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User Interface




User Interface — Windows, Toolbars and Icons

Vv €& —  OverviewDiagram X = SUB1 X SUB2 X SUB3 X SUB4 X +

Default Windows Layout modified for Eﬁ Wiz AREAC HESAERE o - 2E X
| = i |"‘ 2
j

:l “ Search in diagram “;0

NS 98

e L * J‘_\ax i‘/

= = A 2L Baa
V€ l)vewicwl)i.guml SUB1 X SUB2 X SUB3 X suB4 X +
B0 QiW::[us00 \t“&] &N!I.ZIIGD

more ergonomic working
2 DigSILENT Powd | ; oo

« Tabbed Windows (left side)

- Project Overview and B

Project Overviel |l

- Drawing Tools

Project Cverview

« Tabbed Windows for Graphics Board

- Tabs arranged in upper part

Drawing Tools

- Easy browser-like navigation
- Support of paging via mouse-wheel

—  Optionally use icons to easily distinguish
« Diagrams

« Substation diagrams

« Block diagrams
* Plots
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User Interface — Windows, Toolbars and Icons

 All Toolbars and Tool Windows and are
Dockable using Drag & Drop functionality

* Enabling easy customised window
arranging

* |cons within the Data Manager and
Network Model Manager have been
harmonised

* Tool windows can be stacked
(Project Overview and Drawing Toolbar)

« Application is now DP| aware

[ oigs ctory 202 bution Net
FLE E SER TA CALCULATION O
N v [El 72 [ &
D EEH0CBTFOD DLINABEEES AXY v BECEREE 25000
g Project Ovenview 8 x
E ~ Study Cases Output Window b
< © 01.01:2012 08:00:00 Do) Warnings (0) || @ Infomation (21) | @® Event= (2) | | ) Others (0) V, Clesrallfilters
£ BH 0- Base Model
£ o @ Outer Loop: Iteration 1
EH 1 - LV Load Flow @ Iteration 0: — ND_0712 1.8le-12, — ND 1202 3.71e-08, @ TRF 56 1.66=-01
= B[ 2 - Feeder Load Scaling &9 B u7 © TRF_Sé 2.75e-0¢, Relax factors: (Max. Step: 1,00e+00, Linesearch: I,
E B 3 - Quasi-Dyn ul. ewton-Raphson co rged with 1 iterations.
ful.
g BH 3.1-QDs- BV ry ° ceassn
= 2H 4- Cable Reinforcement o Report of Control Condition for Relevant Controllers
i ]
 Operation Scenarios @ Control conditions for all controllers of intersst are fulfilled.
- — @ The calculation results have been deleted by the user.
29 4 - Cable Reinforcement

~ Network Variations (0, 0 active)
0o (no active Expansion Sta
0% 2 - Quasi-Dynamic Simul...

~ Grids (3 active)
Bl 0.4 kv System
B 10 kv System
B 30 kv System

m DIgSILEMT PowerFactory 2020 - "Transmission System”
FILE EDIT VIEW INSERT DATA CALCULATION OUTPUT TOOLS WINDOW HELP

BE&R OO LYY ON WKk &= ®W
Project Overview 8 X v & =  Overview X Grd X SE02 X Map X

i
§ | StudyCases aC QWi Vv A@E 5 cSAE&§ 10w - aBC ®
S () 31.10.2016 18:00:00
R4 EH 01 Load Flow
= i . . . = .
EH 02 Contingency Analysis c%w Ez\: 20 EEJ, @ =2 @ﬁ 2 DO @ fE2
- 2H 02a CA with RAS (Single ...
,E 2H 02b CA with RAS (Multip...
g‘ B na T ient Ckahilit
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User Interface — Split View

m DIgSILENT PowerFactery 2020 - "Transmissicn System”
FILE EDIT VIEW INSERT DATA CALCULATION OQUTPUT TOOLS WINDOW HELP

» Graphics Board supporting Split View DEROOBrFONDLANBEROBAAKT vy BER2ABER S D

Project Overview B X v & 9 Overview X | Grid X | Map X SE,ON' M' el
— - ove to group below
¥ Study Cases B0 QUllEn kBB S 9 Mg . oo newgrou
(© 31.10.2016 18:00:00 .
EH 01 Lead Flow
BE 02 conti Analysi
8 roenyAralysis | South West
EH 02a CA with RAS (Single ...
B[ 02b CA with RAS (Multip...
BH 02 Transient Stability
2H 02a Transient Stability wi...

- Horizontal

Project Overview

Sw_owEsz

- Vertical

Drawing Tools

2H 03b Transient Stability wi...| SW-01322
SW_ovesi

« Enabling parallel view of: el

se |

- Network graphics (Single Line, e

7 08 Unit Commitment v & | sWol x| swos x| +

Geographic and Substation) RIS - - I yeain ey e - e

¥ Qperation Scenarios
.

[
il []
¥

£8 02b RAS Scenario

— DSL Model Block Definitions st y
- Scripts (DPL and Python) B —— T‘ T‘ T‘

>3

Oa (no active Expansion Sta...

O HVDC link

- P | OtS 0 SwitchType

v & = Grid X | Overview X Map X

« Easy and intuitive tab handling of ety i 3 O_ 5.0

Open Diagram...

diagrams and plots Open Plt Poge..

db Grid
(plots are now also closable) A G

9 Ma

|~ Plc:Gen erators

O NW_03

What‘'s New — PowerFactory 2020



Network Diagrams and Graphic
Features




Redesign of the Drawing Toolbar

) i ) Drawing Tools 7 x Drawing Tools g X
° SearChIng and Fllter Optlons BB TE |Fi|tE|‘E|Eﬂ1E|'|t5 =] B TE |Fi|tE|‘Elementz
. . —_— . = Busbars/Terminals

- Search option for the drawing toolbar DO L o S
- Filtering based on categories allowing a - - = 3 EESE = Busbar Systems

faster overview about the available 200000 —_—e == T e==

options D 2 0000 O0

09?083 = Switches
H o = -2 - =5 &
A e A X B A o w | [T
« Grouping and Sizing |
Drawing Tools F X

- Elements are newly grouped with enlarge BBl Y. [Fter clements

or hide options for the individual groups = Busbars/Terminals e
- Names of the individual drawing options T B - Busbarherd

