&

AALBORG UNIVERSITY
STUDENTS 5TUDYREFORT

Department of Energy Technolodglontoppidanstraede 101
Aalborg University, Denmark

INTELLIGENT CONTROL FOR DISTRIBUTED SYSTEM
MASTER THESIS

WPS4

o oan SSaRN
P N

L EOSIRNARN
L S C e DEARY

CONDUCTED BY GROUPNPS4 1054

SPRING SEMESTER 2012






Title: Intelligent Control for Distibuted System

Semester: 4th

Semester heme: Master Thesis

Project period: 01/02/2012 31/05/2012
ECTS: 30

Supervisor: Prof. Zhe Chen

Project group: WPS4- 1054

Michele Martino

Yamshid Farhat Quifiones

Copies: 3
Pages,dtal: 109
Appendix: 5
Supplements: 1CD

SYNOPSIS:

An intelligent control strategy for a D
micro-grid system will be presentedThe
studied system consisting of renewab)
generations, one conventional generatio
energy storages, loads and control units. T
size of the micregrid is determined on the
base of the load and the renewabl
generations, the energy storages and tf
conventional generation have to be able t
supply the DC loads when the weath
conditions not are favorable to the P
and/or windturbine generations. Thg
intelligent control method is used tq
regulate the DC voltage when the Microgr
is disconnected to the rigl, i.e. islanded
mode, due to disturbances, such as a fa
and its subsequent switching incident
Moreover the grid connected mode i
considered to implement an intelligen
energy management that will schedule th
energy allocation at minimum cost orne
base of the electricity market. The studiq
system with the control strategy have bee
implemented in a simulation tool, thg
results are presented and discussed in t
thesis.

By signing this document, each member othe group confirms that all group
members haveparticipated in the project work, and thereby all members are
collectively liable for the contens of the report. Furthermore, all group members

confirm that the report does not include plagiarism.






PREFACE

The presenthesisentitled Intelligent Control for Distributed Sysin was written by
group WPS41054in 10th Semester at the Department of Energy Technology, Aalborg
University. This project has been carried out between 1st of Felir@m May 2012

On the base of the study and results of this thesis a paper was winitieligent
Control for a DC Micregrid. It was submitted at th&7th International Universities'

Power Engineering Conference (UPEC 2012) in London, UK

Reading instruction

In order to simplify the reading of the project some details about thet weastructured

are presented. Detailed information about the literature used is illustrated in the
bibliography. References are shown as a number in brackets [X]. Figures and tables are
numbered in arithmetical order. Equations are represented like,(Whére X is the
chapter number and Y is the equation number. Appendixes are assigned with capital
letters and put in alphabetical order. For the values, the comma is used as a the thousand

separator and the point as decimal separator.
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Summary

The thesis covers the aspect of the intelligent control for a distributed system and
consists of sixth chapters.

In the first chapter a general introduction with the background and the goals of the
thesis are presented.

In the second chapter @view of the state of art of the miegrids was shown
considering the development of the electrical networks in the last years and the
introduction of DER sources. Focusing in the migrm concept and state of art, the
currently control topology methsdfor these systems and the different implemented
micro-grid and control topology used.

In the third chapter the implemented DC migrid has been presented, with the chosen
voltage level and its intelligent control strategy. Also the participation ahibeo-grid

in the electricity market was considered and its economical profit was studied with an
intelligent economical control. Different study cases are presented to evaluate the
optimal participation in the electricity market.

In the fourth chapterhe DER units are shown with different kinds of control methods
used for each unit, showing the fundamental concept of every technology used in the
implemented system, the chosen model for every DER unit, the different kinds of
control methods to increasket injected power, to balance the power flow and the
voltage level of the micrkgrid and the chosen power electronics for each unit.

The purpose of the fifth chapter is to build a series of scenarios by MATLAB/Simulink
to simulate the implemented miegoid. Four study cases are presented to show the
behavior of the DC micrgrid in different scenarios. The behavior of the system in
islanded mode, in grid connected mode, working with three master units and in a
cascade faults are shown in this chapter.

