Viet Nam Ministry of Industry and Trade
Energy Partnership

Group

Toward 100% Renewable Energy
Implemented by
Hop tac

Dac giz .. TO 0 R E EE A B

VEPG Technical Working Group 3 Meeting, 27&28 June 2022
Jer O O

Smart grids: International development trends and
potential solutions for VN

Presenter: Dr. Nguyen Duc Tuyen



Outline

Smart Grid Perspective

2 Vietnam Smart Grid Fact

Smart Grid Research Topic Trenc

4 Discussionand Recommendation

Conclusion

wwwwwwwwwwwwwwwwwwwwwwwww




Outline

Smart Grid Perspective

wwwwwwwwwwwwwwwwwwwwwwwww

» B
o




Smart Grid perspective

Smart Grid Circumstance

X Number of motivations for enhancing Smart Grid

Plenty of research papers and conferences during 2011, 2012

Smart Grid mentioned again from 2020 with number of reports

Grid development is gradually an obvious smart grid one

Smart Grid test best and demonstration projects are condu

prevalently worldwide

x |CT, loTBlockChainAl experts are involved into Smart
research

X
X
X
X

ed

CGlxrd vri18a GKS aN:;Iﬁe
application of digital, cyber infrastructurg

working with the physical system to
perform the functions of sensing,
communications, control, computing, ar|d
data and information management to
inform planning and operations. r

Portfolio Sources

IEEE Transactions Smart Grid V4
IET Transactions Smart Grid

IEEE Power and Energy Magazines
IEEE Access

IEEE Proceedings

Elsevier Transactions

IGST Asia, IGST Europe Conference
Worldwide Reports on SG Implementation

SR C RO O D =

An electric platform Q/vill ensure an ability to
improve aspects such as resilience, security,
efficiency, and affordability while addressing

uncertainty for future technological options and
changing customer preferences and policies.
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What Is smart grid?

SMART GRID TECHNOLOGIES ACROSS THE POWER

Conventional

Generation Transmission & Residential
m Distribution '—. Smart Control/
Nuclear 3 Smart Applicances
Production Power import %Qi-
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Remote Control / Condition Manitoting / E m
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Smart Meter/

Transmission Grid Automation Inteligent Smart Switch & et Meter
Automation Infrastructure
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Distributed
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Commercial & \
Renewable VO "‘_" Cldl & —— N Generation
Distribution Generetion Industria _I. .i. i T

Uni-Directional Bi-Directional L J = E a Energy Storage % it
EPN S UITTrren g |

Power Network e

y . o Car Park with Electric Vehicle Charging Distributed Energy Smart Building
-V A Telecommunication = = = = = = = = = ~ Management System
Consumer \
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L = = . . e
Passive e New Technologies Enable Flexibilities
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11/2: Resolution of

Vl etn am S m art G rl d Politbur,o On Orientatjops ]
2F¥ UKS zASU | blYQa bl UA2Z2
Report for Energy Development
Development the result of Strategy to 2030 and
strategy of proposed outlook to 2045
Renewable Indicator Set
Energy of By EVN
O Vietnam by 2030
< with a vision to
g 2012 L %0 2016 2019 2021
S~ N7 Y~ N7~~~
@@ (@) (@)
2015 2017 2020
Prime Minister 18/3: Approving revisions to the 1/10: Approval of the 17/8: EVNHANOI
approved the national power deve|0pment p|an from terms of reference for completed its 2024
Scheme on 2011 to 2020 with visions extended to the development of the 2025 detailed smart
Development of 2030. national power grid development
Intelligent Power 21/3: Approving the indicator set for development plan for roadmap.
Grid in Vietnam SOl fdzZ GAy3 +AShylH Y Qthe 20-2@Rperod O (| Navember Revised
development. outlook to 2045 Power Power Development
13/4: Program to improve the Development Plan VI Plan 8

efficiency of the operation of the
power system
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Vietnam Smart Grid

SCADA CONNECTION RAT

Connected and

Power Plant Total Remaining .
! Year Connected ) sufficient
/ Substation Amount connection .
signals
12/2019 Quantity 222 222 216 199
Power Plant %
> 30MW
( ) 12/2020 2l
| 1212019 | RUNtILY 32
Substation %
500kV 36
12/2020
. 12/2019 Quantity 134
Substation %
220kV
12/2020 140
| 12/2019 Quantity 841
Substation %
110kV
12/2020 869

