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Abstract  
High voltage DC transmission allows higher power and stabilized higher DC voltages to longer 
distances with lower transmission losses and higher system stabilities, the power generation 
through wind energy or solar energy. The HVDC system allows the system to transmit the 
power which is generated by solar to longer distances. The solar energy to be converted into 
DC power and can be induced and integrated with the existing grid on a large scale. This paper 
aims at integrating the AC grid and VSC HVDC transmission system, the power regenerated 
mainly through solar energy, and the penetration of renewable energy is examined with regard 
to bipolar links for HVDC. The complete transmission and generation part is simulated using 
MATLAB/SIMULINK. Simulated results clarify that the HVDC system is more adoptable in 
case of short circuit levels and power losses in the long transmission systems.  Further 
simulation studies are observed by keeping the existing station equipment parameters of the 
VSC HVDC converter stations between the Pugalur located in Tamil Nadu, India (High solar 
energy region) and Thrissur located in Kerala, India (Low solar energy region). The 
observation of studies enumerates the necessity of HVDC technology implies to solar energy 
penetration into the utility grid. 
Keywords: Solar energy, HVDC, power losses, P&O algorithm, Dynamic simulation. 
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 1. INTRODUCTION 
The electricity demand is increasing in India as well as globally. As a result of this more no. of 
thermal plants or plants based on fossil fuel is running to supply the demand, which leads to 
the heavy burning of coal making the greenhouse effect and causing Global warming. To avoid 
conventional fossil power, the global system should move towards renewable power generating 
sources. Less coal or fossil burning makes a healthier environment for future generations. As 
per the explanation by Chattopadhyay, renewable energy will play a major role in the Indian 
energy market and Global energy markets. Increasing the efficiency of the thermal plant will 
reduce coal burning for the same power generation and other energy-generating sources, like 
renewable energy, should be a replacement for coal [1-9]. Electrical theft become a significant 
energy loss in developing nations [10-13]. The transmission and distribution losses in India is 
around 23% of total power generation. As per TERI [14], losses could be up to 50% in a study. 
The power losses as a result, generating the extra electricity will wind up with power loss for 
the generating plant. According to Carolien et al in India, by reducing the T&D losses, CO2 
emissions can be cut by 6% and power plant production efficiency can be increased by 9%.  
As per T&D loss consideration, an adoptable transmission system is required for the long 
transmission line. For long distances, HVDC system is preferable over HVAC, as transmission 
losses can be minimized and system control stability will increase. Hempelt analysis of the 
long-distance transmission systems present state of art using Ultra HVDC [15-17]. HVDC 
gives a better option in interconnecting the asynchro grids and is particularly suitable for 
renewable power generating systems [18]. For renewable power generation, the HVDC 
converter’s significance is mentioned in several researches [19-23]. 
 
Renewable power generation integrated with HVDC gives better optimal power transmission 
and distribution losses. In this paper discussed solar power integration with VSC HVDC for 
power transmission for longer distances. The using PV module’s strings and substrings are 
connected to the existing grid by a dedicated inverter or an inverter with DC/DC converter 
connected to solar panels [24-25]. Battery charger scheme for the solar system to reduce output 
ripples mentioned in [26]. The wide range of solar power conversion and conventional dc-dc 
converters for PV cells are examined [27]. Battery storage is not required for PV integrated 
with a grid with optimized controls [28-29]. 
 
This paper presents the integration of the PV-cell concept in the existing VSC HVDC 
transmission system in India. This paper presents a new method of connecting panel voltages 
to local AC grid voltages and transmitting the power to longer distances using the VSC HVDC 
transmission system. This concept is applied to the existing HVDC link between Pugalur AC 
Grid and Thrissur AC Grid specifications for study purposes. The MATLAB simulation studies 
are conducted with integration of solar photovoltaics’ at Pugalur AC Grid (High sun light 
region), is transmitting the power to Thrissur AC Grid (Low sunlight region) through the VSC 
HVDC link. Several studies are made on solar power generation with the P&O algorithm, grid 
voltage disturbances and HVDC link   
voltages. 
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Fig. 1. Solar photovoltaic penetration illustration into the grid system. 