As oonclusion, it can be stated that the proposed intelligent control for the distributed
systems has been tested and validated in four simulation cases and the overall project
objectives were accomplished.
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CHAPTER 1- INTRODUCTION

1. Background and Motivations
The use of renewable energy in the world in the period between the 2004 and 2008
[1] grew by an unprecedented manner, in this periodatia production capacity of
renewable energy increased by 75F%g. 1 shows the emngy capacity in the
countries that have investedore in this field according to the data published in
20009.
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Fig. 1. Renewable Energy Capacity around the Waild

So the distributed energy resources (DER) amerged as a promising option to
meetthe growing customer needs for electric power with an emphasis on reliability
and power quality, all in a context of evolutionary changes from the traditiona
electric utilities. The DER may be connected into a mgnd and controlled in a
seltintelligent way for each unitg].

AC and DCmicro-grids may berery good elements for the integratiaf renewable

and distributed energy resources. In the recent ydascrease attendns about
these opportunitiekavebeen observed, smany studie®n the AC micregrid are
done, and thereforea more thorough analysis on the DC migral could be
performed. The DC distribution system has some advantages over the AC
distribution, the DC micragrid can easily be operated in a simple coordination
method because it controls only the DC bus voltagereover when the A@Grid,
which is connected with the DCiono-grid has fault conditions the DC miegpid

is disconnected and operate in a stalwthe mode in which the generated power is
supplied to the loads connected to the DC distribution systenther advantage is
the possibility of reducing the system cost and loss thanks to the only single AC grid
side inverter unit us¢d][4].



Some of the more important characteristics of the DC agdbcould bg5]:

o Super high quality power supplying is provided by distributed scheme of the
load side converters contributes, so if a short circuit occurs at one load the
other loads not are affeed.

o It is suitable for DC output type distributed generations such as photovoltaic
(PV) and energy storage (ES), i.e. batteries.

o If the power production is less than the power consumption, it can stop
supplying power for some loads intentionality by |eatk converter in order
to continue supplying power for high quality loads.

Nowadays,the losses in the distribution systems are an evident problem, as it is
shown inFig. 2, butin the modern digitaleconomy, demand for power quality and
reliability can vary significantly. Commercial customers with criticaimputer
systems require high levels of power quality and are often willingato for it,

while most residential consumers may .ndhis is evidenced investment in
uninterruptible power supply (UPS) by commeraabktomers to protect computer
and data systems from outaf§gds
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Fig. 2. US Electricity Flow, 2008, source: "US Energy Information Administration (2009)"



1.1 Subjects

In this thesis an intelligent control strategy for a DC mieggdd system will be
presented.
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Fig. 3. Micro-grid Configuration

The thesis presents a studied system consisting of two renewable generations, one
conventional generation, two energy storages, loads and control units; a
Photovoltaic (PV) generation unit, a whturbine (WT) generation unit, a battery
energystorage unit, an Electrical Vehicle (EV) unit, a gas en@®I€) generation,

an AC gridconnected power control unit and DC loads such are shown kgh&

The size of the micrgrid is determined on the base of the load and the renewable
generations, the energy storages and the conventional generation have to be able to
supply the DC loads when the weathenditions not are favorable to the PV and/or
wind-turbinegenerationsThis configuratioris shown in the chapt&rl

1.1 Goals
The thesis proposes an intelligenintrol method to regulatbe DC voltageand the
power flow when the maro-grid is disconnecteérom the grid, i.e. islanded mode,
due to disturbances, such as a fault and its subsequent switching incidents. The
micro-grid is kept in operation to meet therresponding load requiremefts.



Moreover the grid connected mode is considered to implement an intelligent energy
management that will schedule the energy allocation at minimum cost on the base of
the Danish electricity market. The expected output is constituted by the optimal
economic disptch of the generators in miegrid by using an input pattern
containing information about the energy price, the weather conditions and the
forecast on the energy load demand by showing the benefit to use the energy
storage.

The studied system with theomtrol strategy have den implemented in
MATLAB/Simulink, the results are presented and discussed in the paper.