Remote meters at 110kV+ substations

N

m Mechatronic Meter m Digital Meter
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Smart Grid Research Topics

Smart Grid Topics

o

X o

x  Smart Meter Infrastructure x  Prices Forecast x  Grid Resilience, Robustness, Uncertainty
x  Wide area monitoring x  Block chain, Smart Contract x  Optimization, Multtagent Control

x loT Service x  Peerto-Peer Energy Trading x  Energy Storage Management

x  Communication Standards x  Power, Load Forecast x  Smart Wide Area Protection

x  Cyber Attack x  Electricity Theft x  Stability, Life Estimate using Al

x  Data Management x  Varied Load Impact x  Smart Transformer and Transmission

x  Secure, Robust CommunicatioX ~EV Smart Charging x  Forecast (Power, Fault)

x  5G, wireless x  Smart Home Applications x  Flexible, Interconnect ADC grid

TOOREEAB
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Smart Grid Communication Systems

§. 1= - B
.2 Er;nt:rtmnse SCADA Master Station T Nl
Human Machine sy TR
2 Applications * Interface (HMI) / Control Center mé_: i
- = W
8 ] = =
@ 2 i! i! \JSCADAMaster | .
)
o o> i
. COMMUNICATION
L
a @ NETWORKS —_
| > ==
Q : Mnﬁ»m[t;plﬂ:i:ﬂ'l“.-
Remote Substatio R
% BE /
£ L Q RTU/PLC BEE a1y Remote
2 Utility Assets - LR [ Substation
% f 3 \ E E E é 7 Lochlkmi \
> N Distributi Ethernet / IP- -
§ 0 > e ep ook B AR
Sensor/Actuator Level

Network architecture for the next generation smart grid

A hierarchical smart grid system integration map, Power grid SCADA system
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Mleasared (ata

Data-driven Operati

V4
In developing aQ1art grid, the
measurement technology used
plays a crucial role.

Nng Power system

The twolevel linear state estimator

Aypticatins

Comnards and Controly

system:

To o o Do

BAIHOC

Control Center -
Maintenance
CBIND ¢ 2 Equipment
Con nection /_,.— /Equipment Parameters
- Connections 4
Topology State
Processor System Estimator

TOOR

Toward 100% Renewable Energy

EEA

Topology
Digital Analog
Status Measurements
Power é;«a’f: 2
Closed loop system for smart monitoring and control of power SCADA
Measurements and Sensing
Communication Substation
Processing Equipment and Programs Substation RTU Substation
Acting on the System Based on Obtained Information RTU -
Model aggregation for simulation applied in wide
area measurement system (WAMS)
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Smart Grid Data Flow & Analysis & Managemnet

Integration of edge computing (EC) to existing cloud
computing (CC)system/ centralizedcontrol for data storage
andprocessingervegeaktime operationand control

[Perceptual tayer (edge devices and sensors)|

]
FRERRER ESstEng m— i E
£ 1 EC as data fusion node ! i s - Operational System Adaptive Visualization Managing Grid Resiliency
. v ) - ; Collected data i I § O?Grftlc}nal Effectiveness || performance || analytics renewables || Management || analytics
, | E— Networkayer 1 5 - ' ' ‘ :
> / Q ! heterogencous) | : 2 i s | 3 :
= ' || Power wireless private naw::. AR \aN Smart Metering Energy Asset Demand || Energy D:'yﬂn‘;:‘ngu
household High-defini Unmanned p > PowE - et Enterprise i P analytics .
appliance and sensor  camera and monitor  aerial vehicle  [<or ey Z;‘&:_:Tmm’":m?h Rene\;lable Energy ™\ t -I e : Analysis
' i , Ethernet, ... ources
% i Commands from EC 4
f m ‘ | ) Customer | | Demand | 'nereasing || Nondlinear | cugiomer | sentiment | o™ || gnhanced | uaiiy
\ e - L o Profile || Customer Segmentation || Analysis e Billing || communication
L ! 25 X ! i ) value rameters
Electric vehicles _ Smart meters Renewableenergy | | ECondeviee . : s Smart analytics T T I T I I I T
T = s ' ' EC layer (EC nodes) | rid H
SCADA System ST Satellite | ! Collected data | yer ( — ] e o - Events
PRI = = ' (massive) ! Data decryption acceptance, —= 1 | analytics Event Identification || Classification || Filtering Correlation
DATABASE “°°  pLC | | data standardization, pr— ) Iy 1 T
ey <:i_| data lusion and analysis, Distribution Automation & .
' . i data processing and storage, | Applications )
[ e T et Commands from EC data encryption outgoing, ... Control 1 ,’\ Electrical ||  Topology  Parametric Asset
Sensors in SCADA system Phasor measurement unit (PMU) e Smart Grid State
- i l i analytics T T T |
B iy ~ [
Application layer (CC nodes) i ;
pplication lay 0 b = . \ Substation s::'m meter || senser
b | waveforms data ignal
Decision making, —_— [T " Pre-processed data Power wireless private network, = 71}\) ,\k“ ‘ mSIngI;:u waveforms signals
carly warning, - Energy "> publictclecommunication network, Outage = o i : ! I I
state estimation, g optical fiber ication network, 8 - 5
benefit analysis, (RS i L pove: commumkcation etwark. o Management Power Quality and
record storage, [ 8 oy A oo — Enabling Plug-In Hybrid Vehicles Planning
terminals EMS

