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1. Introduction 

The development of DIgSILENT (DIgital SImuLator for Electrical NeTwork) software began in 1976, and utilized the 
ta lent of many experienc ed power system eng ineers and software developers d irec tly involved with the p lanning , 
opera tion and maintenanc e of power systems. Sinc e the inc ep tion of DIgSILENT, the p rogram has grown to 
inc orpora te a vast a rray of ana lysis fea tures tha t a re required to p lan, opera te and ma inta in any aspec t of the 
power system. The new DIgSILENT PowerFactory softwa re is an integra ted power system ana lysis tool tha t c ombines 
reliab le and flexib le system modeling c apab ilities, with sta te-of-the-art solution a lgorithms and a unique da tabase 
management concept.  

PowerFactory incorporates an impressive and continuously growing list of simulation functionalities including: 

 

Load Flow and Fault Analysis of complete AC/DC 
network representation, and allows meshed and 
mixed 1-,2-, and 3-phase AC and/or DC networks to 
be modeled.  

 

Low Voltage Network Analysis  

 

Distribution Network Optimization  

 

IEC Cable Sizing   Dynamic Simulation  

 

EMT Simulation    Eigenvalue Analysis  

 

System Identification   Protection Analysis:  

 

Harmonic Analysis Reliability Analysis 

 

Production Planning  

 

Voltage Stability Analysis  

 

Contingency Analysis  

 

Power Electronic Device Modeling  

 

Grounding   A/D Interfacing  

 

Interface for SCADA/GIS/NIS  

 

Compatibility with other software systems such as 
PSS/E & PSS/U  

 

Multi-User Database and User Accounting  

 

Advanced Tools: Optimal Power Flow and 
Production Planning 

PowerFactory - the new generation power system analysis software was first released in 1997 providing the required 
product stability to guarantee efficiency in your daily application. 

2. What Makes PowerFactory Unique ? 

There are many commercial packages available that can address most power system analysis problems. However, 
these packages differ considerably in their integration, result validity and computational efficiency. This is due to a 
variety of approaches employed to incorporate the following software requirements: 

 

General software package design.  

 

Data structures and redundancy.  

 

Precise object definition.  

 

Mathematical formulation.  

 

Solution techniques.  

 

Programming and maintainability.  

 

Man-machine communication structures, 
techniques and compatibility.  

 

Versatility.  

 

Functional interaction.  

 

3. General Concept 

DIgSILENT PowerFactory comes with a number of advanced features introducing highest flexibility and providing 
best possible user support and quality assurance mechanisms. 

 

Functional Integration 

 

Vertically Integrated 

 

Database Integration        
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4. Mode Of Operation 

Windowing Operation  

Separa te windows a re ava ilab le for output d isp lay, 
sing le line graphic s and substa tion d rawings, da ta base 
ed iting and c a lc ula tion func tions. Add itiona lly, multip le 
windows in eac h window c lass may be open 
simultaneously to show for example d ifferent aspec ts of 
the same substa tion graphic , or to highlight d ifferent 
hierarchies in a network single line graphic 

 

DIgSILENT PowerFactory may be opera ted as a bac kground p roc ess in situa tions where it is integra ted into GIS/ NIS 
or SCADA systems or linked with other simula tion tools suc h as SIMULINK, ASPENTECH’s p roc ess simula tion tool or 
other software systems requiring interac tion with network ana lysis p roc edures. The eng ine mode a lso fea tures 
para llel p roc essing with other PowerFactory p roc esses. The "Eng ine Mode" c apab ility permits the remote c ontrol of 
all PowerFactory functions. 

5. Data Management 

Introducing Intelligent Data Structures 

In order to minimize da ta redundanc y, ob jec t da ta is sp lit into Type

 

and Element Da ta

 

so tha t the same set of da ta 
c an be used many times via type referenc es. For most network ob jec ts suc h as c ab les, motors or relays, 
comprehensive libraries are provided allowing user access and maintenance on various levels. 

Libraries 

The user is free to define and organize his own integrated libraries for all kind of data, grids, output definitions, forms, 
user-written models, frames, fault sequenc es, DPL sc rip ts, etc . Spec ia l importanc e is g iven for equipment types suc h 
as transformers, c ab les, genera tors, motors, c onduc tors, tower c onfigura tions, c ontrollers, relays or any other ob jec t 
support by the PowerFactory software. 