CHAPTER 2 - MICROGRID

2. Introduction

The electrical network is the set of transformers and infrastructures that carry
electricity from the centers of productioto all consumersThese networks are
responsible tdransport and distribute the electricity generated from the source to the
final point of consumptionThey aredesignedto operatesince tle middle of last
century,wheremain production centers were dist&mm the final costumersherefore
from the standpoint of consumeasd the characterisicof plants based on renewable
energythe actual network is redesigning become moresuitable.Since this a new
concept of power grid iappering considering the capability to integrate an intelligent
control. In thischapter the state of art of #eenew topologies of power grid is shown
called Smart Gds. It ismakinga new concept of power gridghosecan intelligently
integrate behavior and actions of #ifle actors connected to thempoovide a supply of
electricity safe, economical and sustainalli¢hile many renewable power souraee
largescale and are connected directly to the transmission syateothere are small
scale and distributed renewable sources (e.g. solar photovoltaic, etweegesmicre
wind farms, etc.), hese sources, aldamown as distributed generationsave to be
located near consumption points within lewitage electric distribution to achieve
efficient and economical requisiteSo the development of micrgrids can be one way
to solvethesequestionsNowadays, emerging power electronic technologres digital
control systems makes possible to build advanced ngiids capable to operate
independently from the grid and integrating multiple distributed energy resodces.
review of micregrid is presentef], by showing the concept of AC and DC
distributions mode and their advantages and disadvantages.

2.1 Smart grids
The European Technology Platform defines the Smart Grids as the electrical grid that
can intelligently integr@ the behavior and actions of all users connected to them
(generators, consumers and those who generate and consume) in order to work
efficiently, economically and ensure electricity supdlly

A Smart Grid has innovated products and services, also intelligent monitonigpl
communication and selfealing technologies to improve the connection and operation
of generators of all sizes and technologies, allow consumers to play a role in optimizing
the system operation, giving consumersre information to chooste bes option for

them. Also reduce the environmental impact of electrical system supply and maintain or
improve the existing levels of reliability, quality and safety system supplyexample

of smart grid is shown in thHeg. 4.
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Fig. 4. Smart Grid example

Smart Grid technology stems from attempts to use consumption controls by measuring
and monitoring systemsSince1980, the meters breakers wesed to monitorhte load

of millions of customers, andhi1990 an advanced infrastructure was implemented to
detemine the amount of energy usatddifferent times per day.

In 2000,in Italy the first Smart Grid projeatas createdspanning nearly 27 millian
households using smart meters connected via a communication line.

The Smart Grid maintains constant communication, to be able to control the system in
realtime andit is able tobe used as a bridge to the creationndélligent systems for
energy savings. One of the first implemented devices was the passive demand to
determine the frequency variations in the provision of energy in ljeines

Recent projects are those thae wireless technology, or Broadband Over Power Line
(BPL) . The networ kos monitoring and synch
Bonneville Power Administration created a new prototype sensor. This sensor was able

to analyze anomalies in the power qtyabf the electric system in large geographical

areas. This led to the first Wide Area Measurement System (WAMS) in 20Q9O.
technologyhas also been integrated by other count@¥sna is building it, expecting to

complete it in 2016.

NowadaysSmart Gridshavea large amount of research activityhe EPRI IntelliGrid
initiative has proposeé to createa new electric power delivg infrastructire that
integrates advances aommunications, compung, and electronics to meet teaergy
needs of th future ando facilitate the transformation of the electric infrastructure to
costeffectively provide secure, Hhieguality, reliable electricity products and
serviceflO].



The EPRI Advanced Distribution Automation (ADAbdbjective isto create the
distribution system of the futurdt has to be a highly automatsgistemwith a flexible
electrical system architeceioperated via open architect@@mmunicaibn and control
systems. As theystems improve, they will providedreased capabilitie®r capady
utilization, rdiability, and customer serviagptiong10].

The Modern Grid Initiativefocus on the modern grid as a new model of electricity
delivery. It sees the modergrid as asystem that utilizegshe most innovative
technologies in the most usefwannerby creating an industiypOE partrership that
invests significanfunds in demonstratioprojects.They will address key barrieend
establish scalability, broad dpmability, and a clear path tdull deployment for
solutions that offer compelling benefit9].

Each project will involve nanal and regional stakeholdeexd multiple funding
parties.

2.2 Micro -grids
Even though a standard protocol to define a migidd o e s n § thereeare icestain
characteristics ithe existing micregrid systems. They arcomposed of interconnected
distributed energy resourcesich provide continuous energy capabfesupplyng the
internal load demand. A micgrid is selfcontrolled and capablef working in grid-
connected modend possesses independennirol capableof controling the micre
grid on islanding mode when a grid service interruption take® pldg.