A comprehensive architecture of EXC system in smart grid

Identification of
Problem Areas  Low Cost scalable

Smart grid as enabling engindepiction of opportunities Scope of big data analytics in smart grig
infrastructure for Data Sources Big Data Analytics
trn::::f‘n;ﬂdg to Platform

‘Theft Monitoring
and Oporational
Transperancy

Weather, Events
I T

[t e

[ |

VA
1 | Conneciion
Load Analysis ing Load Verifieation

[

- ma e . Equipment, Sensors
‘Bad Data Forecasting With Customer M;’m-w —
- tion Individual Me Cl i nagement
F Detec ividual Meters 3
- 3 —
E - =) B il [Q]
= Nan-techaical Forecasting Without Demand Response. =
= Loss Detection Individual Meters Program Marketing Compression Customer, Facilities
H @ s [ OZs VD b ‘ v Load ’(’v
Load Probebilistic Demand Respense Data - \.’
Profiling Forecasting Privacy . -
Fault Location Load diagram i i i i \
and Identification and accurate echmiques: T Seres Analysi. Dimension Reduction, Outler Detecion, Classifiatir, ==Y ==, ===
demand profiling Clustering. Deep Learning, Low Rank Matrix, Compress Sensing, Online Learning, elc.

Detailed Analysis
and behavioural
Insights

Highlevel view of the flow of data into the utility Big data analytics process
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Smart Grid Standards

Generation

/T Distribution
<

Transmission =
>
.
* Smart Meter
* In-Home Display
« Hi-Efficiency Appliances
* Customer EMS
A * Gateway to Distribution
>
& ”

TCP/IP Transport with IEC 61970, 61968, and 61850 ANSI C12.22 Zigbee/Homeplug
for Data Exchange Wide-Area Network (WAN) Local-Area Home-Area
on WiMax @ 1.8 GHz Network (LAN) Network (HAN)

WAN,

WAMS, Super PDC

”%:H

o= /T\ Local PDCs

=1 "» s

)
SRIUD) [ONU0) 'VAVDS

1
RrU ] NN

Sensors and
Instruments

Conunon Standards

*  Wireless: RF Mesh, WiMax, Cellular stds
(3G, 4G, LTE), DNP3, ModBus

o Wired: DSL, Ethernet, Optical Fsiber

Common Standards Common Standards

*  Wireless: Proprietary protocols (Z-wave, *  Wireless: IEEE 802.11/802.15.4/802.16
ZigBee) s Wired: Ethernet, PLC, DSL

o Wired: Ethernet, PLC

Main data communication standards

Data Security — IEC 62210
Security — [EC 62351

Safety — IEC 61508
[EC TR 62325 (Framework for energy market)

¥
CIM EMS
150 = = IEC 61970
Lser User
EMS Control DMSControl
Centre
CIM
IEC 61968
IEC 60870-6 (-2)
(ICCP) {EC 60870-5
DNP 3
IEC 62056
Local Control Centre [EC E1107 Q
Customer
Meter
Substation 1 Substation 2
IEC 60870-5 ] IEC 60870-5
DNP 3 Station Bus DNP 3
‘ IEC 61850-8-1
PMU
IED 1 IED 2 Tele [ED 1 IEEEC 37.118
RTU| £ Protection
IEC 60834
| Process Bus |
Powe IEC 61850-9-2
er
Generation Power System Power System

