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Introduction

 The phrase “Smart Grid” is, without any doubt, one of the
most utilised expressions in the power utilities in recent years

Go gle smart grid , Q

About 5,280,000 results!!! (0.41 seconds)

"Smart Grid / AIPZ4 Department of
——— Department of Energy" "ZdInN Energy &

http://energy.gov/oe/technology-development/smart-grid

Smart Grids European Clién(‘;;e Change
B Technology Platform an gem

https://www.gov.uk/government/policies/maintaining-uk-

energy-security--2/supporting-pages/future-electricity-
networks

http://www.smartgrids.eu/

The term smart grid has

been in use since atleast A Saurt electricity grid that develops to support an efficient, timely transition
fhoeog’rtgy;ee?%@gfgired " to a low carbon economy to help the UK meet its carbon reduction targets,

Smart Grid" by Aminand ~ €NSUre energy security and wider energy goals while minimising costs to
Wollenberg. consumers

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/285417/Smart_Grid_Vision_and RoutemapFINAL.pdf

S
=
<
=
=}
-
=
=
=
=
=
o]
—
o
N
o)
S
S
139
©
-
=
2
=
=,
)
S
(@]
S
<
e=
5
T
@
<
=
ot
S
=
=
@
K@
E
@
=1
=
=
s}
=
=
=
IS
E
S
ksl
>
c
<
=
=t
D
L
S
=2
=
=
2]
S
=
S
Rt
D
o
S
S
o
o
=1
[
=
@
o
>
@
1S
=
=}
=
<
L
=
=
a
2]
=
=}
=
s}
=
I
=1
o
=2
=
5}
=
@
(2]
5}
<4
%
1%}
=
2
<

Advanced Smart Grid Functionalities Based on PowerFactory | 20 April 2018


http://www.fglongatt.org/
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/285417/Smart_Grid_Vision_and_RoutemapFINAL.pdf
http://www.smartgrids.eu/
http://energy.gov/oe/technology-development/smart-grid
https://www.gov.uk/government/policies/maintaining-uk-energy-security--2/supporting-pages/future-electricity-networks
https://www.gov.uk/government/policies/maintaining-uk-energy-security--2/supporting-pages/future-electricity-networks
https://www.gov.uk/government/policies/maintaining-uk-energy-security--2/supporting-pages/future-electricity-networks
https://www.gov.uk/government/policies/maintaining-uk-energy-security--2/supporting-pages/future-electricity-networks
https://www.gov.uk/government/policies/maintaining-uk-energy-security--2/supporting-pages/future-electricity-networks
https://www.gov.uk/government/policies/maintaining-uk-energy-security--2/supporting-pages/future-electricity-networks
https://www.gov.uk/government/policies/maintaining-uk-energy-security--2/supporting-pages/future-electricity-networks
https://www.gov.uk/government/policies/maintaining-uk-energy-security--2/supporting-pages/future-electricity-networks
https://www.gov.uk/government/policies/maintaining-uk-energy-security--2/supporting-pages/future-electricity-networks
https://www.gov.uk/government/policies/maintaining-uk-energy-security--2/supporting-pages/future-electricity-networks
https://www.gov.uk/government/policies/maintaining-uk-energy-security--2/supporting-pages/future-electricity-networks
https://www.gov.uk/government/policies/maintaining-uk-energy-security--2/supporting-pages/future-electricity-networks
https://www.gov.uk/government/policies/maintaining-uk-energy-security--2/supporting-pages/future-electricity-networks
https://www.gov.uk/government/policies/maintaining-uk-energy-security--2/supporting-pages/future-electricity-networks
https://www.gov.uk/government/policies/maintaining-uk-energy-security--2/supporting-pages/future-electricity-networks

SMART versus SMART-ER

O\,CJ[OIC]

smart

ADJECTIVE

D:Lllnn ary 0

§ 0 AAVNOLLDI(]

1. (of a person) clean, tidy, and well dressed

2. Informal Having a quick-witted intelligence.
‘If he was the smart he would never been tricked’

‘you look very smart’

https://en.oxforddictionaries.com/thesaurus/smart

e The attributive adjective or adjective of quality “smart” in the
phrase smart grid is used to indicate the intelligence as an

attribute of the power systems.

Smart grid

ANTONYMS disrespects our
1. dull, roots
2. stupid,
3. unintelligent,
...etc

B8l https://twitter.com/homerjsimpson

tfeproduced or distributed in any form without permission of the author. Copyright © 2008-2018. http:www.fglongatt.or
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Smart grid disrespects our roots

 If you think about implications behind
the absence of the adjective smart
In the classical power system,

* Iitis clear the negative effects and
disrespects on the roots and the past
history of the electric power industry
and Iits pioneers.

