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3 HANDLING AND DATA MANAGEMENT

1 Introduction

PowerFactory 15.2 completes the successful series of PowerFactoryversion 15 releases. The latest
release comes with a broad range of new functions, new electrical models and extensions to the existing
modelling suite. Special attention has been paid to improved calculation and simulation performance.
Moreover, a variety of new features for improved result visualisation and graphical representation has
been made available. With its rich analysis and modelling capabilities, PowerFactoryis perfectly suited
for network planning and operation studies of increasingly smart grids.

This document highlights the new key features and enhancements available in PowerFactory 15.2.

2 Installation and Configuration

2.1 Minimal Database Migration

Upgrading to a new version of PowerFactoryrequires a migration of the database. In PowerFactory
15.2, this is achieved with optimal efficiency via the minimal migration feature, whereby the database is
altered and users’ projects are migrated on an as-needed basis.

PowerFactory will automatically start the migration when upgrading to a new version. In this process,
the user can select whether to run a complete migration or a minimal migration (see Figure 2.1). For
larger installations, the latter option is recommended.

Database Migration Settings @

Migration Type 0

{* Complete: alter database structure and migrate all projects now.

(" Minimal: alter only databasze structure now. Projects will be migrated on activation. Cancel

Figure 2.1: New migration dialog

3 Handling and Data Management

3.1 Network Diagrams and Graphic Features

3.1.1 Heatmaps

The new Heatmap background colouring scheme provides an instant visual overview of the status of
the entire grid. As illustrated in Figure 3.1, critical parts of the grid requiring closer analysis can be seen
at a glance.

The Heatmap colouring scheme is very flexible as it can be used in conjunction with all PowerFactory
diagram colouring modes. In particular, Heatmaps are supported for:

» Alarm colouring, i.e. overloading and voltage violations, outages, etc.

« Calculation results, i.e. loading/voltages, fault clearing times, outage rates, etc.

» Primary and secondary equipment information, i.e. year of construction, cross-sections, re-
lay/CT/VT location, etc.

DIgSILENT PowerFactory 15.2, What's New 1



3.1 Network Diagrams and Graphic Features 3 HANDLING AND DATA MANAGEMENT

« Topological information, i.e. feeders, voltage levels, substation supply, etc.

» Grouping information, i.e. zones, areas, grids, etc.

Creation of a Heatmap background image can be executed via a button on the main toolbar of the
graphic window.

Figure 3.1: Heatmap example

3.1.2 Navigation Pane

The newly-introduced navigation pane provides the user with an overview of the whole network in a
small window. When zooming-in on a part of the grid, the navigation pane continues to show an
overview of the whole network and highlights which part of the network is currently being shown in
the single line diagram. This is illustrated in Figure 3.2.

In addition, the navigation pane supports the relocation of the zoomed area, while maintaining the zoom
level. This is achieved by either moving the red frame inside the navigation pane to the desired location,
or by double-clicking on another location within the navigation pane. By resizing the red frame in the
navigation pane, the zoom level used in the single line diagram can be changed accordingly.

DIgSILENT PowerFactory 15.2, What's New 2
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n.] Graphic : Diagrams\SLD Diagramm IntGrinet

B| £ OFE <l Bk & &
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S7_90kVISTB.
S7_90kVISTB.
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|=|=[14 |4 » | M[\_Overview Disgram ' SLD D

3.1.3 Map Interface

Figure 3.2: Navigation pane

PowerFactory 15.2 provides a general mapping server interface for Geographic Diagrams based on
GPS data. This allows the display of geographical background maps automatically retrieved from an
internet map server. The following map services are actually supported:

* OpenStreetMap (OSM), featuring free-of-charge mapnik-style maps

+ Esri ArcGIS©', including road maps, satellite, and hybrid maps

+ Google Maps®?', including road maps, satellite/aerial, hybrid, and topographic maps

Following user input of the desired map provider as shown in Figure 3.3, PowerFactorycan auto-
matically download and visualize precise background maps using the coordinates of the grid. The
corresponding settings can be found in the Graphic Layers dialog, on the Configuration page.

Visibility
Cori .

Graphic Layers - Diagrams\Overview Diagram'\Settings\Graphic Layers.SetLevelvis *

Layer | Background j
Background type

™ Mone
~

{+ Geographic map

Map corfiguration

Provider Esri ArcGIS hd

Map type Roadmap -

-
Saturation adjustment [y y—

Brightness adjustment

Figure 3.3: New background layer configuration

upon request; additional license agreements with map service providers apply

L9 s

K

Cancel
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3.1 Network Diagrams and Graphic Features 3 HANDLING AND DATA MANAGEMENT

Figures 3.4 and 3.5 illustrate small distribution grids where OpenStreetMap, and Esri ArcGIS© satellite
maps, respectively, are used as the background image providers.

&

&
Blue Lane 9z

~
\,

Figure 3.5: Network example with satellite background map (ESRI ArcGIS©)
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3.2 Study Case Overview 3 HANDLING AND DATA MANAGEMENT

3.1.4 Quick Access to Protection Plots

A protection study often contains many coordination plots, which can make finding the desired plot for
a particular relay difficult. The new quick access to protection plots feature allows direct access to all
existing protection plots containing the chosen relay.

T3 |Generator Protection Cub_5 Grid Overcument  |M-3425 1 A 1 Protection
T3 |Incomer Protection Cub_1 Grid Overcument  |2DCC_D1 1 Protection
T3 |Line Protection Cub_2 Grid Distance REL 70 7 Protection
B et : ~ Protection
E Edit and Browse Data trator Protection |Grid Sub Function |Beclwith M-3425 |1 Protection
C X ) rator Protection | Grid Sub Function |Beckwith M-3425%|1 Protection
I——  Mark in Graphic
C ) : trator Protection |Grid Sub Function | Beckwith M-3425|~ Protection
l—  Isolate (with Earthing)
C M Grid COwvercument | 75J64_1-14 50 H|~ Protection
g Colaate 43 Grd o 75J64_1-1A 50 H| Protecti
E Slot Update i vercument |7 - 1- 1 Protection
C X i Grid Overcurent | 7SJ64_1-1A 50 H|~ Protection
I—— Show Graphic - —
C ; Overcument | 75J64_1-1A 50 H|~ Protection
— Bat-Diagtanm (Buses)
C ) COwvercument | 75J64_1-14 50 H|~ Protection
— Biat-Diagtam (Branchesy
C . . COvercument | 75J64_1-1A 50 H|~ Protection
——  Execute Script Yector Diagrarm o 25J64 19AS0HA P -
—E Execute Table Report Add to Time-Overcurrent Plat vencurent |/ Sk 1 Protection
C Overcument | 75J64_1-1A 50 H|~ Protection
— Time-Overcurrent Plot Sub Furction | Beckowth M34751 P -
C Cu Add o RX Flot ub Function |Beckowith M- 1 Protection
%20 RX Plot dl |
:II Maie... : ge Transformer  {  Max./Min. Fault Curents 4 De
T Delete .
Define +
Edit 3
Add to L