SCADA and smart grid protoco
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Smart Grid Security (1)

~ Control
Electricity  Center
Merket Consumers
'\"b.:; U communication ""-i<..\
network  pwacker >

Communication
Links

—_
Power flow
Link

Power Distribution

Generation

Transmission

Cyber attacks have the potential to threaten multiple
layers of the cybephysical system of the grid

Corporate world Internet
Physical 2t
World
Firewall
Server

Cactuation JNE < N scrsing

Business/corporate
network

Firewall
Front-End
Control center % processor SCADA

Server
:

Attack Point

Cyberphysical systems

WAN SCADA Network —
e = Feeder
-J( devices
ATS (SN oetatervr
Local Network \ Local Netwob
HMI interface HMI % interface

Input/
Output
points
| [ R
@ 1
Eqmp‘n'_lent Rem]ote Feeder
lnpuuputput Input/Output EDs/ Condition

SE access | devices
PO points Met;r's momtxmg 1EDs/

QUANG NAM POWER COMPANY

Googh

Relays

Substation A Substation B J
- o

Cyber Security of Data and Power Systems

(EVNCPC Quang Nam)

Security threat points in a SCADA network

To aLHL % Rel

TOOREEAB
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Smart Grid Security (2)

Generation
4 Userds Privpacy Non-malicious ——
Large number of access points attackers t TT Generation —
- - L y @ Utility ——
Physical security | . A CGenerators  —7— <J
< Frequent Updating of network OnSUMers Transmiss;o{ \ ( ) WAN 5
% components @ E 3 % ~— N/ = e
=
, -‘ ? Distributi
8 Wholehearted trust among Cyber Terrorists 4 <o ‘:’l‘m‘:;“’“
. : a .
5 conventional energy devices attacke_rs Chpctents. ) (f N |
= Dissimilarity between Teams | categories o el Distishnitian ( ) { " NAN SCC(::tZl
o) nternal Employees
0 Use of Internet Protocol (IP) and C S - _ S
commercial off-the shelf g
hardware and software Neighborhood provon
Rivals
More stakeholders | () HAN
(|
—
Homes/
Cyber topological attack Pty

Attacker

Ramp down  Ramp up
©

—

|
o
©,
e
@
o
()

2 X — ol

& E La e Utility Price Information T

2|5 Defender L Control Commands > or v eter
2 L (1 e

— | == T e, =

i v ¥ T L L J b SEETTT TR,

Cyber defense | ‘ Shed Shed MR gt
Information flows to/from a smart meter including price
Cyberphysical risk mechanism information, control commands, and meter data
Toward V:;mmmmt Energy
TOOREEA
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Control Architecture of Energy Management System (EMS)

Grid / voltage regulator
(Upper level)
|

Aggregator / Transformer - »  Two way Communication Flow
Voltage regulator (middle Level)
. (OLTC) . 1 -+ Power flow
Transmission line ™
- . « Home
Distribution (Lower Level)
Transformer |

IEC 62056
IEC 61508
IEC 51131

i IEC 14543
\ IEC 61499

S % &
@m&&

\EC B2326

|EC B16TO
Aggregator

1 km-100 km Y #

Meme ppliances

T o
Wide Area Network 100 m-1 km
I

N 0-100 m i
Field Area Network T
Local / Home Area Network

Conceptual architecture overview of different level of EMS

Network upgrade Net present value of
component

Payback year

Annual cost Project installation

Penetration level of DER )
Maintenance

Project Investment

planning cost

Reactive power Operation

deviation Capacity adequacy cost

DER income
Net saving

Real/Resistive

Distribution line Network

power losses Benefit to cost ratio

Reactive/inductive v .
— Capacity adequacy cost
Emergency demand Pcalgrt)ad
reduetion —

_—— Power and energy
losses

Number of
switching actions Stability o Overalll power |?SS€S
Voltage and - during operation

Er:qu_cucy ) 7-""-*--_,_‘ Planning
Frequency, stability "4 component cost
variation ,