These systems can maximize the useeaewable energy, increase the power quality
andreliabilityleve | f or | oc al[ll]fl2l.st omer 6s | oads

Micro-grid concept haa long hstory. T h o ma s  Rvdsithe first 6ns to implement
a MG in 1882the Manhattan Pearl Street Station, due to the acerdtalizedyrid was
not yet implemented. By 1886fifty-eight direct current (DC) micregrids were
installed. Howeverthe ewlution of the electric markahdustry changedto a state
regulated monopolrC market, ending with themicro-grid developments

Nowadays, a variety of studies and investigatiares convergingo evolve the electric
model to implemeninicro-grids. It has becomelear that théundamental architecture
of the 2d" centuryelecticity grid based on a unidirectional power flisvobsolete.

The first 0 modegrichwas buift dtthe Whithng Refinery in Indian
with 64 MW of installed powerThis micro-grid was based on fosdileled generatian

Between now and 2015, over 3.1GdY new microgrid capady is projectel to be
implementedworldwide. As shown in theFig. 5, the United States is the cant
leader, withexactly 626 MW operating at 2010,and that capacitys expected to
increase to 2,352 MW by 20[1153].



3,500

3,000

2,500
§ m North America
= 2,000
£ B Asia Pacific
(&)
E 1,500
g Europe

1,000 B Restof World

500 ‘l
D T T T T T 1

2010 2011 2012 2013 2014 2015
Fig. 5. World Capacity of Micregrid [13]

At 2009,in the United States, 322 MW obllege campus micfgrids were up In the
U.S., 40% offuture micregrids will be developed in this markeegment, adding 940
MW of new capacity valued at $2.76 billion by 2qQ13].

The micregrid can be classified a&C micro-grid and DC micregrid, depending by
distributed sources and loadseaconnected on the basis of A@ DC power
transmissionAC micro-grid has the advantage utilize existing ACgrid technologies,
protections and standards, balso needssynchraization and stability for reactive
power.

On the other hand, DC micgrid hasan easier contlomanagement and the benéhat
could eliminateDC-AC or AC-DC power electronics convertamjuired in AC micre
grid for thesources andC loads,providing more efficiencylower cost and system
size. However, DQGnicro-grid needs further resedr about proper operating range of
DC voltage and protection devicdésr the DC systeni14].

To resume, the DC micygrid has the followingadvantagesverthe AC systers

Each Distributed generator connected ttee DC micro-grid system can edg be
operated in coordinatiopecaus@nly the DC bg voltage is controlled.

When there is a fault or a interruption on the-g@ system the DC system is
disconnected fromhe grid, and then iis switched to the islandemperation in which
the generated power is supplyindpe loadsconnectedo the DC distribution system,
even I f one |l oad 1 s disconnect egdd[2].it doesn

There is only a single AC gridide invertemeededtherefore the unit system cost and
the power losses can be reduf®d

If power consumtion becomes more than powsnduction during log term isolation,
DC micragrid can stopsupplying power for some loadstentionaity by load side
converters in order t@ontinue supplyig power for highpriority loads. It is also
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possible to fam dc loop configuration at theic distribution partand to share the power
betweerother dc micregrid system@}][5].

From the viewpint of the system extendibility, reliability andairtainability, theDC
and ACmicro-grid architecture and control allows to:

Connect or discamect more loads to the actibas.

In the near futureno changes are needed if some units with diffegpemter ratingsare
conneted to the gd.

Depending the kind of used controg signal and data communicatiomsededcamong
the existing units].

2.2.1 Control

A micro-grid has tobe able to imporbr export energyfrom the grid, control the
power flows, and balance the voltage bus levd@lo achievethese objectivessmall
generators, stage devices, anbbadshaveto be controlledUsually, thedistributed
sources (PYsmall wind turlnes, or fuel cells) or storagkevices us@owerelectronic
interfacedo connect them witthe micro-grid [15].

Accor di n gharacterizatitneof tfieQMicegrid i n  t h emicro-gri8soare
separated in different classes based on the control topology.

Proposals fomicro-gr i dés contr ol can be grouped into
topology16][11].

a) Simple Class or Virtual6 Pr i me Mover 6

In this topologya central controller measurescno-gr i d0s st ate variabl es
the information to all the distributed generators using fast telecommunication. This
topology creates one virtual power supply unit which controlghallsystem behavior.