Figure 3.6: Quick access to protection plots

3.2 Study Case Overview

The Study Case Overview is an enhancement of the Project Overview and simplifies the management
of Study Cases. It provides an overview of all existing Study Cases with all active Operation Scenarios,
Variations, Grids and Triggers, as illustrated in Figure 3.7. In this representation, Study Cases are
arranged in the columns of the chart, and their components are visualised row-wise. The Study Case
Overview can be accessed by clicking on the arrow symbol in the upper right corner of the Project
Overview window.

This overview can be used to manage the setup of the individual Study Cases, since it allows the
activation/deactivation of:

+ Operation Scenarios

Variations
» Grids
« Triggers

simply by double-clicking on the cell entries - without the need to activate the Study Cases themselves.
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04.7%-0) Diagram overload limited

03.11.2014 10:00:00
06.2 LVRT Simulation 30% Lin

04.5 P-C Diagram at 18.0kY
06.1 LVRT Simulation 0% Un
03.11.2014 10:00:00
03.11.2014 10:00.00

04.4 P-0) Diagram at 19.0kY
03.11.2014 10:00.00

04.3 P-C) Diagram at 22.0kY
03.11.2014 10:00:00

04.2 P-0) Diagram at 21.0ky
03.11.2014 10:00:00

01 Base Case
03.11.2014 10:00.00
02 Shart-Circuit
03.11.2014 10:00.00
03 Power Curve
03.11.2014 10:00.00
04.1 P-C) Diagram at 20.0kY
03.11.2014 10:00.00
03.11.2014 10:00.00
04.6%-0 Diagram
03.11.2014 10:00.00
05 Harmonics
03.11.2014 10:00.00

4 Operation Scenarios
it Pn = - = - = - = - X X
i Upcc 0.50p.u. - N . . . . ~ X X A
ffa Upcc 0.95pu - . - . . . X
il Upcc 1.00p.u. - N . % . R A
fitla Upcc 1.05p.u. - - . . % .
il Upcc 1.10pu. - - - - _ X

4 Network Variations
= Grid Enhancements 2020
+- Expension Stage 1
+/- Expansion Stage 2
+/- Expansion Stage 3
= Grid Enhancements 2030
+/- Expansion Stage 1
+/~ Expansion Stage 2
+/- Expansion Stage 3
B Grid Enhancements 2040
+- Expansion Stage 1
+/- Expansion Stage 2
+/- Expansion Stage 3

HoH R

R

EE R
oo ow e

CEE -

R
R

A Grids
¥ PCC
##52 Transmission Grid
#% Wind Fam Grid

o X
o X
g

4 Triggers
wfee Wind Speed - - 20,

Figure 3.7: Study Case Overview

3.3 Scaling Factor Characteristics

The scaling of parameters has been improved and simplified in PowerFactory 15.2 via the new Scaling
Factor characteristic.

Using this characteristic, one Scaling Factor can be assigned to multiple elements in PowerFactory . It
is then very simple to change the value by double-clicking on the Scaling Factor in the Project Overview
window.

A typical application of the Scaling Factor Characteristic is the scaling of, e.g. load and generation, in
individual network regions (see Figure 3.8).

4 Operation Scenarios
it Scenario 2015

[fa Scenario 2016 L_57-59

it Scenario 2017

ita Scenario 2018

Ef Scenario 2019

[t Scenario 2020
[ Network Varations (2, 4 active; Recording) S7_90KVISTB.
S7_90KMISTE.

-

Grids (1 active)

Triggers (8 active) |:|

«l+ Generation Scaling Group North (0.9)
I Generation Scaling Group South (0.8)
+~l- Generation Scaling Group West (0.95)
«l+ Generation Scaling Group East (0.85)
«k+ Load Scaling Group North (1.05)

«l+ Load Scaling Group South (1.15) S8 a0kSEE

«k- Load Scaling Group West (1.25)
«k- Load Scaling Group East (1.35)
Current Trigger - ...low\Generation Scaling Group Morth. SetTrigger @

‘Generatlon Scaling Group North OK

Trigger wr|= | ation Scaling Group Morth
Cancel
Cument Value  |[1F] %

I lgnore Trigger

1Y

Figure 3.8: Usage of the Scaling Factor Characteristic
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3.4 Reporting and Visualisation 3 HANDLING AND DATA MANAGEMENT

3.4 Reporting and Visualisation
3.4.1 New Differential Protection Diagrams
Differential protection relays are typically defined as either:

» A magnitude percentage restrained (with single or double slope) differential element with/without
unrestrained differential threshold; or

» A phase comparison with restrained area differential element.
In PowerFactory 15.2, two new kinds of diagram are available for these relay types:

« A differential threshold magnitude diagram (magnitude-based differential), as shown in Figure 3.9.
This diagram is a Cartesian diagram with the restraint current on the x-axis and the differential
operating current on the y-axis.

+ A phase comparison diagram (alpha plane), as shown in Figure 3.10. This diagram consists of an
angular restraint region area with an optional minimum and maximum current magnitude limitation.

600000

[7SDE00
Differential

Stabilizing Current: 1772,56 A

Differential Current: 3545 17 A
5000,00 ifferential Restrained Tripping Time: 0,125
Differential Unrestrained Tripping Time: 9999,900
[Tripping Time: 0,125 s

4000,00

3000,00

2000,00

1000,00
20,00 kV 0,00 2500,00 5000,00 7500,00 10000,00 [ 12500,00
Terminal\Cub_1\7SD&00

Figure 3.9: Current magnitude based differential protection diagram
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Generic phase comparison Relay Model
Differential
A 2,404 sec A 167,297
B 2,404 sec A-72,71°
C 2,404 sec A 47 29°
[Tripping Time: 0,065 s

-2.60 -2,40 -2,20 -2.00 -1,80 -1.60 -1,40 -1,20 -1.00 -0,80 -0,60 -0,40 -0.20
I 1 I I I I I I 1 I 1

1,80 200 220
I 1

[sec.A]
Il 1

S1\Cub_7\Generic phase comparison Relay Model

Figure 3.10: Phase angle based differential protection diagram

3.4.2 Summary Report: Capacitive Earth Fault Current

Strong capacitive coupling between phases and earth can result in high capacitive earth fault currents
during single-phase faults. In order to reduce these earth fault currents, the network can be compen-
sated (e.g. arc suppression via a Peterson coil). PowerFactory 15.2 provides a capacitive earth fault
current report. This report supports the user in defining an optimal compensation system layout. It is
available as a new report type via the Tools menu under Network Data Assessment.