Can be Shown Or h|dden A mak|ng |t easy * Juncion/internal Node D Busbar [rectangular)

tO ﬂnd What yOU al’e SearCh|ng fOI' O Busbar (circular) | Busbar [polygonal)
- The drawing toolbar as an undocked S il s

floating window leads to a better usage of == Single Busbar "O= single Busbar with Tie Breaker

the Space == Double Busbar 3 Double Busbar with Tie Breaker
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Updated Printing Concept

« Enhanced Printing Concept

What's New — PowerFactory 2020 8

Enhanced printing concept

Allowing multi-page pdf creation of
multiple diagrams

Option to select the diagrams to be
exported

Page preview supporting multiple pages

Print Diagram - Grid

. w—H
g et Ly &
- M ) et ——
~o—ah _.:3 n— b
™ ]
; ib
North West . I 1‘ —] North East
]
=g AI + 0 O
.. - :J _%__ I’
. > S 4
i A O ],
=y g outh East
OF ey :9_.« I I D
South W st:_:D . i & o "f;;m -
. DF = — iy g
BB - . BB a
o oo @ d o l

“[1]oz >

O X
Print:
Microsoft Print to PDF v | &
Number of copies
Print Range
() Entire diagram
() Selection
@) Pages Grid ~
; Overview
Page Setu b Grid
g P O Map
Format L| North East
[ | North West
Orientstion | SouthFast
[¥]i5outh Wast
[ Add page fran L
Centre diagram
Page Margins (millimetres)
Left -10 T Top -10 >

Right

[] Show margins

Bottom “

Print Cancel




Area Interchange Diagrams

2 NORTH
Gansration = 16255 MW

Demand = 1473.55 MW
Losese = 11105 MW

 Visualisation of the interchange between

grids, zones and areas

» Automatic adaption of the arrow width

5 NORTH CENTRAL

Generation = 1314574 MW
Demand = ZZ2E1.67 MW
Lostst = 37355 MW
Intsrehangs = -S455.47 MW

based on load flow results

» Flexible and user definable design

1FAR WEST

6 SOUTH CENTRAL

Ganeration = 1037281 MW
Demand = 1226330 MW

Lossas = 230.89 MW

LT MW

7 COAST

Generation = 2773073 MW
Demand = 1315558 MW
Lozess = 124 28 MW
INterCnANgs = 421633 MW
4 SOUTH
Generztion = 657021 MW
Demand = £751.33 MW
Lossss = 15167 MW
Interchangs =-37T173 MW
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Permanent Plots

* Permanent Plots

— Allowing pre-defined plots to be closed

and reopened

— Opening is possible using the new drop-

down menu

 New Plot designs
- Energy Plots

— Pots according to primary resource

What‘'s New — PowerFactory 2020

v €& = 0Geographic X
Open Recently Closed *
Open Diagram...

Open Plot Page...
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100
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80
0
2020.01.22 2020.01.22 2020.01.22 2020.01.22 2020.01.23
! ;JJ_HH'J-'““——\_ 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00
60 [ Summary Grid: Hydro ] summary Grid: Nuclear
[ summary Grid: Coal Summary Grid: Gas
[] summary Grid: Wind Summary Grid: Solar
40
20
0
2020.01.22 2020.01.22 2020.01.22 2020.01.22 2020.01.23
00:00:00 06:00:00 12:00:00 18:00:00 00:00:00
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Analysis Functions




Load Flow Analysis — Operating Tap Limits and Temperature

« Operating Tap Limits of Transformers Maximum Tap

- Allowing tapping margins for transformers Maximum Operational Tap

based on operational guidelines
Allowed Tap Range

- Consideration of margins for emergency
situations Minimal Operational Tap

Minimum Tap

« Temperature Dependency

Temperature Dependency: Line/Cable Resistances

- Load Flows can now be run, considering: at  |20°C E

« User-defined temperatures Load O Maximum operating temperature
038 Mh Operating temperature
[ i Ternperature

* The individual maximum operating
temperature of each line

Ea

[ ] Feeder Load Scaling
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Contingency Analysis — Contingency Definition

« Dynamic Contingency Definition

Automatic detection of relevant
equipment based on pre-fault load flow
conditions (e.g. loading or voltage)

Triggered by user-defined criteria

Can be combined with static contingency
definitions

Beneficial for time sweep contingency
analysis to restrict on critical time instants

» Dispatch Events as Post-Fault Actions

Support of absolute power changes
Support for Ward-Equivalents

What‘'s New — PowerFactory 2020

Static contingencies

Show Add Cases/Groups Remove All

26 of 26 contingencies are currently considered (0 not analysed).

[ Dynamic contingencies

Filters ~ || =& | ... gency Analysis\Filter Set

E'Cc-nsit:lerRerrI @

Name Filter Set

| Filters:

Filter Ignore Object Filter
SetFilt

1 Branch_loading O *AllBranches

Expression

c:loading>80.00




Contingency Analysis — Contingency Reporting

« Contingency Reporting Dialog

Redesign of the report selection dialog

« Contingency summary reporting

Summary results over all contingencies

Getting the grid impact at a glance:

Solved

Caused Islanding

Caused Blackout

Caused Substation Split/Merge
Number of Loads Lost

Load Lost [MW/Mvar]

Number of Generators lost
Generation Lost [MW/Mvar]

What‘'s New — PowerFactory

E}, Contingency Analysis Reports - Study Cases\03 Contingency Analysis\Contingency Analysis Reports.ComCntreport X
Basic Options Reports Formats
Loading and Effectiveness Summary Reports
Voltage O MNon-convergent cases 2Tz
Summary Summary variables Cancel
Summary variables per contingency
Summary variables — [m] X

Study Case: 05 Contingency Analysis @ [Fhm [Fus
Result File: Contingency Analysis AC
Processed Unsolved Inactive Causing Causing Causing Causing Causing Loss Causing Loss

Grounding Islanding Blackouts Substation of Load of Generat...
. . - v v Split or Merge v v 2
P Number of Contingencies o 0 0 0 o o 0 0
Summary variables per contingency - [m} x
Study Case: 05 Contingency Analysis @ L'a html [_,ax\sx
Result File: Contingency Analysis AC
Contingency  Contingency Solved Causes Causes Causes Substation Number of Load Lost Load Lost Number of Generation Lost Generation Lost @&
Nu.. ~ Name ~ v Islanding ~ Blackout ~ Split or Merge ~ Loads Lost ~ MW~ Mvar v Generators Lost ~ v Mvar v

