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ABSTRACT

In distributed power systems, the integration aienwable energy sources and DC loads are increadimg by day.
Medium Voltage Direct Current (MVDC) is a modermcept to meet the DC demandwith high reliabilitgl deasibility.
A simulation model of hybrid configuration mergibhgth MVDC and ESS (Energy Storage System) for swldrwind
energies have been modelled, simulated, and compaceget a bidirectional power flow, the ESS isrexted to a Bi-
directional DC-DC converter. In this paper, the quemative performance of the MVDC distribution netkantegrated
with ESS is evaluated for solar and wind energyrseal The study's main contribution is obtaining@rdinated
operation of MVDC and ESS, which performs via aesuipory control scheme that defines the set-pdortshe control

loops in each converter.
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INTRODUCTION

In the earlier stages of the power systems, theofigeC and DC grids was a hot topic. However, A@ighecame more
prominent since the voltage and power levels afficant, and voltage conversion was challengingt,Boday, there is
considerable progress in the power electronic telcigies, DC becoming a more significant componanthie power

system. In DC grids, transmission technology isueremt research topic. The VSC-HVDC transmissiacchtelogy is

preferable than LCC- HVDC technology because th€\W8/DC's commutation is independent of an AC dfilus there

is no commutation failure issue, and it can sujayer for a passive system. The harmonic contembltdge and current
is shallow due to pulse width modulation in VSC- B@. Based on the advantages above, the VSC- HVDCalgreat
prospect in connecting renewable energy, develog@piglly [1] [2].
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92 P.Venkata Sai Ram, M.Veera Kumari & K.Kotaiah Chowdary

MVDC technology has an enormous potential to irdegdifferent energy sources, dc systems, and ploads.
In the modern power system, the loads are changingt [2]. To handle such a change in loads comuketd the
distribution system, MVDC is the right solution feoeliability, efficiency, volume, and cost. Alsohe number of
conversion stages can be reduced. The criticalicgtiph of MVDC technology could demonstrate andridk novel

HVDC systems and components, such as multi-ternsiystems [3].

The need for MVDC technology development has beareid by the liberalization of the energy markehiet
has led to installations of large-scale wind anthrséarms at the transmission and distribution leg [5]. At the
distribution level, end-use consumers are employigge systems at a scaled level, which have deD€ranterfaces.
Considering all of these various aspects and agmics, MVDC is feasible, technically advantageoasgd certainly
economically attractive in many cases, especialigne there is a concentration of wind or solar ggi@ combined with

local loads [5].

Energy production by some renewable-energy powarces, such as solar cells and wind-power genatator
depends on weather conditions. For grid-connecteglep supplies, this fluctuation of output power s changes in
voltage frequency distributed by the grid. In tlase of standalone power supplies, lack of othergp@&neration sources
is a critical problem; namely, blackouts occur winenewable energy cannot be obtained. An energggosystem that
can balance the power demand and the power sosirkeyi to introducing large-scale renewable enemyces [6].
Consequently, the operation of the MVDC distribatisystem with ESS for renewable sources leads tomowe the

quality, efficiency, and reliability of this renebla resource.

This paper focuses on implementing a simulationehémt an MVDC distribution system with ESS desidrier
connecting a wind farm and solar plant to the gfide study's main contribution is obtaining a camated operation of
MVDC and ESS, which is performing via a supervisoontrol scheme that defines the set-points forctherol loops in

each converter.
SINGLE LINE DIAGRAMS
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Figure 1: Layout of MVDC — ESS Configuration for Wind Energy.

Fig.1 represents the MVDC - ESS configuration fansenergy. As shown in the figure, the MVDC systatts
as an intermediate system between the wind farmtlaadyrid. The generated power from a wind farnfedsto a VSC

converter (AC-DC). Then it is transmitted througb@ line. On the other side, ESS is connectededt@d line, as shown
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Analysis and Performance of MVDC Distribution System with ESS for Wind and Solar Energies 93
in the figure. In this configuration, windfarm iset primary source for power, and ESS acts as aitiaayxsource. The
primary purpose of this ESS is to compensate fepthwer fluctuations.

MVDC System with Solar Energy

Fig.2 is the representation of MVDC-ESS configumatfor Solar Energy. In this configuration, theasgblant's generated
power is fed to the DC-DC (Boost) converter. Thesdenerated power is transmitted to the grid tijinahe DC lines.