 
 The solar power generation equation is given below, 
                         E = A x r x H x PR 
E is the energy generated in KWH, A is the total area of the panel (m2), r is solar panel yield 
(%), H is the annual average solar radiation on tilted panels and PR = Performance ratio, which 
signifies the performance of the PV cell irrespective of the installation method and other losses 
considered in practical installation. The solar power is directly fed to a 3-level IGBT inverter 
model, which converts PV-cell DC power to AC power. Gating pulses for the IGBT inverter 
are generated by the inverter control unit. The inverter control unit works on maximum power 
point tracking (MPPT) with perturb and observe algorithm. MPPT with the P&O algorithm 
takes the continuous feedback of measured PV-cell voltage and currents, DC Voltage, inverter 
voltage output and current output. Fig. 1 gives the prototype model of PV-cell system 
integration with an AC grid and transmitting the power through the VSC HVDC system, the 
model is simulated in MATLAB Simulink. 
 
Typically, the P&O algorithm is used in MPPT model to track the maximum power of the solar 
cell. The PV output power is periodically measured and compared with the previous power to 
track out the maximum permissible power generation from the solar grid. It continuously 
monitors the PV voltage to get MPP, Vnew, Pnew are continuously monitored over Vold, Pold. 
If Pnew> Pold & Vnew> Vold, then the inverter control system will generate gate pulses to the 
inverter by the PWM technique. The Pulse width is based on the maximum power tracking 
model and controls the inverter output values. The MPP of the solar system is tracked by 
measuring the voltage and currents by comparing the old values to get the energy tracked out. 
The solar energy is directly fed to the AC grid by controlling the inverter using MPP mode.   
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Fig. 2.P&O algorithms used in Solar PV MPPT model. 

 
 Typically, P&O algorithm used in MPPT model to track the maximum power of solar cell. 
The PV output power is periodically measured and compared with the previous power to track 
the maximum permissible power generation from the solar grid. It continuously monitors the 
PV voltage to get MPP, Vnew, Pnew are continuous. 
monitored over Vold, Pold. If Pnew> Pold & Vnew> Vold, then the inverter control system 
will generate gate pulses to the inverter by the PWM technique. The Pulse width is based on 
the maximum power tracking model and controls the inverter output values. The MPP of the 
solar system is tracked by measuring the voltage and currents by comparing the old values to 
get the energy tracked out. The solar energy is directly fed to the AC grid by controlling the 
inverter using MPP mode. 

 
Fig. 3. Typical VSC HVDC transmission line between Pugalur and Trichur 

  
I.  HVDC LINK AND CONVERTER STATIONS 
This paper mainly discussed solar power flow from the rectifier station to the inverter station 
and the simulation of the VSC-HVDC transmission system. In MATLAB, solar power with 
MPPT and P&O algorithm gives prominent power to the AC grid. 
The IGBT equivalent model is used to convert AC power to DC power and vice versa. The 
operating DC voltage levels are +/- 320 KV. The two converter stations are connected through 
over line for 250 km and an underground cable for 32 km. The link is having a capacity of 
2000MW power flow in both directions.  
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VSC HVDC is becoming is prominent power transmission over a longer distance with better 
stability, mainly power generation through renewable energy sources. VSC HVDC converters 
mainly deal with IGBT modules depending on the power level the module capacity will be 
decided. The Modular multilevel converters (MMCs) make the two to three-level topologies 
and make a major development in this technology. The technology makes use of MMC and 
submodule. Sub module is an IGBT half-bridge connected to a capacitor, which allows the 
capacitor to charge and discharge in a faster and more reliable manner. The more no. of MMC 
sub-module for a higher level of operating voltages. In MATLAB implementation used an 
equivalent model of the IGBT Bridge to get better simulation results. 
 