» 1 tl?-‘lnejomj().” Yes No No Mo 0 0,000 0,000 0 0,000 0,000

2 273 B Ine 1001_10... Yes No No Mo 0 0,000 0,000 0 0,000 0,000

3 274 {7 Ine_1001_10... Yes No No Mo 0 0,000 0,000 0 0,000 0,000

4 275 @-‘IHEJDOL'ID.H Yes No No Mo 0 0,000 0,000 0 0,000 0,000

5 276 tl?-‘lnejwlj().” Yes No No Mo 0 0,000 0,000 0 0,000 0,000

6 277 B Ine_1002.10... Yes No No Mo 0 0,000 0,000 0 0,000 0,000

7 278 7 Ine_1003_10.., Yes No No Mo 0 0,000 0,000 0 0,000 0,000

8 279 @-‘IHEJDOSJD.H Yes No No Mo 0 0,000 0,000 0 0,000 0,000

9 280 tl?-‘lnejoﬂdj'\m Yes No No Mo 0 0,000 0,000 0 0,000 0,000

0 281 %7 1ne 100510, Yes No Mo Mo 0 0,000 0,000 0 0,000 0,000

1 282 {7 Ine_1005_10.., Yes No No Mo 0 0,000 0,000 0 0,000 0,000

12 283 @-‘IHEJDOSJD.H Yes No No Mo 0 0,000 0,000 0 0,000 0,000

13 284 tl?-‘lnejw?j().” Yes No No Mo 0 0,000 0,000 0 0,000 0,000 v

Ln1

2345 Line(s) of 2345 1 Line(s) selected




Reliability Analysis — Dispatch Profiles

. ofc i Load state creation - ...adGenStates\Load state creation.ComlLoadstate >
- Reliability assessment accounts now for Ji:Lood o= o= - a
Dispatch Profiles of generating units e Execute
(® Load States Consider Generators
L Cloze
« Counterpart to Load States was RS tood Ditribufion ==
Cancel
|ntr0d uced Reliability Assessment v || = | ... dGenStates\Reliability Assessment
9 Generathn States Current States = | ... s\Reliability Assessment\Load States(2)
Load Flow = | ... LoadGen5tatestLoad Flow Calculation
01788 F————————————— —— T ——————————— e e .
I | I
| | |
| | |
01241 fm—————— — — —————— ‘lr ———————————————— 1'— ————————————————————————— -I
i i
00884 f——————————————— —:L —————————————————————————— —— ——4:
| |
00847 oo 7 —————— _ ——
T Tyl ] | I L1
2 0200 HEEEEHEE EEEE NN HE) HEE N
0,000 . . 25,00 5D,00 75,00 [36] 100
— ::.::;g:v; lear

What‘'s New — PowerFactory 2020



Techno-Economical Calculation — New Reporting of Results

« Results analysis as report was revised

« Report can be assessed separately v Ok} B ]
 Dedicated icon in toolbox has been —
introduced
Techno-Economical Calculation Report - ...ComTececorep X

* No need for repeating whole Techno-

Results || = | ...\ Techno-Economical Calculations Execute

Economical Calculation Report

Settings of Calculation

Close

Variation Input Data Cancel
Costs of indiv, Calculation Periods

Title “ || = | .. bleto PS5+ Old Cable\Title

DPL Script % | ..\Show\Techno-economical calculation
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SILEN

Parameter Identification — Redesign of the Parameter Identification §E

m Comparison of Signals - Grid\Comparison of Signals.ElmDiff X
. . . .
.« N timisat thodolog
ew optimisation methodologies
. . . Simulation Element 1 Signal 1 Element 2 Signal 2 Weight
- Swarm Inte”lgence algorlthm toad Flow 1 ¢ PO Measurement p ¥ Measurement File yl 1, Concel

2 v PO Measurement q v Measurement File y2 1,

_— Patte rn Sea rCh methods 3 ¥ Voltage Measurement u ¥ Measurement File y3 5,

4 v Synchronous Machine  xspeed v Measurement File yd 10,

- Global optimisers

- Gradient based optimisers Weighingignl

Element v || =& | Grid\Weighting

« Smart stop criterion for faster calculation s

[ Backward initialisation of signals

* Improved definition of reference curves H ssstemegaton oo

 Full support for bounded and unbounded .

optimisation problems

« Result recording applied after each

01

iteration

0,001
-200,00 0,00 200,00 400,00 600,00 [-] 800

Results_PSO: Evaluation / Best objective function value
® Results_PSO: Evaluation / Objective function value
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DSL — “reset” procedure

3,00 R T R Y pTTTTTTs R TTmmmte
1 1 I I I

Resets a variable upon the rising edge

crossing of a variable

Used to change DSL state and internal 4 N v

[ ]
2,00 . ] . ] . I . I . I
o ~0,100 1,920 3,940 5960 7.980 [s] 10,00
Varlables TestModel: y_m:
TestModel: ciy_mi
TestModel

 Similar with the DSL event() procedure i i S
- e A
« Can be used in DSL macros i \ L / 777777777777 \ 77777 /l ***** - /
N R A SN

TestModel: rst
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DSL — script based initialisation

Grid\MMC-1 Control ModeNMMC-1 €

« Configuration Script based on DPL e o S

Name [Mmc-1 control ‘7
Cancel

Model Definition ¥ |+ | .. Modeis\Converter Control EMT J
e |
Configuration Seript \"‘;’ﬁﬁ; DPL Command - User Defined Models\Converter Control EMT\Model Parameters Initialisation.ComDpl X
« DSL Model parameters can be st =
asic Options Selecting a remote script destroys all current settings
Results Remote script jﬁ-»
FLAG MMC_TYPE [AUTO] HB-MMC = | Script Close
- FLAG_IDCTL [AUTO] 0=Vdc control; Description Code aa
anc
( :O l l I u re FLAG_CCSUP 0=01=0n - circulating { | version double parameter: A
FLAG_UARMCTL 0=0ff:1=On - Am caj ;ﬁgf‘nﬁzﬂi:i;m' Save
VACNOM [AUTO] Nominal AC voitage DSL_MODEL = this.
VDCNOM [AUTO] Nominal DC voltage

elm

— Check
('Contzoller %s for ¥s: Model pazameters aze now being configured..',DSL_MODEL,!
1 BASE Current base [p.u.]