Energy storage systems (ESSs) are acknowledged faasile solution to mitigate the intermittencydan

unpredictability of renewable power [7] [8].
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Figure 2: Layout of MVDC — ESS Configuration for Sdar Energy.
MVDC DISTRIBUTION SYSTEM

As shown in Figures 1 and 2, the MVDC system asta #arrier, and it injects the power from genagaplants to the
grid. Such type configurations result in loss reau; control of voltage at each end of the linkdahe medium range of
voltage presents cost-effective, lower risks foeasfic applications [9]. MVDC offers an adequat¢esiative for short-

distance distribution lines.

The MVDC distribution system consists of the getieraplant (wind or solar), DC links, VSC convedeand
the grid.

Generation Plant

Wind farm: The detailed model of a wind farm is not incorpedatn this paper. The simulation results are cadrdat
under fluctuating wind conditions. As a result, tregiable amplitude is delivered by wind voltagel amind current. The

wind farm is designed to generate a voltage of 5&ith that the wind farm acts as a fluctuatinges®{L0].

Solar plant:Solar plant consists of several PV arrays. Thesgyarare built so that the strings are connected in
parallel, and the modules in each line are conndctseries. The power generated from the PV derdgw compared to

energy generated from the wind farm. The simulatésults are carried out under variable irradiaradees [10].
Voltage Source Converters

There are two voltage source converters preseefahn configuration. The MVDC link is employed beéwnethe two
VSCs connected to the generating plant and gridutiit a phase reactor. In this paper, two-level \iS@sed in the

simulation.
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The modulation index is expressed as,
2
m = Vyom * 2 * Sqrt(g)/Vdc

Where Viom= R.M.S phase to phase nominal voltage
V4= DC link voltage.
The control loops compute this modulation index] #rus the controllable voltage is obtained at A@rinals.
DC Link

DC link is the interconnection between both pladéesind grid side converters. It is the transmitfgpower from the plant
to the grid. As shown in the single line diagramanfigurations, the ESS is connected at one drtieoDC link and

plays a vital role in order to maintain the constasitage in the link.

Capacitors are equipped on both dc sides of theerters to reduce the DC voltage's ripple contéhe rated
capacity of the capacitors is 333fsection lines have been used as positive andimedgatminals of the DC line. These

lines are placed between the plant and grid sidearters to represent a short distance distribuiien
Grid

The grid side VSC is connected to an ideal thresphvoltage source. This element resembles theection of the
MVDC distribution system with energy storage toti#f #C grid. This voltage source's amplitude amdduency remain

constant throughout the simulation, as it occurlaige power systems.
Control of Converters

The Control system of converters plays a crucikd no the entire simulation. The vector controlheigue is employed on
both side converters [11]. The switches' conductiates are controlled by the d and q componentiseoAC voltage at

the phase reactor of each converter.

For the wind farm side converter, the control stygtis accomplished by the two control loops (inawed outer)
based on PI controllers. The frequency is mainthiae 50 Hz at the abc-dq transformation. The corgnm@ategy
implemented in the plant side allows the decoupteatrol of the active and reactive powers by actinghe rotor voltage

d and g components. This control loop is respoedit controlling power generation and for powenwersion.

A similar control strategy has been developedHter®rid side converter since the active and reagtowers can
be controlled independently by acting on the conemtm d and g of the grid side voltage. The mairectbje of this
control strategy is to achieve the power balancéhénDC system. Additionally, DC voltage error angpensated by this
control scheme.

For a boost converter employed in the configuraibown in Fig.2, the switch action state is comgblby the

control system based on Pl controllers.
ENERGY STORAGE SYSTEM (ESS)

The energy storage system is connected at one fetig a@c-link in the MVDC distribution system. lbesists of a Bi-

directional DC-DC converter with control and a bayt
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Bi-Directional DC-DC Converter with Control

A Bi-directional DC-DC converter is designed to trohthe charging or to discharge power of thedrgttThe converter
consists of two switches with a PWM control circiduring the charging period, the DC bus's enelgyd to the battery
through the switch connected to the DC line. Theesfthe converter acts as a unidirectional buck/eder. However, the
battery discharges through the switch connectealsadhe battery. In this case, the converter acesumidirectional boost

converter.

There are two control loops to control the chargimgdischarging of the battery power. The referepower,
which is obtained by the supervisory controllemggulated by a PI controller. A second Pl congroié used to control the

battery's current to protect the battery [12].