The complete model is implemented in MATLAB simulation and the existing transmission 
system and real-time equipment parameters are considered for the model as mentioned in Table 
1. 
 
There is a Voltage Source Converter (VSC) fed HVDC project under construction connecting 
Pugalur to North Trichur (Kerala) with the same configuration and rating. This work details 
the methodologies suitable to enhance the operational performance of the system. The 
simulations are planned to conduct based on this real-time data. 
  

Table 1. HVDC Parameters 
HVDC Characteristics 
Rated Power Flow 2000 MW 
MMC Levels 331 
Sub-module Half-bridge 
Rated Pole DC Voltage (Ud) 640 kV 

(Pole to Pole) 
Pugalur AC Grid 50 Hz, 400 kV, 36.4 GVA, X/R =10 
Thrissur AC Grid 50 Hz, 400 kV, 36.4 GVA, 

X/R =10 
Converter Transformer 400/380 kV, 367 MVA 

Leakage Impedance = 17.5% 
Neutral Grounding Reactor Lg = 6 kH, 

Rg = 2.5 kΩ 
Power Transmission Characteristics 
Conductor size 2500 mm2 
Conductor Copper 
Insulation XLPE insulation 
OHL length 143 km 
Cable Length 32 km 
OHL DC Resistance 23.27 mΩ/km 
Cable DC Resistance 9.2 mΩ/km 
MMC Sub-modules Characteristics 
Type Half bridge 
Nominal Switching Frequency 100 Hz 
Capacitor 8.5 ±2% mF 
Peak Turn-off Current 3300 A 
DC Reactor per arm 90 H 

  
II. HVDC SYSTEM WITH PV PENETRATION 
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VSC HVDC system is become more viable in the 2000s, as it connects renewable energy 
generation to the existing grid. Power transmission range varies from 1MW to thousands of 
megawatts based on the abundance of renewable power at a particular location. There are many 
nationwide and interregional transmission projects being developed in India and China 
utilizing HVDC/UHVDC and FACTS devices. Solar power generation is feasible, where the 
abundance of solar energy from the Sun. Catching the sunlight and converting it to solar power 
requires a photo voltaic system (PV-Cell). The basic PV cell connection with the converter and 
AC grid as shown in Fig. 4. 

 
Fig. 4. Solar power penetration into the AC grid and VSC HVDC Transmission system. 

 
VSC HVDC system is become more viable in the 2000s, as it connects renewable energy 
generation to the existing grid. Power transmission range varies from 1MW to thousands of 
megawatts based on the abundance of renewable power at a particular location. There are many 
nationwide and interregional transmission projects being developed in India and China 
utilizing HVDC/UHVDC and FACTS devices. Solar power generation is feasible, where the 
abundance of solar energy from the Sun. Catching the sunlight and converting it to solar power 
requires a photo voltaic system (PV-Cell). The basic PV cell connection with the converter and 
AC grid is shown in Fig. 4. 
The Pugalur station is located at the southern state of India, which is exposed to high sunlight 
during the daytime throughout the year. Solar power can be utilized economically and transmit 
the power to other areas. Already a VSC HVDC transmission system is commissioned in the 
southern part of India, which connects the Pugalur in Tamil Nadu to Thrissur in Kerala. A 
simulation model is created with a VSC HVDC transmission system, one station is having solar 
power as a generating source and it is transmitted to another station.  
 
III. SIMULATION RESULTS 
The Dynamic system simulation is executed in MATLAB Simulink as shown in Fig. 5. The 
work mainly focuses on real-time system analysis for integrating the existing system with the 
new system. This paper focuses on real-time data modelling for the new renewable source 
penetration between the two existing stations Pugalur and Thrissur in India, grid specifications 
are mentioned in Table 1. Fig. 3 gives an understanding model of Pugalur and Thrissur 
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converter stations. Fig. 4 briefs the solar-fed AC grid at Pugalur as rectifier station 1 and 
Trichur as inverter station 2 and their control scheme and energy conversion system. 