Capacitive earth current EI@
Project MY Distribution Metwork
Study Case 0 - Baze Madel
Min. rumber of lines |0 ﬂ

Giounding Area Humber lc= [A] Humber of Effective Grounding Device Fe [Ohm] e[Ohm] I [&]
of lines grounding grounding
devices
» 1 [TRF_1 117 123,443 1| Solid 516397791 -

2 < TRF_1 0070 0.020 516337791
3 |TRF_8 120 110,475 1| Solid 46188,020
4 - TRF_B 0150 0,200 46188,020
5 |TRF_S M 90,367 1|Solid 516397791
E <> TRF_G 0mo 00200  516337.791
7|TRF_7 19 203.069 0flsolated 0,000
4 |TRF_3 193 145,113 1|Solid B1639.777
] < TRF_3 0,100 0200 B1639.777
10 |TRF_4 296 192,733 1|Solid 0,000
11 <> TRF_4 0,000 0,000

12 |TRF_2 93 236160 1|Solid 0,000
13 <> TRF_2 0,000 0,000

14 |TRF_E 97 302129 1|Solid 0,000
15 <> TRF_E 0,000 0,000

Figure 3.11: Example of a tabular earth fault current report

DIgSILENT PowerFactory 15.2, What's New



3.5 Scripting and Automation 3 HANDLING AND DATA MANAGEMENT

3.5

3.5.1

Scripting and Automation

Python

Several enhancements to Python scripting language support have been made. These include:

Python 3.4: PowerFactory 15.2 uses the new Python 3.4 version by default. For backward
compatibility, Python 3.3 can also be selected in the PowerFactory Configuration.

Improved handling: the Python script GUI provides simple access to input parameters, external
objects and result parameters. The script can access these parameters during execution, and set
result parameters which may be used later (i.e. in reports).

Remote script: PowerFactory has long supported the use of global scripts stored in its Library,
and now extends this concept in version 15.2 to include Python scripts. Users can create a
local Python script (which references a global Python script), allowing customisation and thereby
providing maximum flexibility.

Execution of compiled Python scripts: pre-compiled Python scripts can be executed. The
format of the pre-compiled scripts can be *.pyc or *.pyo.

3.5.2 StationWare Interface

PowerFactory 15.2 has enhanced the StationWare Interface, making it possible to transfer calculation
results from PowerFactory to StationWare. A new option is provided in the StationWare Interface
command, as shown in Figure 3.12.

Station\are Interface - ..es\Base Caseh3tationVWare Interface. Com3tationware @

Transfer Mode

" Import from Statiorisare

* Export to Stationiw'are Cloze
Transferred D ata Cancel

" Transfer device sethings

* Fuport results of last calculation

Device selection
[ Al Devices

Device Selection | = | Grdyl_ 5253

[~ Check only Flausibility

Setting
Lifecycle Phase PowserFactory hd
Multiple Setting Groups
-
1

Object Mapping
% Use Statioriw'are Database |ds
" Use Statioriw are Foreign Keys

Figure 3.12: Export dialog from PowerFactoryto StationWare
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4 ANALYSIS FUNCTIONS

4 Analysis Functions

4.1 Transmission Network Tools
4.1.1 Power Transfer Distribution Factors

The calculation of Power Transfer Distribution Factors (PTDFs) has been introduced in PowerFactory
15.2. Knowledge of these factors assists greatly in the analysis of the impact of a power exchange
between two regions. More precisely, the PTDF command evaluates the change in power flow across
a set of branches, while changing production and consumption, respectively, in two predefined regions.
The interchange region can be a zone, grid, area or boundary. The interconnections between these
regions are called Flowgates.

This calculation requires the selection of two sets of regions: one for exporting (commonly called the
“seller”), and one for importing (commonly called the “buyer”). The Flowgates can either be automati-
cally determined according to adjacent regions, or can be user-defined (by using a set of boundaries).
The scaling elements can be either loads or generators. The PTDF command is available either via the
main toolbar or the Calculation main menu, under Transmission Network Tools. The Basic Data page
of the PTDF command is shown in Figure 4.1.

PTOF Calculation - Study Cases\Base Case\PTDF CalculationComPtdf -2 |3l
Bazic Data Calculation Method
& .
Dutput AL load flaw, I?alanc:ed, pozitive sequence Cloce
" DOC load faw [linear)
Advanced
Load Flovs ﬂ ... WLoad Flow Calculation Cancel
Feqgion data
Exporting regions hd ... @ Caze\PTDF - Expart Set
Importing regions - ... 8 Caze\PTDF - Import Set
Flowwgates

" Al lowgates bebween regions

&+ User defined fowgates

Flowgate zet w|= | _ aze\Flowgates Set

Scaling elements
" Generators
f+ Loads

Loads
f* Allloads
" User defined loads

Figure 4.1: PTDF Basic Options

The result of this calculation is the increase or decrease of power flow through the Flowgates accord-
ing to the change of power in both the exporting and importing regions. All possible combinations of
exporting and importing regions are calculated. An example result overview can be seen in Figure 4.2.
In this example, the regions are different grids and the Flowgates are user-defined boundaries. In the
tabular report each row represents the transaction between the exporting and importing regions, and
the PTDFs are provided in the corresponding cell of the Flowgate column.