Battery

PWM

Fie L
P:'—To-—r- PI |t S Pl —I

Figure 3: Control Scheme of Bi-Directional DC-DC Caverter.
Battery

Batteries are one of the most employed compon@nEsSiS technologies, readily available in the markée electrical
energy is stocked as electrochemical energy in afseumerous cells linked in parallel or seriedoth form. Lithium-lon
type battery has been used in this work. A battéoyes energy when excess power is generated cechfzagrid demand,

and it discharges when the system has low powezrgéan.
SUPERVISORY CONTROLLER

The supervisory controller's primary purpose isdmpensate for the mismatch between the main ptrasesferred from
or to the grid. The supervisory controller only rified the reference set point for the battery. €dfgrm this task, it needs
information from the grid demand.

This work's main motive is to meet the load demamdshort distance distribution systems irrespeciie

renewable energy power.
SIMULATION AND RESULTS

The performance of the proposed MVDC-ESS configomais evaluated under variable wind speed andlimrece
conditions. Thus the generation is dynamic. Theeggied voltage and current from Windfarm and Splants are shown

in Figures 4 and 5.
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The generated AC power is converted into DC powefl hyristor controlled rectifier. The current andlitage
waveforms observed at the Rectifier end are obdeiveFigures 6 and 7. For wind energy, the currestifier end is
significantly less, and the current changes arevisittle. However, for solar energy, the currenthet rectifier end is very
low compared to wind energy, but it is frequentlyying for the entire simulation. The voltage & thctifier end for wind
energy is instantly increased to its maximum valisgshe first few ps of simulation. Later it iSgitly decreased and
maintained as almost constant up to the end oEitimalation. The voltage at the rectifier end fotasanergy is quite
different from wind energy and low in value. Foeffirst 0.8s of simulation, the voltage is the mioim value, and then it
is raised to its maximum value for the total 2siofiulation.

The converted dc power is transmitted through théink to the inverter. At this end of the inverténe current
and voltages are crucial to analyse the total peg®ystem performance. Since, at this end, thecBBf&juration is also
connected to dc-link, as shown in Figures 1 anBa2.wind energy and solar energy, the currentrisoat zero, and it is
similar to the rectifier end current. The voltagehis grid-connected converter is also identioathe rectifier end voltage.
However, the difference in voltage and currentbaih the ends of dc-link is that the inverter erav@forms have more

fluctuations. These changes of current and volteaeeforms at gird connected converter are obsarv&iures 8 and 9.
Thus MVDC voltage is maintained at a constant peesive of the generation.

Table 1: Simulation Parameters

DC line (= model) Phase reactors
Rline | 9.5 nQ/km R 90 N
Lline | 0.53mH/km L 8.6 mH
Cline | 0.21 pF/km Filter
Length 8 km Cfilter | 0.2mF
Control loops DC Grounding capacitars
kp, ki | 1.9,0.06 C | 333pF
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Figure 4: Generated Voltage and Current from Wind Farm.
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Figure 5: Generated Voltage and Current from SolarPlant.
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Figure 6: MVDC Current at Generation side Converter.
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Figure 7: MVDC Voltage at Generation side Converter
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Figure 8: MVDC Current at Grid Side Converter.
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Figure 9: MVDC Voltage at Grid Side Converter.
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Figure 13: Battery Voltage.

The final outputs of the proposed configuration lioth energies are shown in Figures 10 and 11 ctsply.
The result of the entire system is dependent orpdréormance of the ESS. The battery and supesvisontrollers are
responsible for the total controlled operation leé tircuits. The supervisory controller receives titid and generation
values then modifies the bi-directional dc-dc cotms set point through the battery control syst@trus the charging
and discharging of the battery occurs frequentlyceoning the generation for the 2s of simulatidme Turrent and voltage
of the battery are shown in Figures 12 and 13.
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CONCLUSIONS

In this paper, a hybrid system, including the MV@Gtribution system with ESS Configuration, hasrbe®delled and
simulated. All the necessary controlling strategiess implemented. This proposed hybrid configuratan produce an
uninterrupted power supply to the grid through vestgle energy sources. And MVDC has enormous pateiatintegrate
different renewable sources. The MVDC-ESS confijorais simulated for Wind and Solar energies; ppleeformance of

this MVDC-ESS configuration is analysed and comgdog both the energies.
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