 

 
Fig. 5. Solar PV-fed Pugalur and conventional-fed Trichur station modelling 

  
IV. RESULTS SUMMARY 
1.   Fig. 8 represents the voltage and current waveforms at solar PV fed to the AC grid at 
Pugalur station 1. The data is real-time as a result of MATLAB programming considering the 
area irradiation value and temperature. The Power availability of the area graph can be 
observed as shown in Fig. 9. 
2. The Solar power at the grid is the input to the Pugalur HVDC converter station 1. The 
converter DC voltage and DC power are scaled to per unit value for easy understanding. The 
voltage input, voltage per unit and the per unit power input of DC equivalent is illustrated in 
fig. 10. 
3. The existing AC grid at Trichur side HVDC converter station 2, the DC power is 
received from Pugalur Solar PV plant. The converter terminal DC voltage and power graphs 
get from fig. 11, the values are scaled per unit value and the DC equivalent per unit power is 
illustrated. 
4. The Pugalur side HVDC converter station 1 real-time value i.e., the input-controlled 
voltage, active power, apparent power, per unit values of three phase-controlled voltages and 
three phase-controlled currents respectively are shown in Fig. 12. 
5. The Trichur HVDC converter station 2 responses are illustrated in fig. 13 i.e., input-
controlled voltage, active power, apparent power, per unit values of three phase-controlled 
voltages and three phase-controlled currents respectively are shown in fig. 13. 
6. The Pugalur converter station (station-1: Pugalur station) filter performance is 
illustrated in fig. 14 and quadrature axis current, direct axis current, modulation index and 
voltage reference are generated for the HVDC converter gate pulse are shown in fig. 14 
respectively.  
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Fig. 6. Dynamic simulation model of HVDC System 

 
Fig. 7. Solar PV fed grid Pugalur supply station illustration 

  
7. The Trichur HVDC converter station (station-2: Thrissur station) filter performance is 
represented in fig. 15. And the direct axis current, modulation index, quadrature axis current 
and the voltage reference for the HVDC converter pulse are shown in Fig. 15 respectively. 
8. The HVDC Pugalur converter station (station-1: pugalur station) connected grid 
parameters are illustrated in fig. 16. The control dc link voltage, compensation, improved 
station-1 profile and station 1 terminal three-phase voltages are shown in fig. 16 respectively. 
9. The Trichur (station-2: Thrissur station) AC grid parameters are illustrated in fig. 16 
i.e., improved station-2 profile, the control dc link voltage, compensation voltage and station 2 
voltage three-phase voltages are shown in fig. 17 respectively.  
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Fig. 8. Solar PV fed grid Pugalur supply station voltage and current illustration 

 
Fig. 9. Solar PV power inflow from PV array illustration. 

 
V. CONCLUSION 
Currently, the transmission system can integrate with renewable energy sources seamlessly 
into the broad portfolio of HVDC availability. By combining different HVDC technologies 
LCC & VSC, back-to-back connected grids and long-distance transmission networks can 
provide improved access to renewable energy resources over conventional ones like wind, 
solar, hydro and ocean tides. Etc. Ac power distribution can be strengthened with DC Power 
transmission for longer distances. HVDC is a proven technology in power transmission around 
the globe and proven technology to get sustainable and environmentally friendly power. 
Further analysis of power systems is discussed in comparison with conventional systems. This 
paper extracts the grid dynamic analysis and enables further research in renewable power 
generation and transmission over longer distances. The simulation studies enable the future 
scope of grid integration with renewable power generation.  
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Fig. 10. Station-1 output illustration 

 
Fig. 11. Station-2 output illustration. 

 

 
Fig. 12. Station-1 VSC control station performance illustration. 
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Fig. 13. Station-2 VSC control station performance illustration. 

 

 
Fig. 14. Station-1 filter performance illustration. 

 

 
Fig. 15. Station-2 filter performance illustration. 
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Fig. 16. Station-1 VSC performance illustration 

 

 
Fig. 17. Station-2 VSC performance illustration. 
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