DIgSILENT PowerFactory 15.2, What's New 10
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4 ANALYSIS FUNCTIONS

PTOF Calculation

B B =

Study Case: Base Case ﬂ
Result File: PTDF Analysis Results
Flowgates: User defined flowgates
Expart Import PTODF [MW//MW] PTOF [MW/MW] PTOF [MW/MW] PTDF [MW/MW] PTODF [MW/MW] F
[=]l [=]| Fowgate-1-3  [+]] Fowagate 14 []] Fowgate 24 [+]] Flowgate 31 [+| Fowgate 34 [+]]
1 | % Grid East %% Grid West 0.393] 0.642 -1.009 0394 0394 «|
2 | ¥ Grid East 3% Grid South 0.795] 0.205 -0.000 £4.797 0.205 J
3 | # Giid East #4% Grid North 0.507] 0.489 -0.000 .508 0.508
4 | 32 Grid West 3% Grid East -0.393 0642 1.009 -0.354
id South 0.437
6 | i Grid West %% Grid North 0.114] 0.153 1.009 0.114
7 | #¥ Grid South %% Gnid East -0.795 -0.205 0.000 0.205
8 | #8% Grid South #% Grid West -0.402 0.437 -1.009 0.599
9 | %82 Grid South #% Grid North -0.238 0284 -0.000 0714
10 | %% Grid North % Grid East 0.507 0483 0.000 0.508
11 | 4 Grid North %% Grid West 0114 0.153 -1.009 0114
12 | %42 Grid North 3% Grid South 0.288| 0284 0.000 0714 -|

L]
Ln5 12 Line(s) of 12

1 Line(s) selected

3

Figure 4.2: PTDF result table

4.1.2 Transfer Capacity Analysis

The Transfer Capacity Analysis command determines the maximum power transfer capacity between
two regions. To run the analysis, two regions must be specified: one which exports power and one
which imports power. The region can be a zone, grid, area or boundary. The scaling elements can be
either loads or generators.

Canstraints

Output
Iteration Cantrol

Advanced

Transfer Capacity Analysis - Study Cases\Base CaseNTransfer Capacity Analysis.ComTransfer®

Calculation Method
* AC load flow, balanced, positive sequence
" OC load flowe [linear)

Load Flow ﬂ Study Cases\Baze CaszehlLoad Flow Calculation

¥ Contingercy constrained

Cortingency Analpziz - w | = | Study Cazes'B aze CazesContingency Analyzis

Interconnection regions
Exparting region = | Areg p
Importing region w | = | Areg Down

Show interconnection lines |

E interconnection line(s) in total.

Scaling elements
(¢ Generators
™ Loads

Generatars
(* Al gererators

" User defined generators

hd 2
Generator scaling mode
* Marinal active power

" Remaining active power
™ Merit-arder table

(%[l

Clase

dd

Cancel

Figure 4.3: Transfer Capacity Analysis dialog

In addition, it is possible to determine the transfer capacity under consideration of contingency-, voltage-
and thermal constraints. The results are provided in a window as shown in Figure 4.4. In the example
shown, the scaling mode was selected for generators. PowerFactory generates a status report for
each iteration while the power scaling process is running. The Transfer Capacity Analysis command is

DIgSILENT PowerFactory 15.2, What's New
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4.1 Transmission Network Tools 4 ANALYSIS FUNCTIONS

available either via the main toolbar or the Calculation main menu, under Transmission Network Tools.

DIgiIlsinfo - Transfer capacity analysis started...

DIgsT/info - ...from S Netd to B Netz.

DIgil/wrng - Generator & 561 with active power Set o zero is treated as the synchronous compensator and cannot be scaled.
DIgSI/info -

DIgiIl/into - Iteration Exporting Region Importing Region Tranafer Ireration
DIgSl/info - No. Generation (M} Generation (M) Capacity (M} status
DIg3I/info - B Nerd etz

DIgSI/info -

DIgil/info - ) 741,00 1900,77 az1,28 0K
DIgsI/info -

DIg3I/wrng - 1 3928,05 1713,72 921,28 thermal violation
DIgil/into -

DIgSI/info - 2 3834, 52 1807,24 1018,03 0K
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DIgil/info - Transfer capacity successfully calculated. |

Figure 4.4: Transfer Capacity Analysis output

4.1.3 PV Curves Calculation

PV curves are essential for analysing the voltage stability of power systems. The PV Curves Calculation
finds the critical point of voltage instability by increasing the power demand of user-selected loads until
the load flow calculation no longer converges; i.e. until the stability limit is reached. The critical demand
is reported in the output window, and the voltage drop (V), and increasing power (P), can then be plotted
in a PV curve.
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Figure 4.5: Network PV curve

In PowerFactory 15.2, the calculation and the corresponding plots are made available via two separate
commands, both of which are available either via the main toolbar or the Calculation main menu, under
Transmission Network Tools:

» PV Curves Calculation (calculates the critical demand)

» PV Curves Plot (plots the PV curve)
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The PV Curves Calculation can be executed using default settings, but can also be configured to con-
sider contingencies.

P Curves Calculation - Study Casesi\Load Flow (High Load)\PV Curves Calculation ComPuycurves @
B azic Options Calculation
[tesation Contral « AL load flove, balanced, positive sequence o

(" AC load flow, unbalanced, 3-phase [AEC) ose

Load Flow ﬂ ... [High Load\Load Flow Calculation Cancel

¥ Consider contingencies

Contingency Analysis w|= | igh Load)\Contingency Analysis

Scale loads
% Whole system

" User defined selection

Fecord terminal results
Al buzhars in system
" User defined selection

Results w|= | [High Load)'P¥-Curves balanced

Figure 4.6: PV Curves Calculation dialog

The PV Curves Plot offers the following options:

« If the PV Curves Calculation has been executed without considering contingencies, the user can
choose to plot the critical busbar, or select the busbar/s to be plotted.

« If the PV Curves Calculation has been executed with consideration of contingencies, the user can
either choose to plot the busbar of the critical contingency, or may select the busbar/s to be plotted
from a list of defined contingencies. By default, the critical busbar of each contingency is used.

4.2 Distribution Network Tools

4.2.1 \Voltage Profile Optimisation

Voltage Profile Optimisation in PowerFactory 15.2 offers the following new features:

 Independent Consideration of Production and Consumption Case: Definition of a calculation
case, on which it is possible to perform Voltage Profile Optimisation according to predefined set-
tings for the production case or consumption case individually. This results in a clearer graphical
representation, as illustrated in Figure 4.7.

* New objective functions: Optimisation of transformer tap positions by maximisation of either
generation or production. In this case, the voltages will be taken either to the lower limit (production
case) or to the upper limit (consumption case) within the user-defined voltage range.