* Any load flow results and data model ] i e —

if (parameter < 0.3)

T_UDC Time constant - de voltage filter|
o('¥s: conve:
FLAG_MMC_TYPE = 0,

information can be used for configuration e

TIQFLT
T_UAC Time constant - ac voltage filter ]
T_UDC_CCSUP UDC fifter - circulating ¢ a1ie

« Among others, execution of commands =1 | EEmImE

T_PAC Time constant - active power filt|

G_IDCTL !
Error (0) 1 11 Warming (5) | @nfo (83 | QW Event (0) 1 Q) Other (1) paztmacer =
P with 3 1 {

Is forbidden =

0;
arameter FLAG

Report of Control Condition for Relevant Controllers

@ Control conditions for all controllers of intersst are ful

. .
« Generation of user defined output e e e e g ¢ i
© Parameter FLAG_MMC_TYPE set to Full-Bridge MMC configurat: » =
i A R READ ONLY
p @ Paramster FLAG_IDCTL set to DC voltage control. (]| MoD| OVR| READONLY | Ln1, Col 1
© Parameter SNOM set to 1059 MVA.
@ Parameter VACHOM seT 330 kV.

@ Paramecer VDCNOM set €40 kV.

window messages .

>
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DSL — Pl regulator with variable non-windup limits

DSL function picontrol()
Pl controller based on IEEE 421.5

With variable limits

Extends functionality of already existing
picontrol _const() - which has constant
limits

o
=1
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Frequency Sweep — no Load Flow initialisation

 Additional option for network impedance
frequency sweep

100

* Load flow initialisation of the network not
required

 Significant performance improvement for
large networks, especially for contingency
analysis

" I . I . I . i . I
0'10,00 500,00 1000,00 1500,00 2000,00 [Hz] 2500,00
— 400_09'400_09.2: Network Impedance, Positive Sequence
220_G6\220_G6.2: Network Impedance, Positive Sequence
130_29\130_29.2: Network Impedance, Positive Sequence
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Frequency Sweep — New result variables

» Network impedance calculation without
network capacitances

» Evaluation of impact of capacitive
components on network impedance

 Additional calculation triggered when
corresponding result variables are
selected

What‘'s New — PowerFactory 2020

Maodal/Eigenvalue Analysis Variable filter

Protection

Variable Set Currents, Voltages and Powers w
Arc-Flash Analysis

Variable Name |* |
Cable Analysis

Bus and Phase | V|
Power Quality/Harmonics

Representation Balanced ~
Frequency Sweep
Connection Request D-A-CH-CZ . i

Available Variables
Connectien Request BDEW/VDE Name  Unit Description
Connection Request VDE 4110 Rnc  Ohm  Network Resistance (without C)
Tie O Point O Hnc Ohm  Metwork Reactance (without C)
1& Open Foint Opt. Znc Ohm  Metwork Impedance, Magnitude (without C)

Violtage Profile Optimisation phiznc deg  MNetwork Impedance, Angle (without C)

40,00

[Ohm] |

30,00

20,00

10,00

0,00

-10,00

0,000

R e

I
I
I
I
|
|
I
I
I
I
|
|
|
|
I
I
T
|
I
I
|
I
|
I
|
I
|
I
|
I
|
|
I
S, S —

——————————————————————————————————————————————————————————————————————————————————————

|

200,0 400,0
Terminal: Network Impedance, Magnitude
Terminal: Network Impedance, Magnitude (without C)

D
o
S F———-
o




Harmonic Load Flow — Positive sequence option

° Enhancement Of Harmonic Load FIOW ‘U Harmonic Load Flow - Study Cases\Study Case\Harmonic Load Flow.ComHIdf
. Basic Options Metwork Representation
calculation for Balanced Network e o100-55 - e s
Representation Advanced Options O Unbalanced, 3-phase (ABC)

Calculate Harmonic Load Flow

MNominal Frequency Hz

» Harmonic orders, which naturally appear O single Frequency S

® All Frequencies

Hz

Harmonic Order

in the negative sequence are treated as
being in the positive sequence
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Harmonics LDF and Frequency Sweep — Temperature dependency

« Harmonic Load Flow and eturaek Repititation Nominal Frequency |50, He
) ® Balanced, positive sequence i 50, Hz
Frequency Sweep consider temperature O Unbalanced, 3-phase (ABC)
Harronic Order 1
[] Load Flow Initialisation -

setting from assigned Load Flow

Impedance Calculation

Initialisation oty TF .
* Frequency Sweep without initialisation Stop Frequency 1000, Hz
Step Size 0,01 Hz

allows user defined temperature setting

Automatic Step Size Adaptation

(same options available as in the

Ternperature Dependency: Line/Cable Resistances

Load FIOW) at Ternperature 20, degC

20°C

Maximum operational temperature
Operational ternperature

Result Va e\Freq.Sweep
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Protection Coordination Assistant

Q@ Protection

» User defined settings rules:

Basic Options General  Zonel Zone2 Zone3  Zoned  Timers
Execute

Distance Protection [4] Equations for zone 1

- Individual keyword-based rules AdvancedOptions | | pirection — - Close

X1 [085" X mina8 | = Cancel

- Full flexibility using equations

Ri (0,857 R_minAB + RF | [=

— Option to calculate angles for circular 2 [oss Zmns |
characteristics based on: s

Direction Forwaﬁ Q% Keywords X

e Zone 1 impedance angle X1B  [1,20* X minaB o

“R minAB + RLoa.d
« Angle based on the summation of line " ,@ Rmind8 Conce
. . .. ZIB  |1,20*Z_minAB -max
impedances for the individual zones

Protection device Zone Direction Polygonal Polygonal Polygonal Polygonal Circular Circular Circular

Reactance Resistance Resistance Time delay Impedance Angle Time delay
[pri.Ohm] (Ph-Ph) (Ph-E) [s] [pri.Ohm] [deg] [s]
. . " . [pri.Ohm] [pri.Ohm]

» Coordination Assistant Reporting: DSt e e w ke | onm ke
" 2 Forward 26,031 9,895 17,385 0,300 26,141 84744 0,300
3 Forward 33,708 10,601 18,101 0,600 33,850 84744 0,600
Overreach Forward 24,000 9,708 17,208 0,000 24,101 24744 0,000
- Enhanced tabular report
Non-dir. Backup Non-directional 1,500 1,500
2 05 Dist_NE_01-NE_04 1 Forward 10,60 23 0,000 10,670 84744 0,000