“MOGEL NO.

Nikola Tesla (10 July 1856 — 7 January 1943)

All rights reserved. No part of this publication may be reproduced or distributed in any form without permission of the author. Copyright © 2008-2018. http:www.fglongatt.or
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Natural Evolution
e The idea of a smart-er grid coincides with the original vision
provided by Amin and Wollenberg [1]: “...To add intelligence :
to an electric power transmission system”. {7 == o

[ Natural Evolution? Zie==-

| I}

i) %‘

Inter-net :

Inter-connected ¢

' Inter-blah! blah! E
Electromechanical g

Protection relay
Elegant!

S

MONEKIUS EATALOTIS CHIMPUS IMBECILUS AFPELS 5TUPIDIUS NEANDERSLOB

HOMERSAPIEN

All rights reserved. No part of this publication may be
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Increased complexity

Proliferation of
nonconventional
renewable

generation — largely
stochastic and |
Intermittent .
(wind, PV, marine) at |
all '
levels and of variousil
sizes <\ T

Offshore wind power

Renewable Energy Resources A

S emconvenifions|
Sl m@ﬂ@@ﬁ@§

All rights reserved. No part of this publication may be reproduced or distributed in any form without permission of the author. Copyright © 2008-2018. http:www.fglongatt.or
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Power System Analysis Tools

1. Free or open-source 2.
tools (Non-Commercial .
Software). .

« Dome (Python based)

e GridCal, .

 GRIDLAB-D, .

 MatDyn, .

« MATPOWER, .

 OpenDSS (Distribution .
system simulator),

~ SILEN
 Power Systems Analysis M
Toolbox (PSAT)

DIgSILENT is one of the most used power system analysis tools. DIQSILENT offers
the most economical solution, as data handling,
functionality replace a set of other power software systems analysis software.

Commercial tools.
APSEN,

BCP Switzerland
(NEPLAN),

CYME,

ETAP,

IPSA Power,

Power Analytics (EDSA),

Siemens PTI (PSS/E and
SINCAL),

DIgSILENT PowerFactory.

ay be reproduced or distributed in any form without permission of the author. Copyri

rved. No part of this publication m

modelling capabilities and overall

All rights rese
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DIgSILENT

What's New PowerFactory 2018
 Redesign of Plot Insert Dialog

Insert Plot

Filter Plot | QK |

(Recent)
(All) Binary bar plot

e e T AR S

Cancel

Quasi-Dynamic Simulation
Modal/Eigenvalue Analysis

Power Quality and Harmonic Analysis
Probabilistic Analysis

Protection and Arc-Flash Analysis /\ Filter Plot
| Curve plot (2 y-axes)

Insert Plot *

X

e author. Copyright © 2008-2018. http:www.fglongatt.or:

General {Recent)
Virtual instruments |
Others (Al WA= Convergence of statistics Lt

S

Simulation RMS/EMT

Cuasi-Dynamic Simulation
Modal/Eigenvalue Analysis

Power Quality and Harmonic Analysis
Probabilistic Analysis

Protection and Arc-Flash Analysis
General Distribution estimation
Yirtual instruments =

Others
—/_- Distribution fitting

S Curve plot (mult, x-axes)

Correlation plot

Vector plot

T

Insert on active page

—

SOl < S\B M8 @k e IR~ I T 7 R e | Defaut -]

DIgSILENT
PowerFactory 15.2.10 (x64)

Digital Simulation and Network Calculation

DIgSILENT
PowerFactory 2018 SP1 (x64)

Digital Simulation and Network Calculation Build 18.0.3 {3031) / Rev. 5

All'rights reserved. No part of this publication may be reproduced or distributed in"any form without permission o
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DIgSILENT

Probabilistic Analysis

* Probabllistic Analysis is offered for:
* Load Flow Analysis; T AT
« Optimal Power Flow. { / \
e The fundamental functions of this module, i.e. —~ .
* Processing of input data;
« Executing a simulation; = Probabilistic Assessment

A Mormal distribution

e Defining reSU|t Variables for the anaIySiS; =" Parameter Distribution - Reference

» Detailed investigation of results including visualising via stochastic
plots;

Distribution based on characteristics...
General Load - 2A4G\Load_A.ElmLod l

Uniform distribution...