+ Verification Mode: With this mode, it is possible to check current transformer tap positions. Any
violations of the predefined voltage limits of the transformer will be shown.
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Figure 4.7: Voltage Profile Optimisation according to production case for maximisation of generation

4.3 Arc-Flash Analysis

4.3.1 lterative Arcing-Current Calculation

PowerFactory 15.2 provides an enhancement to the Arc-Flash Analysis. A new option is available
which calculates the arcing-current energy by using the actual current for each step of the arc-flash
calculation (according to IEEE-1584 and NFPA 70E standards). To make use of this feature, the fault
clearing time must be set to be used from the relays iteratively.

4.4 Power Quality and Harmonic Analysis

4.41 Harmonic Distortion and Harmonic Factor

This enhancement increases the flexibility of the Harmonic Load Flow command. To this end, the
Advanced Options page of the Harmonic Load Flow command has changed as follows:

» HD and THD options have been simplified;
» The maximum harmonic order can be set according to:

— Various standards
— Unlimited
— User-defined

+ Optional calculation of HF.
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In addition to the commonly-used harmonics indices:

» Harmonic Distortion (HD)
» Total Harmonic Distortion (THD)

there are new calculation variables available for buses and branch elements:

» Harmonic Factor (HF)
» Total Harmonic Factor (THF)

Further, the naming of various power quality quantities has been standardised and unified across Pow-
erFactory .

Harrmonic Load Flowe - Study Cases\Load Flow (High Loadi\Harmonic Load Flow. CormHIdf* @

Baszic Options Calculate HD and THD Execute

IEC 51000-36 {* Based on fundamental frequency values

" Based on rated valtage/current Elose

Advanced Optiong

Cancel

dd

b &, harmonic arder for calculation of THD and THE | Urkilimited ﬂ
™ Calculate Harmonic Factar [HF]

™ Caloulate B, ¥ at output frequency for all nodes

Calculation of Factor-K, [BS 7821 for Transformers

E xponent 16

Figure 4.8: Redesigned Harmonic Load Flow command

4.4.2 K-Factor Transformers

The Harmonic Load Flow command has been enhanced to be able to calculate K-Factors for 2-winding
transformers. These kinds of transformers allow operation up to nameplate capacity without de-rating
and are designed to minimise harmonic current losses.

The following new calculation variables for 2-winding transformers are available:

» K-Factor (UL 1562)
* Factor-K (BS 7821)
» Harmonic Loss Factor (FHL) (IEEE C.57.110-1998)

This new feature can be used by setting an appropriate value on the Harmonics/Power Quality page
of the 2-winding transformer type. For the calculation of Factor-K, the exponent can be entered on the
Advanced Options page of the Harmonic Load Flow command. Knowledge of the relevant factor can
assist the user in the selection of an appropriately rated transformer.

4.5 Connection Request Assessment

4.5.1 D-A-CH-CZ: HV Resonances

This PowerFactory 15.2 enhancement was introduced in accordance with the D-A-CH-CZ (HV exten-
sion document) recommendation to consider resonances in HV networks. Resonances are undesirable
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because they exacerbate harmonic source currents and voltages, thereby possibly resulting in equip-
ment damage.

The Harmonics page of the Connection Request Assessment command has been changed as shown
in Figure 4.9, and the Connection Request element has been enhanced to include additional Harmon-
ics options (relevant to HV networks only). According to these new options, the Connection Request
Assessment report (according to D-A-CH-CZ) will additionally print the following quantities:

* First parallel resonance point
» Automatically-detected supply transformers

¢ Emission limits

Connection Request Assessmment - .., Casesiload Flow (High Load)\Connection Request Assessment.ComConreg ™ @

Basic Options Method According to D-4-CH-CZ | EperE
Outputs Close
Calculations
[~ Waoltage changes and flicker Cancel

[~ Yaltage unbalance
v Harmanics
[ Commutation notches

[ Interharmonic volkages

Regonances [HY networks anly)

Consideration of resonances Approximate -
Gnd contains mostly Cables hd
Calculation of emizzion limite Simnplified -

Operation Scenarnio for calculation of SkKv_akt || = | Dperation ScenarioshT ppical

Figure 4.9: New Basic Options page of the Connection Request Assessment command

4.6 Reliability Analysis Functions
4.6.1 Optimisation of Power Restoration

When calculating Reliability Assessment for distribution systems in PowerFactory 15.2, partial restora-
tion occurs by default to solve violations of constraints.

After the isolation of failures, parts of the network may be unsupplied. However, the network can be
reconfigured by moving the tie open point in order to restore as much power as possible. For each
sectionalising stage of switches, the new optimisation method offers three power restoration modes:

+ Disabled (no movement of tie open points)

» Enabled without load transfer (tie open points can only be moved between the feeder and a
directly-bordering feeder)

» Enabled with load transfer (tie open points can be moved between a bordering feeder and a
second-level bordering feeder)
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These new modes are available on the FEA page of the Reliability Assessment command, as shown in
Figure 4.10.

Reliability Assessrnent - Study Cases\DocumentationtReliability Assessment.ComBel3 ™ @
Baszic Options Load/Generator Priorities
& Lowest pricrity number refers ba most critical load/ generatar
Outputs ol
" Highest priority number refers to most critical load/generator B2
FE&
Cancel
Costs Faulk Clearance Breakers
Cohstraints * Use all circuit breakers Canting.
. 7 Orly use switches with protection device
Maintenance
Load D at . . .
nadtata Switching procedures for fault separation/pover restoration
Advanced Options {* Cancurently

" Sequential

[v Conzider Sectionalizing [Stages 1-3)

Time to open remaote controlled switches 1. miir,
Power restoration
Dphimization for stage 1 | Enabled with load transfer j
Dphimization for stage 2 | Enabled with load transfer j
Dphimization for stage 3 | Enabled with load transfer j
Dizabled

Enabled out load transfer

Enabled with load bratsfer

Figure 4.10: FEA dialog with new load transfer optimisation methods

4.6.2 Distribution Transformer Failure Model

Distribution transformer types can be used in the modelling of MV loads, and provide the functionality
of a built-in transformer. PowerFactory 15.2 supports the definition of stochastic failure models for the
distribution transformer type. The fault behaviour of the distribution transformer can then be modelled
and analysed in Reliability Assessment. This is done in the same manner as for other transformers, ex-
cept for the fact that the load connected behind the transformer is not supplied until the end of the repair
duration. As for other transformer types in PowerFactory, the transformer failure model is defined on
the Reliability page of the distribution transformer type, as shown in Figure 4.11, and is then displayed
on the Reliability page of the associated element.
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Distribution Transformer Type - Equipment Type LibranADistribution Transformer Type. TypDistrf = =]
Basic Data Trangformer Failures oK
Stochastic model w | = | . Type LibranTranstormer Failures
Load Flow p i Cancel
Farced Complete Outage Rate 0,056 1/a
Forced Outage Expectancy 105728 h'a