. . ; .
2 Forward 19,6¢ Eiozlzreing 0,300 19,738 84744 0,300

— I ult view L
3 3 Forward 31,9: 0,600 32,074 84744 0,600
Overreach Forward 15,00 Mark traversed elements in open graphic 0,000 15,063 24744 0,000
0 g Dir. Backup Forward Show traversed element L 1,200 1,200
- ption to write back results to the relays o o
3 5 Dist_NE_02-NE_01 1 Forward 17,00 TS ) 0,000 17072 24744 0,000
2 Forward 26,0 0,300 26,141 84,744 0,300

Select Al

3 Forward 33,7( 0,600 33,850 84744 0,600

Select Column
Overreach Forward 24,00 - . 0,000 24,101 24744 0,000
Dir. Backup Forward 1,200 1,200
Non-dir. Backup Non-directional 1,500 1,500
4 5 Dist_NE_02-NE_... 1 Forward 21,250 9,435 16,955 0,000 21,340 84744 0,000
2 Forward 39,844 10,041 16,416 0,300 40,012 84744 0,300

Lng 300 Line(s) of 300 1 Lined
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Arc Flash Hazard Analysis

Arc-Flash Analysis = O X
« Supporting new Standards: © (Dwni (Do

- Support Of new IEEE 1584'201 8 Standard Min. Energy 0.0 | yem®2 (@ Min. PPE-Categary |0 | &

L Show intermediate results

Accessible Location Substation Bolted Fault Arcing Arc Incident ty
Current Current Duration Energy
= o [kA] o [lA] o [s] o [fem*2]  ~
P 1—3 O Supply 11,301 10,477 0,920 51,340
2 —4 O Supply 11,474 10,622 1,695 95,048
. 3i—10 10,778 9,965 0,540 28,807
* Advanced reporting: a-n 107% oges 209
5 —13 10,654 9,851 0,240 17,939
1 6 — 13 10040 10001 n145 e
- Overview results for all calculated e Y, EE
Project 03 ArcFlash @ [Fhtm [Pais

components ¢

Accessible Lication Supply/3

- Intermediate results table per relevant \Ew
element \

* Bolted Fault Arcing Arc Incident Flash PPE-
Current Current Duration Energy Boundary Category
[kA] [kA] [s] [/em*2] [mm]
P Full arc current 10,580 0,920 50,621 3972 3
Reduced arc current 10,477 0,920 51,340 4008 3
Ln1 2 Line(s) of 2 1 Line(s) selected
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Voltage Profile Optimisation — Supported Models

» Possible Configurations for the Voltage Profile
Optimisation:

a) Medium Voltage Load
» With built-in distribution transformer in type
* Load share and generation specified in MV load
« Max. voltage drop/rise in LV network

b) Distribution Transformer + Loads / Generators
* LV network modelled

» One aggregated load containing max. voltage drop/rise
in LV network

* Whole LV network modelled in detail
(voltage drop/rise considered based on load flow)

* All load and generation models in PowerFactory are
supported (except MV load)
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MV Terminal

a)

External Grid

555

Ul 33,00 E
u 1,00

7

MV Load

uminLV 0,9812
umaxLV 1,0066

uminLVfeed 0,9312 p.u.
umaxLVfeed 1,0566 p.u.

dudropTrf 1,8779 %
duriseTrf 0,6629 %
MaxAllowTap 2
MinAllowTap -1
nntap 0

MV Terminal

LV Terminal

b)

External Grid

=3

U1 33,00 E
u1,00

&

uminLV 0,9791
umaxLV 1,0064
uminLVfeed 0,9291 p.u.
umaxLVfeed 1,0564 p.u.
dudropTrf 2,0885 %
duriseTrf 0,6407 %
MaxAllowTap 2
MinAllowTap -1
nntap 0

010,40 E
u 1,01

v

General Load

Static Generator




Hosting Capacity

. Parallel computation
- Parallel Computation
p Minimum number of calculation chjects D
- Several cores can be Used fOI’ the Package size for parallel process
Ca|CU|at|0n Parallel computation settings = | Settingsh\Default\Settings
_ LeadS tO a S|gn|flcant redUCtlon |n the & out of 8 cores will be used for parallel computation

calculation time

* Presentation of results in geographic
diagrams

- Circles can be displayed around sites,

substations, secondary substations and
nodes

- Size of circles represents the connectable
amount of power
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Dynamic Network Reduction

« Reduction of a large scale network to a
small region while retaining the dynamic
behaviour of the whole system.

« Parameter identification internally used
« Performance and handling improvements

» Confidential network parts and models can
be reduced for data exchange
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157.54

ICEL/ B

150,18

14278

13540 |-

128.01

120.63

-0.1000

0.9200 1.8400 2.9600

PANHANDLE 1_181 KNAweym_2123_1: 2:M, after reduction
PANHANDLE 1_181 KNweym_2123_1; =:P1, before reduction




Quasi-Dynamic Simulation — Enhanced calculation quantities

. . ) FD_12_05
New result variables: PV Penetration Factor =12,96 % 4
— Capacity Factor: Ratio of the actual to 103 pur I ¥ 8
the maximum possible electrical energy CE
A
of a generator Q‘/‘ I s
- Load Factor: Average load divided by capoty Fcr =4
Total Energy = 76, h
the peak .
- PV Penetration Factor: Ratio of the total 0350 e a e
peak PV power to the peak load apparent o g/ °
power of a feeder - fE—MVY”S—o%E’MWh
. . gl otal energy = U,
- Maximum Reverse Power: Quantifies Load Factor =47,16 % I

the maximum power export of a feeder
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Quasi-Dynamic Simulation — New Visualisation Options

B0 |- —— — I — — — R — — — —— — B — ——— — e —

« Energy Plots are available for: e et Pt s

- Complete Generation B
- Plant Categories

b

[ I [l ! I —— |

30000

- Renewable vs Fossil Generation

20000 F—————mmmm e e e e -

* Energy plots can be displayed in absolute

values or relative in percent

 Annual duration curves

1]
2020.04.01 2020.04.02 2020.04.03 2020.04.04 2020.04.05 2020.04.06
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
% Insert Plot x [ Summary Grid: Hydro [ Summary Grid: Nuclear
[ Summary Grid: Coal Summary Grid: Gas