Basic Data General - Advanced Mean 117.248958 p.u.

Description Input Mode - - . Standard deviation 39.728768 p.u.
T Mormal distribution... —
Balanced/Unbalanced

() Probability density function

Operating Point = = M . .
. peretng Log-normal distribution... ® Comlative distrivution function
Short-Circuit Complete o IE—‘ W
EEEEEEE based on Sommer_Werktag(3), cumulative distribution function:

. Add global characteristic . . . -
Raciepones  [100 e Weibull distribution...

Voltage 1 Edit characteristic(s)... /
P—— Scaling Factor . Fepr—— Exponential distribution...

[ Adjusted by Load Scaling -
Power Quality/Harmonics 5] GEEIT'I"IEtrIC dlEtrIIﬂthll:lrl... -
Reliability Delete distribution(s)... L ) . /
Optimal Power Fiow Bernoulli distribution...
0,25

Simulation EMT

ste Estimetion Transformed distnibution... /
Finite discrete distribution...

All rights reserved. No part of this publication may be reproduced or distributed in any form without permission of the author. Copyright © 2008-2018. hitp:www.fglongatt.or:

Advanced Smart Grid Functionalities Based on PowerFactory | 20 April 2018


http://www.fglongatt.org/

Frequency Response Analysis

« Obtaining the transfer function of an already developed
dynamic model can be a cumbersome task and usually
means that the specific model must be extracted from its

original setup and analysed separately.

Calculation of Frequenc

Output

Advanced

Plots
Bode
Nyquist

Frequency analysis data
Step

Start at step
End at step

Amplitude

Simulation data
Initial conditions

Integration step size

Mo. of windows

Simulation duration

Calculation

System Rated
Frequency
inpu

L B N
System
Frequency
inpu

Inertial Contral KEW: Inertia controller: FGL

Derivative term Low Pass Filter

s et Kl 1+5T)
Kfiter T
dffdt
in pu'sec

Modified Inertia Res =
Prof Francisco Gonzalez-Longatt
February 2018

Power Limiter
2x Hsyn
—
dfier Finenia Lima: dprat
TWOHsyn mes =
diidt Unirted
in pulsec power, w7 Lif
inpu

g

T —

= | .. e Case\Calculation of Initial Conditions

0.001 s

20.5

Transfer function input/output definition

Composite Model
Input DSL

Input signal
Output signal(s)

Show

¥ =+ MNine-bus Syster\BE5S-Controld

W= | .. tem\BESS-Controld\Inertia Newd

frg w
1 selected

Add Remawve All

0,00

20,00

-40,00

-60,00

-80.00

50,00

[deg|
0.00

-50,00

~100,00

~150,00

-200,00

DIgSILENT

Powe

L L P oo ]

01
— SoconcOrdarFunction: FFT Mag, yo

Fhase

¥ =-180,000 deg

[Hz) 100]

01
— SEconCOrderFunction: FFT Ancle, ¥2

[Hz) 1003
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Interfaces for Co-Simulation

SILEN

/

Network model

Dynamic

[——=——

I Dynamic
| st eady-state

| ————

|parameter access
“Fimulation contro

L _ offline _

OPC
Client

DSL
(external)

DPL
(external)

Matlab

e DIgSILENT offers the most economical solution, as
data handling, modelling capabilities and overall
functionality replace a set of other power software

systems analysis software.
General Overview of the Interfaces provided by DIgQSILENT PowerFactory

OPC Server O )— Application
OPC
C++ DLL O—{ Application
TCP/IP
C++DLL O—{ Application
TCP/P
C++/ ..
Python —C O—{ Application
TCP/IP
Batch File
(Java)
fil
ile . .
DGS < Application

(XML)

All rights reserved. No part of this publication may be reproduced or distributed in any form without permission of the author. Copyright © 2008-2018. http:www.fglongatt.or
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Key Indicators

14 Chapters
40 Authors

Wuancen_i 10 Countries
Smart Grid
Functionalities

Based on
Powerkactory

of the author. Copyright © 2008-2018. http:ww:

ny form without permission

» DIgSILENT Programming €1
Language (DPL) I[3=1]
e DIgSILENT Simulation Langua—ég
e Third party communication
e Python A
« Matlab

4\
e C++, DIl

ay be reproduced or distributed in al

i Springer

d. No part of this publication m.