Complete Shart-Circuit

Fib45-Simulation
EMT-Simulation

Harmanics/Power Quality

Relisbility

Description

Forced Outage Durstion 1888 h

Transforrner Failures - Equipment Type LibranATransformer Failures. StoTyptrf

MName [Tranzformner Failures
Earth Fault .
Failure Data
Ld
0,056
Outage Expectancy 10,5728 hia
Repair Duration 1888 h

=)
Cancel

Figure 4.11: Distribution transformer type and transformer failure definition

4.6.3 Generator Failure Model

In addition to existing failure models, PowerFactory 15.2 allows the definition of stochastic failure mod-
els for generators (synchronous machines, static generators, PV systems, etc.). The failure model can
contain any number of load level states; each state representing the availability of the generator over
a year. Hence, complete and/or partial outages can be modelled. States can be defined using the
following parameters:

Name of State
Availability [%]
Probability [%]
Duration [h]

Total Duration [h/a]

Frequency per year [1/a]

Upon execution of Reliability Assessment, PowerFactory creates a separate contingency for each de-
fined state. A load flow is calculated considering the reduced availability (including 0%) of the generator,
and depending on constraint violations, load shedding and/or re-dispatch of alternative generators may
result. The generator failure model is defined in the generator element on the Reliability page, as shown
for the case of a synchronous machine in Figure 4.12.
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Synchronous Machine - Grid 230 KV\SE 16\sym_16_1.ElmSym 7 ][=]
Basic Data Stochastic Model for Generation oK
Load Flow Stochastic Model w | = | . ent Type Libran\Sym\Stochastic Model for Generation
Based on Nominal Power (Pn) 182 MW ﬂ
VDE/IEC Short Circuit ased on Nominal Power (Pn) v
o Full Availabiy Bxpectancy 7493304 h/a Figura 5
Expectancy of dereted states 1286.696 h/a
Forced Outage Expectancy 82476 h/a o
pto .
Stochastic Model for Generation - Equipment Type Library\Sym\Stochastic Model for Generation.StoGen [~ | [
Name oo e o Corric
RMS-Simulation
EMT-Simulation Number of derated states P = Cancel
Hamenics/Power Qualty ST
Frotection State Availabilty | Probabilty | Durstion | Frequency peryear | Total Di
Optimal Power Flow i i b
X 100. B554| 4444444 168 5533 -
State Estimation 2_|Partial Availability 8D, 13.45 4472 2
3 |Outage 1] 101| 7404453 1.194902 =
Generation Adequacy
-
Description g f

Figure 4.12: Generator element and stochastic model for generation

4.7 Stability Analysis Functions (RMS- and EMT-Simulation)

4.7.1 C Interface for Dynamic Models

The newly-developed C Interface lets the user program virtually any model using the C language. The
advantage with respect to the existing DSL models or MATLAB interface models is that the model is
then compiled and may run as fast as a standard PowerFactory element.

4.7.2 Fast DSL Functions

DSL has been enhanced via the introduction of the following fast functions: selfix(), limfix() and outfix().
These functions are analogous to the existing functions select(), limits() and output(), with the notable
difference that they are evaluated only at initialisation, which provides significant speed-up depending
on their frequency of use. The introduction of the new functions exploits the fact that a great proportion
of the above-mentioned, existing functions were called on constant parameters in dynamic models, e.g.
to select a switch or to warn about a parameter lying outside its allowable range, and thus need not be
evaluated at each step.

Block Definition - Library'Standard Models 15.2%avr_SEXS\Used Macros\{K/(1+sT)}.BlkDef

B azic Data Additional equations
limfix(T)=[0,) -
x.=zelfix (T=0, (K*yi-x)/T,0.0)

Dezcrnption yo=selfix (T»0, limstate (X, ¥_mwin, ¥ wax), lim(E*yvi, v min, vy _max))

Figure 4.13: Usage of new, fast DSL functions

4.7.3 Compiled Improved Standard Libraries

The standard models provided by PowerFactory have been enhanced with the use of new, fast DSL
functions and are delivered in a compiled form to achieve greater speed-up.
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Block Definition - Librany\Standard Models 15.2%avr_SEXS.BlkDef *

General ] Advanced ]

o
s

L Mg

Equations MName |aw_S ExS Usage: Model D efinition
Cancel

D ezcription Title |Simplified Ewcitation Spstem

Maodel type
" D5L maodel

(¢ Campilzd madsl DLL-file |.\Standard Modelshavr_SEXS dll J
" MATLABR M-fle model

Wariables

|UEHS

|VDB|,\-‘UB|,USBtD,U,uDSS

|:-ch,:-:e

| TE.T k. Te Emin Emax
|d:-:b,bias,\z"bias,\-"l,awref,01 1013 m

DLL info
Source: Autornatically generated C-file of DSL model avr_SEXS

Wersion: 1520

Created: 04.07.2014

Authar: DIgSILEMT GrabH

Campaty: DIgSILEMT GrabH

Copyright: DIgSILEMT GmbH, DSL-to-C converter

Chieck surn: OFBF-DF92-1FE2-DE03

D5L info

OFBF-DF32-1F82-DE09

Figure 4.14: Compiled standard model avr_SEXS

4.7.4 Automatic DSL-to-C Interface Converter

The speed-up provided by the C Interface extends beyond models coded directly in the C language, and
models within the standard library. In addition, the user can create or modify an existing DSL model, run
the automatic DSL-to-C Interface Converter and simulate the customised model as fast as a standard
PowerFactory element.

voel

vl A

Emax-

L, (1esTOM(1+sTay M {KI +5Th} uers
ThTa X Te

. .Emin. .

Figure 4.15: Modified model avr_SEXS
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Block Definition - User Defined Models\avr_SEXS.BIkDef -7 |[==a]
Equations [ Automatic calculation of initial conditions
P Cancel
o Classification

Description
Caution: changing level of already used models requires adaptation of all dependent models. Check
Level 4 -
v Linear Equations
Compilation options Macro equat.
Author |Devel0per |
Company |DIgSILENT GmbH

Pack->Macro
Copyright |DIgSILENT GmbH
Version |'| m
Check for compilation Compile... [

Figure 4.16: Compilation options for modified model avr_SEXS

4.7.5 Algorithmic Enhancements and Additional Options

Further performance improvements are made possible via the use of the following algorithm options:

» Fast convergence check
If this option is enabled, PowerFactory 15.2 will run faster because it determines convergence via
advanced heuristics instead of checking each equation.