Filter Plot [ | Summary Grid: Wind Summary Grid: Solar

(Recent) | oK |

(Al “w._  CurvePlot (QDS)

Simulation RMS/EMT Cancel

Quasi-Dynamic Simulation

Unit Commitment

Modal/Eigenvalue Analysis

Power Quality and Harmonic Analysis
Probabilistic Analysis

Protection and Arc-Flash Analysis
General

Virtual instruments

Others

Complete Generation

Plant Categories

Renewable and Fossil

Duration Curve

Curve plot (2 y-axes)

RVIEEE
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Sensitivity Analysis — New distribution factory

 New Quantities:

- PTDF (Power Transfer Distribution Factor)

- LODF (Line Outage Distribution Factor)

-  OTDF (Outage Transfer Distribution Factor)

- PSDF (Phase Shift Distribution Factor) or
TCDF (Tap Change Distribution Factor)

 Calculation for multiple elements:

- Multi-selection of analysed elements saving
time in processing the individual quantities

- Sensitivities with different contingencies
* Reporting:

— Tabular report with user-defined filter and
thresholds
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LODF Report

- [m| X
=
Study Case: 01 Load Flow @ r_‘ahtml r_‘axlsx
Result File: Distribution Factors Results (SYM)_LODF
=
Display results for ‘busW | Q
Threshold (abs. value) |30 | = (@
Manitored element(s) 17 of 17 selected " >
Outage Case NE-SW_L1 NE_L1 NE_L2 NE_L3
= [%] = [%] = [%] = [%] =
P 1 §NE01_BB1 [NEOT) -47,63533 4763533
2 :9“" MNE_01_BB2 [NE_01] -47,45118 -47,45118 -53,52336
3 $"NE_02_BB1 [NE_02] -32,24036 210,6289 -100,0000 -99,99977
4 §FNE_02_BB2 [NE_02] -100,0000 76,03406 9570103
5 @'NE,D3,BB1 [NE_03] -100,00000 -99,99093 41,36140
6 " NE_03_BB2 [NE_03] 3436120 -82,28583 -99,99080
< >
Ln1 6 Line(s) of 6 1 Line(s) selected




Transfer Capacity — New Options

{} Transfer Capacity Analysis - ...ses\05 Transmission Network Tools - TCA\Transfer Capacity Analysis.ComTransfer* X

Basic Data General Scaling elements
Caonstraints

Calculation Method

 Importing and exporting regions:

. User definable importing and exporting Output ® AC Ioad flow, balanced, positive sequence
regions using boundaries O DCload flow (inean

Close

Advanced Load Flow = .. nsmission Network Tools - TCA\Load Flow Calcula

— Allowing full flexibility in the analysis

[] Contingency constrained

» Definition of scaled elements:

Transfer capacity definition Measured transfer capacity
- User definable definition of scaled i o Imercomecton s
O Element selection F@ Boundary
elements

Interconnection regions

_ IﬂClUding generators and |OadS Exporting region ~ || % | NE-SE Interconnector

Importing region % || & | NE-SE Interconnector(1)

Boundary Vi3
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Unit Commitment and Dispatch Optimisation — Storage Models

[E] Storage - 5 NORTH CENTRAL\Hydrodam Lewisville.Elm5torage™

« The storage model can be used as:

Basic Data Operational energy limits

Quasi-Dynamic Simulation Min. |D. | MWh |[I. | p.u.
_ H yd ro U n ItS Unit Commitment e |‘|C[HI|. | MWh |‘|. | p..

Description

D Soft constraint

- Batteries

Energy constraint at study period end
— General storages cer

(O Hard constraint

®) Soft constraint

« Consumption and generation mode o0 [ A

. ) o gy ety pais s |7000. |mwh o7 | puu.
 Linked to the generator via efficiency Woterspige 2 ooz purn
Inflow |400. |Mw oo |par/h

curves

- Several generators can be linked to one S ¢ e

Unit Commitment (summary) DC

Time Range: 24,10.2020 00:00 - 25.10.2020 00:00
. .
storage via a Virtual Power Plant ) WG
Energy Representation: | absolute ~| KE]
Storage Storagetype Storage Energy Storage Energy  Storage Energy  Sumof  Sum of Power plant Sum of Sum of Efficiency Factor _ Efficiency Factor _ Dispatch Costs
ot Start ot End Total Difference  Inflow ~ Self-discharge generated Energy  consumed Energy  Energy generation  Energy consumption  Energy generation i
[MWh] [MWh] [MWh] [MWh] Water spillage [MWh] [MWh] {UsD]
[MWh]
» 1 ] Storage river | Hydropower 8000000 7935179 64821 192000 12000 © Run of River Power Plant 236927 000 0.97 1.00 236926.89
2 [J) PumpStorage  Hydropower 10000 300.00 20000 000 0.00 © Pump Storage Plant 46555 665,55 0.97 095 47067.05
3 © Pump Storage Gen 1 23277 377 093 090 510,
4 ® Pump Storage Gen 2 23277 377 1.00 100
5 (] Battery Storage Battery 10000 100.00 000 000 4800 & Battery 150.71 20752 097 098 1300.00
< >
Ln1 Sline(s) of 5 OLine(s) selected

What‘'s New — PowerFactory 2020




SILEN

Unit Commitment and Dispatch Optimisation — Virtual Power Plant =

« Combination of several generation units
for the optimisation

 Use cases:

- Several generators can be represented

as one power plant in market simulations.

- Aggregate single wind turbines to a wind
park.

- Linking several machines to one storage.
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% Virtual Power Plant - Hydro5torage Lewisville.ElmBrmu

Basic Data Controls Operating Costs Redispatch Costs

Start-Up/Shut-Down Costs Constraints

Description Power plant usage

Coupled with sterage model ~

Automatic Dispatch

Storage model
Quasi-Dynamic Simulation
Contrals
Unit Cormmitrent
Active power

[ Reactive power

Power distribution

() According to nominal power
@ Accerding to dispatched power
@] According to generation shift keys

Controllable machines:

Thermal generation unit
Variable renewable energy source (VRE)

Coupled with storage model

[ must run

Respect individual operatienal machine limits

Machine

1 ¥ (3 sym_5343_1
2 ¥(®) sym_5342_1

Generator  Active power

usage control
Part of Vi..
Part of Vi...