All rights reserve
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ILUSTRATIVE CASES:
SMART GRID APPLICATION USING
POWERFACTORY

Extensive experience

DIgSILENT Iberica

Power System Engineering and Software
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Virtual Control Commissioning

 Virtual Control Commissioning: Connection to SCADA system

via OPC protocol

PowerFactory
(OPC-client)

OLE for Process
Control (OPC)

g

General overview of the OPC — Virtual Commissioning: Example used by

Wind farm central voltage controller

Simulation Domain ¢ Real/Implemented solution to be tested

(OPC-client)
.— L

5 )

( PowerFactary fg'LEN \

]
o ¥

1' L
\ Simulated Wind farm _/

OPC Client
Wind Farm Central
Voltage Control

Wind farm central

&) | orcC-client
“ OPC-client
@) [ oPC-client

Overview of the OPC interface Server/Client using OPC

as OPC client.

DIgSILENT Ibérica

Powsr Syviem frgnonrng and Sofwas

Matlab and PowerFactory communicate

OPC

\ Toolbox™ j

OPC-client \
«) OPC Data Access Exp'
File  Host d
OPC
Server * | &
R st

MATLAB®

All rights reserved. No part of this publication may be reproduced or distributed in any form without permission of the author. Copyright © 2008-2018. http:www.fglongatt.or
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Direct Connection to MODBUS TCP Devices
Credits to: s gl oigsientmercs
Implementation of Modbus communication protocol for in-loop

simulation using DLL C++, direct communication with
PowerFactory % Ne l’k'M
— _I ]I: "-1: |: _E-_ |
IIII - ' Ll
V. I, Q, P, f, status, - =

Real Power
System SLAVE ot MASTER

Implementation of Modbus communication protocol for in-loop simulation using
DLL C++, direct communication with PowerFactory for operation com-mands:

SILEN PowerFactory

All rights reserved. No part of this publication may be reproduced or distributed in any form without permission of the author. Copyright © 2008-2018. http:www.fglongatt.or

Example showing opening circuit breaker SILEN PowerFactory
=2 Network Model
Real Power SLAVE
System MASTER
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Exporting/Importing grlds to/from Google Earth

using the API

~ Go gle
P ; Application
=5 { program
= interface
: (API)
) ) Keyhole
Geospatial Markup
Data Source Language
(KML)

Application
program
interface

(API)

External
Application
= Embedding
@ ~ Go gle

Implementation of Import/Export Google Earth data using an API and DIg-SILENT PowerFactory.
- o

A Observability/Controllability/Participation
[=- Database
: ~ e
Sptem Google Earth 4|+
- Configuration
- Library
= User Reino Unido™
Recycle Bin Mode:
" Seftings 1000000 v
Alemania
State variable:
speed Y]
- U e E!:B ratis| Participation W

ILEN
?2 DIgSILENT Ibérica

Power System Engineering and Software

e i
|strig BUdapest
Lsiria o]

Francia

Italia

Mode:  1.000000

Value:  (-1.021782, 4.962707 )
Frequency: 0.785835
Damping: 1.021782

Damping Ratio: 0.201662

20 April 2018
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Visualisation of Eigenvectors in the Single Line Diagram

NE_02

40 km

NE_04

NW_01
) DIgSILENT

PowerFact

iiiii

NE) 01

1 383N

All rights reserved. No part of this publication may be reproduced or distributed in any form without permission of the author. Copyright © 2008-2018. http:www.fglongatt.or
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API interface data flow interaction with
DIgSILENT Data Dt

Interchange ¢ hnlication’) Interchange E._;LEN
program “ =

3 Party

interface
(API)

Application

PowerFactory
Encapsulated Application
data data

Encapsulated

ol

‘“‘:.,‘

""""""""""""""""""""" digapl.dll

T
oy
-y

digapi.dil digadmdi

har® | rrh-r'.-"rll whic ) (vodd) ;

:,-,:u:r ;'Jlli.l'._.;:\.'. *FP_EMITMSG) {const char™); Dynamlc Llnk lerary

typedefd wold [__stdcall *FP_EXFUN){wold);

1

. o
wtatic FP PUSH fpPush = BULL; functisa pointer to paihi) =
statlc PP WRAK fiperk = MULLD functlion polnier to get wrk_path{) dlgcal.d"
digadm.d]]

static HMODULE BLib = MULL:
statlic FP_EMITHES fpEmit = MULL;

a
static FP_POP fpPop = MULL

&
dig*.dil

All rights reserved. No part of this publication may be reproduced or distributed in any form without permission of the author. Copyright © 2008-2018. http:www.fglongatt.or

Application Programming Interface.
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