Deviation Drop

Revenue

Reinforcement
component

Overload of
Nodes

Voltage THD
Reactive current component

AN Electricity service
Techno-cconomic  Reliability of quality
Hazard DG System l"alilu.reU“it Y its for

consumer

Comfort level
Flectricity service

quality

Technical and economic objectives of EMS at different level

Toward 100% Renewable Energy

25/06/2022

TOORE

19



Flexible AC Transmission Systems (FACTS) & Resilient AC Distribution Systems (RACDS)

Traditional FACTS and RACDS devices: (a) TCR, (b) TSC, (c) TSSC, (d) TCSC, quisgyonviérter

POWEI' eléCtl'OﬂlCS + Contml

Distribution Distribution
Substation | Substation 2

I, TRANSMISSION LINE 1

+ Ver- --)_--"'V(z
Role of power electronics in FACTS: (a) Transmission ne
without FACTS and (b) transmission network with FACTS

- RV PR S M

B VR B T
o = _TRANSMISSION LINE ) 5@8 J %} % — E% 8
3 @ r//;\m { _F .I .“' Q@@ ) \ / .ﬁ
A wm@ ‘[f-£ @mg )
T Ki AN ‘£ 4
Dlslrlbuted Backup Power Public  Critical Dlstrlbuled Local Power

Conventional 4 & 5\1‘\) Generation Generation

power plants,

Transport Loads Generation Generation

(=N \ lllustration of the distribution network in a smart grid
'fﬁ%/ca:% THE G

Renewable
energy source

Bulk
Industrial load

—( Microgrid )

Controllable Distribution Network )

Different configurations of FACTS for sragnitl: (

(a) shunt, (b) series, (c) sersisunt, and (d) bacto-back RACDS

Meshed Distribution Systems )

_>( Controllable Distribution Network )

Toward
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Distributed Renewable Energy Integration

Source: 2010, Alex, IEEE Proceedings

Remote Wind
Farm

Renewable
hydrogen

12kV AC Bus

Legacy grid

] & User Interface

. 4 o - y
Market & &%
Economics . e
Y > ii

Energy Router 400V DC BUS

0 KVA
120v Ac\ SST

) A
P‘ug & plgy interface
]

Plug &play interfece

\

7d 1[4 7 &
DG G AC
] |

UCAP/

PV

Variable
AC

EREEDM Distributed Grid Intelligence (DGI)

Substation

Traditional power grid

Envisioned system based on wiseale use of
Distributed renewable energy resource and storagg

OAD OAD Li-on it

The interface of a future home in the Envisioned system

Solid State Transformer

The SST typically includes a
high-voltage ac to dc power

conversion stage, a high = P anay

frequency DC/DC converter _ = Batey P70

stage to produce a regulated ¢ n,

DC bus, and a DC/AC stage to - Y

produce a low voltage w::.b:ne
-

regulated AC bus. Therefore,
an SST is essentially a three
port power exchanger and
energy router.

DC Bus

IFM @ Lg I
'
= ;
120V &
LOAD l DRER l DESD ) . DRER l DESD

Key elements of the Envisioned system

A FREEDM Future renewable electric
energy delivery and management.

A DRER Distributed renewable energy
resource

A DESD Distributed energy storage device.

A IEM Intelligent energy management.

A IFM Intelligent fault management.

A SST Solid state transformer.

A FID Fault isolation device.

A RSC Reliable and secure communication.

A DGI Distributed grid intelligence.

Toward 100% Renewable Energy
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Resilience/Self -healing Capability

i KI

9t wL K SaidAYlIGSR
sectors, the U.S. economy is losing between US
Pmnn O0OAfTEtAZ2ZY YR | {
70
604 2003 NE &
gﬁﬂ—
7 401
S 3p]  @1996WSCC
& 20- *mﬁiNE RECIEL
12' 1982WSCC 1977 NYC
0 10 2{] 30 r-'l-ﬂ EII] 60
Duration (h)

Major blackout events in the United States and

their associated impacts in terms of load lost. NE = Northeast; NYC
= New York City; WSCC = West Coast; MW = Midwest.