This control is based othe telecommunication systent;the communications fail a

backup control is neededAlso it is restricted by the limited numbers of
telecommunications channels availaliteerefore if some DG is added anéthe i snodt
available more channels, the central controller has to be replaced.

b) Master Class or Physical O0Pri me Moverd

In this topology a large central controller unit, usually an energy st@gsiemor a

generad r i's contr akl ednile taoseidt power Howsaandibalance

the voltage level iman islanded mode The other Isawuecebsnjaedt ia
current to the ntro-g r i d 6The disadsantages of thisrtool is the dependence on

the master unit, therefore it has to berdiability central sourcdi.e. overall system

reliability), also if there are future changes in load or mgegoeration, the central unit

would have to be resized again.



c) Peer to Peer or Distributed Control

In this topology each units responds autonoryotgsvariation in local state variables,
as voltage magnitude or power flow. This local control determines transient and default
behavior.The commutatiorfrequencyof eachcontrollerunit has to be enough fast to

ensure stable operatiaf the micro-grid.
location ensures voltage and frequency stabilitjhe power flow has to be controlled

An

Ai htoelall i gemtt d ol

on islanded mode to balance sources and loads without voltage disturbance.

In theTablel, t he

Tablel. Classification of micregrid control's method&7].

di fferent

control 6s met hods

Al |

Simple or Master Control or Peer to Peer Control
AVirtuaMoWwern| Physical or Distributed
Mover o Control
Specific All generators acts as one Without Master
Characteristics central power plant generator control the Control. Each
voltage level and the| generator has a local
ASl aveo control controlling
acts as a current | voltage, frequency an(
power.
Common Multiple sources injecting power on several loads
Characteristics multiple locations.

the components

bus.

Event detection and response control

The control strategy for a Btributed Energy Resource unit & micregrid has to be
selected depending the required functions and scenarios. The promipal functions
for norrinteractive control methodre active/reactive power control (PQ contrahd
voltage/frejuency control (V/F contral)The droop control is used for interactive or
distributed control when the system works in island mdde corrol methodof a
DER unitdependingo the scenario is shown Fable2.

Table2. DER control method depending the scenfi&]j.

Control Method

Grid -Connected Mode

Islanded Mode

Non-interactive

Power delivered by MPPTs converter

(PQ control)

Voltage and frequency control

(V/F control)

Interactive Power dispatch, Active and reactive

power support

Droop Control

In the Table 2 the control

In the interactive control methodhd power electronic convertemmve two separate
operation modesf they are connected to the grid they follow the grid inverter, acting as

method isclassified

into nosnteractive control ad
interactive contrglL8]. Thefi i n t e rcaentrdl methedbeanghatthe output power of
DER unit dependen the conditions of other souroasloads.
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a current source. And they act as a voltage soifirtke micregrid is working in
islanded mode

With the aim of onnecting several parallel converterthe droop method issually
implementefll9]. The applicatioa of thiscontroltopologyaretypically industrial UPS
systemr islanding micregrids[20]. Droop controlis a method to achieve the pder
peeror distributed contromentioned in Table 1. This technique is a way to make the
inverters in the micrgrid system to perform a load sharing fuoctin islanded mode.

In the droop methodactive and reactivpower flowscan be controlled byhe phase
and tle amplitude of the converteoltage

The droop method can be expressed as the next equation$lgjows
17 1° 0O0i 0 0 (2.1)
0O 0 0Oi 0 0° (2.2)

WhereE is the amplitude of the output voltage,is the frequencyy* andE* are the
values without loadéreference valuesand Gp(s) and G(s) the transfer functions

The unbalance voltage between parall@ntrollersis causedby the current that
circulates in thesources To reduce this currenta virtual output impedance is
programmedto emulate physical output impedance. This virtual impedance has not
power lossg21].

2.2.2 Real micro-grid overview
Some examples of iero-grid implementations are shown below:

There are good examples like the ConsortiamElectric Reliability Technology
Solution (CERTS) micragyrid. Composed by three combined heat and power asurc
(CHP), driven by natural gas, connected in parallel with energy storage systems
integrated by di-directional DC/DC converteEach unit hasheir own controlmade
by P-f and V-Q droop lire and P control loops, this control topology is called Peer to
Peer or Distributed Control, because there is not a central ¢@é{rahe microegrid
model is shown irfFig. 6.
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Fig. 6. CERTS AEP Micregrid [16][22]
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In Mad Rivera micro-grid has been built by the Northern Power Systems. A central