» Fast computation of outputs
PowerFactory 15.2 will run faster because it will use the last available output from the solution
process instead of recomputing each single quantity.

+ Fast independent solution of network and dynamic models
This option determines convergence sequentially and independently on network and dynamic
models rather than simultaneously. PowerFactory 15.2 may run significantly faster with this option
enabled in case of systems exhibiting convergence difficulties.

» Apply DSL events directly
This option enables internal DSL events stemming from the select(), lim() and limstate() functions
to be applied directly within one step which, depending on the number of transitions occurring,
may be significantly faster than scheduling and applying each transition singularly.
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Calculation of initial conditions - Study Cases\5tudy Case\Calculation of Initial Conditions.Comlnc @

Basic Optiors General ]f-‘«dvanced ]
Simulation Scan Integration camtral
Close

Step Size b airnumn errar for dynamic model equations ’017 4
- ! ['amping factor ,17 Cancel
Salv : .
Moige Generation
Feal Time [teration control

b awinnuirn error for bus equations 1. ki,
b airmum ermor for network model equations ,17 4
bl i rurnber of iterations ,257
Iteration limit bo recompute Jacobian matri= ,57

Algorithm control

[ A-stabls integration algorith for all models
[V Fast convergence check

[v Fast computation of outputs

[ Fastindependent zalution of netwark. and dynarnic models

Reference system
+ Global reference systenm

" Local reference system (individual in each isolated area)

[v Calculate maximurm rator angle deviation [diratx)

Figure 4.17: New solver options in calculation of initial conditions command

4.7.6 Simulation Scan

The Simulation Scan modules have been enhanced by a user-selectable scan location. This location
can be the whole system, a set of elements or a single element. Additionally, PowerFactory15.2
introduces the new Synchronous Machine Speed Scan module.

DIgSILENT PowerFactory 15.2, What's New 22



4.7 Stability Analysis Functions (RMS- and EMT-Simulation) 4 ANALYSIS FUNCTIONS

e

Synchronous Machine Speed Scan Module - ...e Speed Scan Module 5cnSpeed @

Scan location

* Al synchronous machines Cancel

" Usger defined

Speed settings

b airruan lirnit 1.02 pLLL
kdirirnumn lirit 0,33 pLLL

Activation time

Hours 0 h Time step n.m %
hirLites ] m
Secondz 0, z

Action
* Dizplay meszage
(" Stop simulation

" Trip generator

Figure 4.18: New Synchronous Machine Speed Scan module showing the new Scan location option
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5 Models

5.1 New Models

5.1.1 Asynchronous Machine

A new asynchronous machine type (saturable) is available in PowerFactory 15.2. This type allows the
following parameters to be defined for single-cage rotor asynchronous machines:

* Iron losses

Main flux saturation
« Slip- and current-dependent stator reactance

+ Slip- and current-dependent rotor reactance

Slip-dependent rotor resistance

Figure 5.1 shows the equivalent circuit for the new asynchronous machine type.

Ii.. rstr xstr TDt{SiiS} rrlr(s) Xrir tot{s:ir)

Us

Figure 5.1: Dynamic model of the new saturable asynchronous machine type

where:

rqr. Stator resistance

rfe. Iron losses

r--. ROtOr resistance

Tsrtot: JOtal stator reactance (including dependencies)
ZTrirtot: TOtAl rotor reactance (including dependencies)
zm: Magnetising reactance

5.1.2 AC Current Source with Two Connections

A new AC current source with two connections has been introduced in PowerFactory 15.2.

The new element is load-oriented and extends the functionality of the existing AC current source by
being able to be connected between different voltage levels.
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Figure 5.2: New AC current source with two connections

5.1.3 Extended Fuse Library

PowerFactory 15.2 provides new Siemens fuse types in the relay library, which can be found in the
download area of the DIgSILENT website.

5.2 Model Enhancements

5.2.1 LV and MV Loads: Input of Yearly Energy Consumption Value

The low voltage load and medium voltage load elements have been enhanced to allow the input of
the annual energy consumption. This new input mode is called “E, cosphi”. This enhancement allows
the use of load profiles which are normalised to the annual energy consumption. Using the yearly
consumption and the assigned load profile, PowerFactory automatically calculates the active power
value at the given study time. This new input mode can also be utilised when running the Quasi-
Dynamic Simulation over a user-specified time period.

5.2.2 Unbalanced MV Load

The medium voltage load element has been enhanced to be able to use different phase technologies.
With this enhancement, a more detailed consideration of unbalanced network conditions is possible.
The following phase technologies are now supported:

» Three-phase technology:

— Delta connection (D)
— Connected to neutral (YN)
— Connected to earth (PH-E)

» Two-phase technology:

— Connected to neutral (YN)
— Connected to earth (PH-E)

+ Single-phase technology:
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— Phase to phase connection (PH-PH)
— Connected to neutral (YN)
— Connected to earth (PH-E)

In addition, a new parameter “Generation Scaling Factor” has been introduced for load flow analysis,
which scales the generation value of the load.

5.2.3 Synchronous Machine

The synchronous machine element has been enhanced in PowerFactory 15.2 to allow the configuration
of the excitation system.

It is now possible to define the Efd base ratio, which is the ratio between the exciter rated voltage and
the machine excitation rated voltage. Additionally, the following options are available on the RMS- and
EMT-Simulation page of the synchronous machine element:

+ Air gap line The excitation voltage (ve) and current (ie) is 1 p.u. for a machine without saturation
at rated machine voltage under no load (P,Q = 0);

* No load with saturation The excitation voltage (ve) and current (ie) is 1 p.u. for a machine with
saturation at rated machine voltage under no load (P,Q = 0);

+ Full load with saturation The excitation voltage and currentis 1 p.u. for a machine with saturation
at rated machine voltage under full load.

P =S5, - cos(pn) (1)

and
Q =S, -sin(p,) (2)

[ A-gtable integration algonithm

Excitation System

Efd baze ratio 1.

Excitation base mode |Air gap line j
Mo load with saturation
Full load with zaturation

Figure 5.3: Excitation system of synchronous generator

The synchronous machine model has been enhanced for the RMS-Simulation with support of the “Clas-
sical Model”. This is a simplified model of an AC voltage source behind a transient impedance.