Benefits of Self healing
N

0] Economics
(i) Security
(i)  Safety
\(iv) Environmental y

Preventive Control

U Node-Branch-Based

Power Grid Model

Decision Support
Toolboxes

Power Grid Data

T “j

Restoration Dispatch
Actions

I

e

o

= Model e
Gnd Transient
Constrmms

Steady-State
Constraints

edromechan

Restorahon Strategy

A restoration decision support system

for system operators

25/06/2022
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Dynamic Line Ratings (DLR)

DLR
Analytics ISO/RTO Market
/ N A \ Line Communications Eneine Operator Interface
P 4 ' \ Solar

\Heatlng
é—%ﬂedrical
=== Conductor

& A..

Electrical AN &
i .."’f Wind® =
eating :
Cool
(Joule Effect) QoINS
Radiative
Cooling

. y

Factors Affecting Line Ratings

DLR systems help
determine the reatime

and forecasted current
carrying capacity

Sensor.~ P
BB =
&S

Line Rating (Amps)

:-----1-:_-, - Local
:a-“‘-i__ e Communications
: n | Gateway
l___j..--]

Environmental

Condition

Monitoring

=B B

Back-End
L EMS / SCADA
Communications
Master
Gateway

Dynamic line rating technology in transmission system operations

| Dynamic Line Rating

N\ /7/ /\ \ f

N '\/’\l

~ "_‘\ “HJ/-\ /
Ambient Adjusted};;Eg\_/\ \
em

Static or Seasonal Line Rating

G-

Transmission
System Operator
EMS Interface

\
f

~

Real-time rating lower than static rating

Time (Hours)

lllustration of DLR rating providing additional line capacity

25/06/2022
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Wind Energy in Context of Smart Grid

Interconnection of large wind farms with power grid can adc =/E=E8 T |
a new degree of control to the smart power system SRR 'E"“’"’“'”i?.é"ﬂ’;‘é'l“f:“'“
x A smart grid allow wind turbines as intermittent sources s s -
xAdvanced wind turbines with power electronics controls oo ey = ,Q?Epte?éga:;";w;';”;
and other devices can support a grid with active/reactive | Smmeve smnete N LVFRTvm;g:J:acﬁffcm
power and protect the equipment during severe grid - — > Measurements and dagrosi
disturbances. S—

Functions of the fullscale converter for wind turbine applications relevant
to Smart Grid. LVFRTV (Low Voltage Fault Ride Through).

| -

,\J
Acti
Inverter i Rectifier Offshore Onshore
Q>0 Q>0
P>0 Y2 o -7(' = On-shore
- Substation
_ Generation f - —=SE
Reactive
Power A U A
Concept of SVC with battery energy storage Absorption U4 72- 245 kV Subsea :
Q<0 Q<0 M| Cable transmissiol
If
& ¥ 108 . : Act‘we and m,a:n\‘e po'wzr : . P>0 P<0 :,’:—' >
! N S Active /}O Substation
5 _f" ;‘/ hll and . e
1 i ! . i \j ! _ reactive Collection grid .
z P s TN power Reactive
%3 : \ ot ; gt S \“ 4 output Pawar
£ : ] of the
z & [ convert gnSca capie va O CoTe 0
i e offshore wind farm with onshore power
< Reactie durlng a 1 a
Y5 18 a7 175 18 s 1o fault.

Time [s]
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Aritificial Intelligence and Machine Learning

Smart grid expert system Renewable power dispatch Energy markets

SG knowledge base
Rule and G
regulation Gl SG Database
engine knowledge
Smart grid cxp/v% 0 1 O 2

Sizing problems

Reserve sizing

05 03
04
Grid security

Reattime faults detection and monitoring Reliability assessment
Load prediction
Grid stability assessments

25/06/2022

Data

Data extraction .
Al-Preprocessing
collection from SG -
from SG vs Component

Al-Decision
making

s
-

Data Analysis

E
[

Atrtificial Intelligence of ThingsAloT) in smart grid

X X X X

nnnnnnnnnnnnnnnnnnnnnnnnn
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Control Storage in Smart Grid

