
Figure 15: (a) modulating and carrier signals (b) 

switching pulse for top switch of phase ‘a’ 

(c) switching pulse for bottom switch of phase ‘a’ 
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Conclusion 

The operation of the grid-tied inverter in the 

synchronous reference frame has been demonstrated 

in this paper. The model of the three-phase inverter, 

grid-tied inverter and control structure were 

developed, analyzed and simulated in the 

MATLAB/Simulink environment. Active and 

reactive power flow control in the synchronous 

reference frame was effectively demonstrated. A 

reference value of -114 A was set for the active 

component of current while a value of zero was set 

for the reactive component of current thereby 

producing active power of 100kW at the three-phase 

power grid. Grid voltages and currents were observed 

to be in phase under this condition. A similar 

procedure was performed for the reactive power 

control as well. Reactive power control is necessary 

because of grid voltage stability and grid interactions 

with non-linear loads such as power converters, 

transformers and induction motors. A dq current 

controller with PI control was developed and 

designed and a simple PLL was adopted to realize the 

control in the synchronous reference frame. 

Simulation results of active power, reactive power, 

inverter and grid voltages and currents prove the 

effectiveness of the PLL and current control method 

applied in this work. Although this control approach 

is fairly easy to understand, the cancellation terms 

and the voltage feed-forward approach discourages 

implementation. Besides, low order harmonic 

compensation which is usually required for 

overcoming power quality issues during the 

occurrence of disturbances is impractical with linear 

PI controllers. Other controllers such as proportional 

resonance (PR), hysteresis and dead-beat current 

controllers are often preferred to the PI current 

controllers and are recommended because of their 

fast dynamics and ease of implementation. 
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