5.2.4 PWM Converter

In PowerFactory 15.2, the PWM converter has two new control modes for load flow analysis:

» P-cos(phi): Specifies P and cos(phi) on the AC side

+ Vdc-cos(phi): Specifies the DC voltage setpoint and power factor on the AC side
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An additional enhancement is the consideration of droop, which is the preferred control mode when
building meshed HVDC systems. In PowerFactory 15.2, this is carried out according to the following
equations:

For control modes according to active power:

P = Pset + 1/k . (Vdc - Vdc,set) (3)

For control modes according to DC voltage:

Vdc == Vdc,set + k- (P - Pset) (4)

5.2.5 DC Pole Losses for Rectifier and PWM

The rectifier and PWM elements can now have their losses defined. As such, three new input fields
have been introduced:

* No Load Losses (kW);
» Switching Loss Factor (kW/A);

* Resistive Loss Factor (Ohm).

DC pole losses are reported in MW following a successful calculation.

5.2.6 Standardisation of Generator Dialogs

To provide a more intuitive handling of generator dialogs, enhancements have been made to the Load
Flow pages of the following elements:

» Synchronous machine

» Asynchronous machine

Static generator

* PV system

Station control

For improved accessibility the Operational Limits settings have been moved to a separate tab.

Additionally, a new frame “Actual Dispatch” on the General tab shows the actual values (P, Q, S,
cos(phi)) calculated depending on the selected Local Controller and Input Mode. This is shown in
Figure 5.4.
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Figure 5.4: Static generator dialog

5.2.7 Local Controller Options

Various generator models have been enhanced with additional controller options. These are available
in the upper right corner of the Load Flow page of the element dialog, as shown in the case of a static
generator in Figure 5.4. New and improved Local Controller options include:

Q(P)-Characteristic: The new Q(P)-Characteristic is freely-definable either as a p.u. curve or a
MW/Mvar curve, as shown in Figure 5.5. Analogous to PowerFactorytypes, these characteristics can
be managed via the Operational Library and are available for synchronous machines, static generators,
PV systems, asynchronous machines (DFIG), and station controllers.

cosphi(P)-Characteristic: The cosphi(P)-Characteristic has been extended to include curves in which
the overexcited power factor limit corresponds to the higher active power value. The improved character-
istic is available for PV systems, and station controllers, and is now also available for static generators.

Q(V)-Characteristic: In this control mode the reactive power setpoint follows a specified voltage char-
acteristic. This control mode is now also available for static generators.

Voltage - Reactive Current (Iq) Droop: This new control mode is modelled according to:

I, 1,
roop — ——=—p. gE 3
dUd P Kdroop : Ipna'm, [p h ] ( )

where I, and I, = are the reactive current and the active nominal current, respectively. It has been
introduced for static generators, PV systems, and asynchronous machines (DFIG).
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Figure 5.5: Q(P)-Curve dialog

5.2.8 Tower Model

The defined geometry of a tower type is now represented graphically in the type dialog. It is displayed
next to the tower circuit coordinates table, as shown in Figure 5.6. In this diagram, the positions of the
multiple three phase systems mounted on the tower can be seen. As a reference, a rectangular object
in the lower left corner of the diagram symbolises a person of average height (1.8 meters).

In order to see this graphical representation of the tower, the user must first define the positions of
the different phase conductors and the earth conductor in terms of X and Y coordinates in the table
provided.

DIgSILENT PowerFactory 15.2, What's New 29



5.2 Model Enhancements

5 MODELS

Load Flaw

WDE/EC Short-Circuit
Complete Short-Circuit
ANSI Short-Circuit

EMT-Simulation

Harmonics/Power Quality

Fieliability

Description

Towver Type - Mine_BushTower Type TypTow

General Geometry ]

Coordinate of Line Circuits [m]:

#1 2 #3 1 Y2 '3
P Circuit 1 5.5 25 4.1 145 145 18, -
Circuit 2 | 55 -25 41 14.5 145 18,
‘ -
4 »
Coordinate of Earth Conductars [m]:
Y

P+ Earth Conductar 1

Figure 5.6: Tower geometry

5.2.9 3-Winding Auto Transformer

(-8l
o |

Cancel
Calculate

The 3-winding transformer can now be modelled with an auto transformer between the medium- and

low voltage sides.

5.2.10 Support of AC-DC Intercircuit Fault Events in EMT Simulations

For EMT simulations it is now possible to define intercircuit fault events between DC and AC nodes,
and a fault impedance. This event type may also be used to create a current path between AC and DC
nodes in normal operation.
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6 Performance

6.1 General Improvements

PowerFactory 15.2 provides significant general improvements via the use of new calculation algo-
rithms. Some highlights include:

» Performance Various standard power system analysis functions exhibit significantly enhanced
performance due to the use of algorithm optimisation and new data structures. Major performance
improvements can be seen in:

Complete Short-Circuit calculation considering all buses
RMS- and EMT-Simulation for large networks (see 6.2)
Network Reduction

Effectiveness calculation under consideration of large numbers of contingencies
+ Large-scale systems Solution of large systems with controlled precision using a state-of-the-art
iterative linear solver.

The Study Case graphical user interface has been redesigned. It provides access to the new iterative
linear solver and to further calculation options.

Study Case - Study Cases\Base CaselntCase

General | Calculation matrices ] Advanced ] m
Calculation Options Topological processing Caricel
Breaker reduction j

Drescription | Erhanced mode
W Calculate results far all breakers Contents

Solution of linear equations
{* Direct method
(™ Iterative methad

i

Basic Data

Figure 6.1: New Study Case dialog

6.2 Stability Analysis Functions (RMS- and EMT-Simulation)

PowerFactory 15.2 provides considerable performance improvement for both RMS and EMT simula-
tion. Section 4.7 describes various enhancements which significantly increase the simulation speed,
depending on the specific dynamic model. In summary, these are:

» The newly-developed C Interface, which offers the possibility to include any customised dynamic
model in a compiled file which will run as fast as a standard PowerFactory element (see 4.7.1);

* New, fast DSL functions which can speed-up the simulation of DSL models considerably (see
4.7.2);

» Compiled models in the standard library for major performance improvement (see 4.7.3);

» The possibility to compile user-defined models using the new automatic DSL-to-C converter, which
allows the user to run a customised DSL model as fast as a standard PowerFactory element (see
4.7.4);

» Advanced algorithmic options which offer additional speed-ups (see 4.7.5).
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