Major Services Provided by Energy Storage to Three Stakehold

Transmission Distribution Customers
:______7 :'-__"7 :——'—"—7
| | Low-scal | oG
S | | [ 1 e Sioreae] EPS Operators Utilities Customers
eneration | || {1l «w) |
I | | . A :
I : [ : | : ] Transmission Time-of-use bill
[ ! 1 | R deferral management
: : AR : <1kV | Generation
& L ' n Distribution Demand charge
. Load levelling deferral reduction
I ol |
I I il | Increased dispersed
I | ill | . Resource G1spe
I | il | Peak shaving ad generation self-
| I I | adequacy ti
.. L3 & '3 conswmption
o -
3 L || Lowscae | E Non-spinning Transmission Backup
-4 | | Medumscae | | EnergyStorage | 8 reserve congestion relief ower
8 | : | EnergyStorage: | : 8 g p
| Large-scale | | 4l | 1stri i i
vy Soraom || ¥ | Black start Dlsm_buunnl Ij‘owcr quality
s SO e oo ) congestion relief improvement
Services to Services to Services to all
transmission ulilities utilities and stakeholders
and system operators  system operators Frequency control
Electric Utility Grid
Potential deployment of energy storage at different BESS/SCES ool Voltage control
levels of the smart grid —y Soinming Teserve
Switching P g
| Signals Step-Up - I '_ t f
- Coupli —_—
Measured ’— Measured Tmn;jz:nnr?er S — n Bg["‘d lon o
Vaniables b l Vanables variable and
actic Comerr N otage Sourcs verer intermittent RESs
ot | B Grid resilience
: strengthening
Bank of D Es,

e General architecture of selected distributed energy storage technologies: BESS/SCES sy

Toward 100% Renewable Energy
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Control Electrical Vehicle in Smart Grid

1 ! !
|
! ! I 55 . . .
: : ( : alleyilling performance of three controllers
" e '
| 45
. I g
I . P
! | Power generation : R
i D) L e e l 2
: . !
I
: ; Y e [} gl [
I ~ 3| o w, penalty 1
| - w MO w o penalty
| Workplace charging 5 § Lo Optimal contralter , .
(et R e s ARt = 20:00 0:00 4:00 B:00
Thme of day
T TR T 1
| :
| h
| o : ‘
_______________________________ I t 4
. ) S, g
| 3 - ! a1 o=
1 | =%
! o]l 7 : 1 Z
1 8B 1l ® g
| = ! A | O
I ° I
air) |l 2
: | o | g
. « . I .
: Charging station charging 1 Home charging : 5
Lo oo anea st o S e e e e D e s o Loy i R |
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Advanced Microgrid Control

System Condition Operation Mode Integration Configuration
w*
"o : . Communication
o~ N 1 Centralized Dispatch
PR DURSSSUUIU. USSR, SRR WSRO orma et . Configuration and Condition
M'C"’”d ol NN N ~  Restorative . Distributed Control Operation, Interconnection,
min . | ‘ i‘\ ./ and Interoperability Standards
an 5 TE—— O O e Fault Ride-through Microgrid Configuration,
/ (mm::) b @ v) ) Ownership, and Agreement
(! D a g §‘ Blackout ¥ Black Start with Utility
.\E E LT Ennﬂ;y markets
.\"V / Waoather forecast
Primary control: Conventional droop characteristic _
Operation modes of Networked Microgrids
EE | (@) B droop. (b) QV droop Y g
i; Caritral f J/:|" —+
3 Frimary ] .
Cariral | ‘o Infrastructure hardening
Sacordan Microgrid _+ . : . . .
e Nateror Planning [® Flexible resources installation for
: : : networked MGs
* Tartiary || e
L
oA rm_)(-} ‘ _+ ‘e Pre-positioning resources
Preparation o Operational strategies of MGs in
Microgrid 1 . ey . i i coordination with other resources
- . . Distribution Grid~ " » ; :
| Microgrid 2 .. LC q"'*----__h__ > o Farecesting Seeeee [T ‘ J——
: e T '“-: "7 =1"% ‘s Restoration with networked MGs
Mierogrid (| TTTTTrressessasanesmmntT ';' “.' Recovery 0 Coordination of networked MG
\ :g = &) i with other flexible resources
Main Grid MG [

Hierarchical control levels: primary control, Decentralized: MA$ased architecture with service

secondary control, and tertiary control. agents Local Controllers (LCs); Service agents (SA A resiliencecentric paradigm based on NMGs

TOOREEAB
28

25/06/2022



MARKET

Toward 100% Renewable Energy

TOOREE




Demand Side Managements
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Blockchain Potential Applications in Electricity Sector
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Blockchain general structure

Preliminary evaluation criteria for suitability of
blockchain technology to an application.
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Blockchain technology main features
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Home Management for Demand-Side Management
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