MG controller controls the medium voltage switch and the loadsT her e i
unit like a Energy Stage Systemthen thecontrol isSi mp | e

cl

ass

or

Mo v emade by dispatching signals using fast telecommunicaficjq14], the Mad

River micragrid is shown irFig. 7.
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Fig. 7. MAD River Micro-grid [16], [23]
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The British Columbia Hydr@oston Bar MGs able to supply a feeder with 3AMW peak
load, has a 8.6MVA of hydroelectric generatioriThe system effectively employs a
single large generation station to control the netssigbem behaviofhe topology of
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the control is a Master class o Physi c al

model is shown irFig. 8.
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Fig. 8. BC Boston Bar Micregrid [16], [22]

Japan is one of thmodern leaderin the micro-grid sector, though most of itmicro-
grids includegovernmental and other institutional customers.

The Shimizu Cquoration has buila large scale mro-grid in Tokyo, Japan. Composed
by 4 Gas Engine models, a PV array and three ESS (ataddattery, a NiMH battery
and a ultracapacitor) All these sowcesfeedthe Shimizu laboratorie§ he control is
made by a Central control without a Master unit, therefora 8mple class oVWirtual
APri me [18]p[24FthedShimizu micregrid is shown irFig. 9.
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battery gss Power Power ESS 400kWh
‘ Electronic Electronic ‘ | NiMH battery
Interface Interface
10kW PV PV Power " Power | ESS | soow
Cells Electronic Electronic I Ultracapacitor
Interface Interface

Fig. 9. Shimizu Extended Micrgrid [16], [24]
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In Hachinoheas useda privae 6kV feederThe private distribution line was constructed
to transmit electricityrimarily generated by the gasgine system. Several PV systems
and small wind turbines are also connected to the rgicco At thesewage planthree
170kW gas enging and a 5&W PV system have been installefihe system is
controlled by a Central Control Systemithout a Master unitvhosedispatchesignals
using fast telecommunication¥herefore, the control topology is a Simple class o
Virtual i P [16], i2§,the Naxel is shown iRig. 10.

GRID
TN ST 40KW Load
>
Power PV | jowey
- Electronic Cells
Interface
Power Power [ P cokw Load
Electronic Electronic
360KW
Load Interface Interface
i Power TN
| pv TN Electronic { G \ G;i'frmgd
[ G | | Interface )i
/|Cells B E— g
' NS
10kW PV 2x2KW Wind 46KW Load
| Turbines
—————————————————————————————————— Central Control System |- 10kW PV
| Power PV
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Electronic|  Electronic GG ) |G
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PV ESS L Electronic|— g | "™
" Interface \
Cells { = | ~
46kW Load

50K PV 100kW lead-acid
battery

Fig. 10. Hachinohe System Micrgrid [16], [25]

Nowadays, DC micrgrids are an experimental issue, there is implemented a DC
micro-Grid in Sendai, Japarsuch it is shown ifrig. 11 [26]. This system is pready
underconstruction andsi planned to include B0 kW of PV micro-generationiwo gas
engines, a molten carbon fuel cell, also there is a battery backup fed through a DC/DC
convertey to supply aull Uninterruptible Power Supply (UPS) badk to partof the
system and supplies some DC loadikis system is able to feed different kinds of
power quality, a Premium power quality without voltage sags, a high quality power
with voltage sags less than 15 ms, and the normal power qulaistygystem is shan in

theFig. 12[26][16].
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Fig. 11. A picture of SenddbC Micro-grid [26]
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Fig. 12. Sendai ProjecMultiple power quality supply syste[t6], [26]

Also in the Mayway Labs in Akagi @pan)there is implementta DC micregrid of 10
kW conposed byfive units; thesolarcell generation unit, theind-turbine generation
unit, the battery energgtoragecontrol unit, the flwheel poweileveling unit, andhe
ac-grid-connected inverteunit, Fig. 13[27] .The power generated by the solar et
the wind turbine is supplied to tlke loadthrough the dc grid. The inverter sends the
surplus power into thac gird when the battery isfall charge. When thamountof the
power generation is insufficient, thieattery dischargethe power into ta dc grid. The
inverter takes the pasv from the dc grid system when the batteagno power. The
flywheel smoothegshanges in power genéian. The changes are causeddmangesn

the sun and/or wind conditions.
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Fig. 13. Implemented Micregrid in Mayway Labs, Akagi (Japaff7]
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