Unit Commitment and Dispatch Optimisation — New Plots

1000.00

« Energy Plots are available for:

MW]

- Complete Generation
- Plant Categories

600.00

- Renewable vs Fossil Generation

400.00 |-------------

* Energy plots can be displayed in absolute
values or relative in percent

 Annual duration curves

0.00
2020.10.24 2020.10.24 2020.10.24 2020.10.24 2020.10.24 2020.10.2
00:00:00 04:48:00 09:36:00 14:24:00 19:12:00 00:00:00
B Summary Grid: Hydro I Summary Grid: Nuclear
E Insert Plot x B Ssummary Grid: Coal Summary Grid: Gas
I Summary Grid: Wind Summary Grid: Storage

Filter Plot

(Recent) OK
(Al . CurvePlot (UC)

Simulation RMS/EMT Cancel
Cuasi-Dynamic Simulation

Unit Commitment Complete Generation (UC)
Modal/Eigenvalue Analysis

Power Quality and Harmonic Analysis

Probabilistic Analysis .
Plant Cat uc
Protection and Arc-Flash Analysis E ant Categories (UC)

General

Virtual instruments .
COthers Renewable and Fossil (UC)
2 ; Duration Curve
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Unit Commitment and Dispatch Optimisation — Loading of Results

SILEN
J

» Loading a single point in time from the
result file to the network model.

— Allows as detailed investigation in the
network model for certain areas

» Load the complete results from the
optimisation to characteristics.

- Allows the execution of other calculation
on the optimised network.

- Enables to execute a market simulation
without constraints first and then
executing a re-dispatch calculation based
on the market results.
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E Tirne Characteristic - Characteristics\Solution_UCT4\od_4043_1_plini.ChaTime™

Curve
Diagrarm
Description

Version

Parameter

Data Source

Trigger
Result File

Result File
Elernent

Variable

lod_4043 1

_plini

Result File

= | .. nt (Market)\Set Study Time

v | >

W | >

m:Pibusi

o Nit Commitment (after optimisation) DC
o WRALCOM HEIGHTS 2_115 kWVilod_4043 1

L




Connection Request Assessment — Support of New Standards

Cennection Request - 20 kV Grid\Connection Request PV Plant.ElmConreq™ X
 VDE-AR-N 4105:201 <]
= = . Basic Data Installation definition  Minimum short-circuit power ~ Sudden voltage changes  Flicker ~ Harmonics,[ < | > -
oK
D-A-CH-CZ
Loads
For low voltage networks e
- Name Type CGty.  Out of service Ur SrB PBmax  cos(phiB)
g VDE-AR-N 4105 KWV MVA MW Jumpto ...

VDE-AR-N 4110 1 Charging Station  Unknown 1, O 04 1, 1, 1,

— Update from version 2011 to 2018
- Applicable for generators

 VDE-AR-N 4110:2018

- For medium voltage networks I

1 PV Plant Generator with converter 4, O 04 0,22 02 0,95
2 Wind turbine  Doubly-fed induction generator 1, O 04 2, 19 0,95

Plant PBrmax -1, MW

Generating and storage units

— New guideline replacing the BDEW

- Applicable for customer plants (generator,
" . " Note: For wind turbine generators PEmax= P800 (Max. active power applied over £00s)
loads, storage units, mixing plants and Parkimas 27100
charging equipment for electric vehicles) Pt P G-z 1700w

Junction point ~ || 9 | 20 kY Grid\Station C
Supply transformer ~ || = | .. tation HV/MW\Grid Transformer SIT 16, MVA
Minimum power factor, lambda 0,95
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Handling and Data Management




Improved Project Structure

W . Project
> E]||, Library

« Default Project structure has been tidied-up: v f’*mmmm'
» % Diagrams

- Operation Scenarios are now located in Network Data

Network MOdel fOIder 86 Operation Scenarios
% Variations

- Variations are now located within the 2 Study Cases

Network Model folder Versions
{@} Settings

Variation recording logic remai h d
O eCOr I n g og IC re al nS u n C a nge [E Data Manager - Study Cases\(1 Load Flow : T Network Model Manager: *.ElmlLne
. .
(i.e. recording of Network Data changes) CRIZU+4BBRECEHE VYUY |© 206 00H meum
v E Database Name All Components = Name
E3 Configuration - ¥ Groupings Y
5 System » [ Summary Grid Grid b T ME-SE_LT
Blll DIgSILENT Library 78 Base Scenario & Area "1 NESEL2
v A& DIgSILENT Of  Variation Configuration (% Virtual Power Plant T NE-SW_L1
v Transmission System (O Set Study Time {if} Boundary T NELT
Bl Library (% MNetwork Data Assessment & Zone T NEL2
v & Network Model [ Load Flow Calculation ¥ Substations/Terminals/Switches T NEL3
- Data Manager & Network Model Manager: o o bess
. u -
Network Data &% Contingency Analysis O Substation T3 NELS
35 Operation Scenarios Outage Schedule Report — Terminal 1 MW-NE_LT
_ Red eSI n Of a” |C0nS (3 Variations 2  Check Control Conditions ~ Breaker/Switch T MW-MEL2
g ~ Bl Study Cases Y2 CIMto Grid Conversion O site T3 NW-NEL3
=] -
8 01 Load Flow A& Grid to CIM Conversion 5+ Cubicle T NW-NE L4
. . . . ol
— Alignment with icons of main toolbars s cnmros e | 25 RemeiCamtmae | ¥ N 2 I
EH 02a CA with RAS (Single Time Phas K Reset 5 All Branch Components T, NW-SW.L2
gEl 02b CA with RAS (Multiple Time P x Diagram Layout Tool ? Static Generator T NwL
03Tr 1o G | Load
E|E| ransient Stability 1% Contingency Analysis AC v eneral Loa ToNwL2
BH 03a Transient Stability with Protecti X % Shunt/Filter
= X o @} Graphics Board i T NwW_L3
BH 03b Transient Stability with HYDC ron ® Synchronous Machine
- . - i1 SGLLayout - Grids Set T OSELT
BH 04 small Signal Stability en ™ Line Y o
[ 05 Transmission Network Tools - B\ [ -+ 5?" Layout - K-neighbourhoo 8 2-Winding Transformer = -
BH 05 Transmission Netwerk Tools - O & e A Line Couplings - L
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Characteristics — Support of new data sources

« Support of new sources for characteristics

- From database: direct access to common
databases (Oracle, PostgreSQL, MS SQL
Server) to take time series data

- From result files: using old results e.g.
from the Unit Commitment and reuse
these data as input

|/ Time Characteristic - Characteristics\Generator Profiles\Gas.ChaTime X

Curve

Parameter Gas 0K
Diagram Data S Tabl

ata Source able »
it Cancel

Description Table
Version Recurrence File

Trigge # | ... MS - PSS ON\Set Study Tii
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Result Files — Support of External Databases

» Exporting result files to databases

- Support of the direct database export

- Supported databases via ODBC
* Oracle

* PostgreSQL
« MS SQL Server

@ Result Export - Study Cases\03 Transient Stability\Result Export. ComRes™

Basic Opticns

Advanced Options

Export from w || = | ... Transient StabilityAll calculations
Info
Time interval: -0.100000 s - 10.000000 s

Average step size:
Mr. of time points:

Mumber of vanables:

Filesize: 152,368 kB
Export to Database ~
Database * || =+ | ODBC Database Cenfiguraticn
Table name simulationResults|

Execute

Cloze

Cancel

Apply
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Dynamic Models — New Filter options

* Filtering between different kinds of models

- Allowing to separate models such as
* Model Definition
« Composite Model (Frames)

- Split within the network model manager
by default

- Giving a quick overview what the BlkDef
is doing
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*Z Network Model Manager: *.BlkDef Expression: cUsage=1

@ 7 R o0 BE Fiter |-~ None--

1V & % Y

v Types A Name
3 Model Definition v
=2 Composite Model Frame #2  Composite Type Asm
® Asynchronous Machine Ty... @2 Composite Type Asm(1)
— Busbar Type == ETU458B
@ Current Transformer Type =0 ETU76B
@ DC Machine Type =2  OverloadRelay
A% Harmonic Sources =a  PR21x/P
T Line Type =2 SYM Frame_no droop

v

In Folder

Composite Model Fra...
Composite Model Fra...
Sentron ETU45B
Sentron ETU76B
OverloadRelay
Frame

Composite Model Fra...




Power Equipment Models




Power Equipment Models — Circuit Breaker and Switches |

 Additional options for opening and closing events in time domain simulations

Opening Event

What‘'s New — PowerFactory 2020

Execution Time

Zero Crossing

Current Threshold

Current Threshold
Slope

Execution Time

Voltage Zero Crossing

Voltage Threshold

Closing Event

Voltage Maximum




Power Equipment Models — Circuit Breaker and Switches Il

 Circuit Breaker Envelope Curve N

— Circuit Breaker envelope curve "
representing the dielectric strength during
transient recovery voltage (TRV)

- Envelope curve can now be defined in the Urry
circuit breaker type

System 1 B System 2
- IEC 62271-100 it T s
— Both 2-parameter and 4-parameter curve
for the dielectric strength of the circuit
breaker available
u; l. __________________
’,' R @
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Power Equipment Models — Two-Level PWM Converters

« Support of dead-time: switching in/out of
same leg transistors occurs with an OFF state

delay (both transistors of same leg are OFF)

 For EMT simulation only, detailed model

only

« Dead-time generates considerable
low level harmonics (5%, 7t 11t 13th )

u n n PWM Grid: Phase Current A/Terminal AC
- Two configuration options: SR
= PWM Grid: Phase Current C/Terminal AC
0,125 -
| 60000 Hz
O = U O P 1002 pu
- ead-time parameter in bulld-in modadel, or i ||
J
0,075
300.000 Hz 420.000 Hz 860.000 Hz 780.000 Hz
[0021pu.  /0040pu. [0014pu. /0007 pu.

- Individual transistor gate signals (6

60,00 1200 1800 2400 3000 3600 4200 4800 5400 €000 6600 7200 7800 8400 9000 9600 1020, 1080. [Hz]
PWM Grid: FFT Mag, Phase Current A/Terminal AC
PWM Grid: FFT Mag, Phase Current BiTerminal AC
PWM Grid: FFT Mag, Phase Current C/Terminal AC

signals)
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Power Equipment Models - Transformers

« Single phase three winding transformer

- Railway systems but also for special -
transformers in three phase system

* Frequency-dependent magnetising
impedance

- L(f) and G(f) for harmonic load flow
calculation and frequency sweep

- -

O

* Frolich equations for saturation models

- Improved modelling of magnetising curve
for EMT simulations such as transformer
energisation and resonance studies
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0,30

04
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Power Equipment Models — Further Enhancements

« Synchronous Machines

— Single phase synchronous machines
model (e.g. for railway systems)

— Support of negative sequence torque for
the “Standard” synchronous machine
model

e Shunts

— Support of continuously controlled shunts
- Used for theoretic results
- Modelling PE-controlled shunts
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Documentation material

« Documentation

- Updated User Manual
- Updated Technical References ,
- Updated Scripting References

Contingency Analysis

- New ,Welcome to PF* intro -

Contingency Analysi
Using Remedial Actiol

tem. Please press the button to import the project.

n network model. Carrying out load flow

executing contingency
Action Schemes (Si

to mitigate the effects
Lightning Tr:

» Application Examples S i i
- Redesign of Application Examples dialogue
- Revision of Application Examples

dial Action Schemes (Multiple Time Phase)
ith timed events. Use of the Trace Function for visualising the

simulations and creating plots.

1ance Studies

« Lightning Transients
« Switching Transients
- New Application Examples:
» Texas Grid
* Resonance Studies

e Tutorial

- Revision of introductory tutorial

ew — PowerFactory

¥ Examples from Standards
nple 1
npl

PowerFactory Tutorial

Introduction
Get an overview of basi t cluding menus, windows and toolbars,
er.

What would you like to do?

Create a Project and Build a Network
Create a project and add network elements graphically to build a three-busbar network.

Carry out a Load Flow Calcula
cute d load fl and change the way the

teat




Interfaces, Converters & Compatibility




Interfaces, Converters & Compatibility

* Python Interface
- Support of Python 3.8

« PSS/E Converter

-  Support of PSS/E version 34 for import
- Support of PSS/E version 33 for export

« Compatibility
- Support of Windows Server 2019

- Support of Oracle database clients 18c
and 19c
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Thank you!

And enjoy PowerFactory 2020