System Stage Management 

In genera l, any network struc ture is organized a round Grid Definitions suc h as the transmission systems, the 
d istribution networks, industria l c omplexes, c omposite models or neighboring systems. Here, the user is free to 
organize all data according to his individual requirements. 
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6.  The Graphical Editor 

Interactive Graphics 

DIgSILENT PowerFactory also provides a fully integrated graphical editing environment, which enables the user to: 

 
Draw and mod ify elec tric a l g rids for integra ted network and a rea d iagrams, c lassic sing le line and 
substation configuration diagrams, with a configurable multi-layer network viewing and plotting capability;  

 
Multi-Layer-Techniques: view and opera te severa l windows with d ifferent layers and g rid sec tions 
simultaneously. Utilize several graphical representations of the same system at the same time;  

 
Auxiliary graphics are best used to further document your drawings via text boxes or sketches  

 
Utilize a c omprehensive "d rag and d rop" power system element lib ra ry c onta ining transformers, genera tors, 
HVDC systems, etc., which the user is free to expand to include new elements for both devices and types  

  

Define substa tion d iagrams tha t genera te the graphic a l representa tion of basic HV and MV substa tion 
types automatically according to the ABB handbook, namely for:  

 

1-, 2- and 3-busbar systems with and without transfer buses  

 

U-Bars   Ring main schemes   1 1/2 breaker schemes  

 

Automatically modify library-generated substations according to user specific requirements;  

 

Reflect any editing activity on the graphical level immediately in the case definition;  

 

Network Coloring: define d ifferent c olors and line wid ths to represent voltage levels, voltage bands, a reas, 
grids, isolated voltage levels, or other user-defined criteria;  

 

Define single or multiple breaker and disconnectors in cubicles and hence in the station graphic;  

 

Update, ad just and c ompare sing le line d iagrams and c ase definitions to guarantee tha t g raphic a l 
versions of grids are consistent;  

 

Initia te c a lc ula tion events d irec tly within the graphic a l environment, inc lud ing c irc uit b reaker switc hing , 
fault implementation and other data changes;  

 

Results Display:

 

Display c a lc ula tion results immed ia tely in result boxes within the sing le line d iagram. All 
p rogram variab les and signa ls c an be d isp layed ac c ord ing to the most flexib le user definition for va rious 
ob jec t c a tegories and levels;  Ac c ess equipment ed iting menus in the sing le line d iagram by c ursor 
selec ting the appropria te element, reg ion or c omposite model;   Zoom-in or zoom-out of area networks or 
composite model graphics;  Show a mixed representation of detailed substation and single line graphics;  

 

Display any c a lc ula tion result, ob jec t pa rameter or add itiona l user text a t any loc a tion ac c ord ing to user 
definab le settings;  Elements in ob jec t b rowsers c an automatic a lly be searc hed and marked in graphic s 
for visual identification  

Block Diagrams for User Written Models 

DIgSILENT PowerFactory fea tures the most user-friend ly, flexib le and powerful definition of user written models within 
a fully graphical environment. The integrated graphical editor provides the needed flexibility to implement the most 
c omplex models a lso supporting unlimited model nested . Connec tivity c hec ks a re permanently ac tive ensuring 
proper "wiring" of all frame signals and model connections. 



 

5

  

7. Documentation 

DIgSILENT PowerFactory p rovides various methods and op tions to doc ument input and output da ta , report and 
print calculation results and to generate graphical documents. 

Text Output 

Following the c lassic a l approac h, text pages c an be genera ted to report on entered equipment da ta , summarize 
c a lc ula tions results, p rint deta iled reports on load flows and short c irc uit results, doc ument harmonic ana lysis results, 
p rovide lists on relay c harac teristic s and relay settings, or summarize on DSL models. All reports c an be p rinted in 
graphical format on standard printers in various formats. 

Text output is based on forms with flexib le definitions ac c ord ing to user needs. At any time, user may c hange 
reporting language, layout and variables. Standard outputs are pre-defined in A5 size format. 

Spread - sheet Output 

Both, Da ta Manager as well as the Ob jec t Manager fea ture a d irec t link with the Windows Clipboard a llowing to 
d irec tly transfer any variab le into other app lic a tion p rograms. As spec ia l Flexib le Page definition is supported whic h 
makes it possib le to report and d isp lay any variab le suc h as input parameter, c a lc ula tion result, DSL signa l or DPL 
script variable. 

Virtual Instruments 

DIgSILENT PowerFactory app lies the c onc ep t of Virtua l Instruments (VI) as a tool for d isp laying any c a lc ula ted result 
or va riab le. These results may be in the form of bar graphs, p lotted c urves, or even tab les of va lues, with a ll d isp lay 
representations completely user-definable. 

Graphical Documentation 

Graphic a l interc hange with other software systems via the Windows Meta File (WMF) and Bit Map exc hange is 
available with high precision coordinates.  

8. Load Flow Analysis 

Within the Load Flow analysis environment, the accurate representation of a variety of network configurations and 
power system components is possible. Any combination of meshed 1-, 2-, and 3-phase AC and/or DC systems can 
be represented and solved simultaneously, from HV transmission systems, down to residential and industrial loads at 
the LV voltage levels. The Load Flow tool accurately represents unbalanced loads, generation, grids with variable 
neutral potentials, HVDC systems, DC loads, adjustable speed drives, SVS, and FACTS devices, etc., for all AC and 
DC voltage levels.  

DIgSILENT PowerFactory is introduc ing a new, intuitive and easy-to-use modeling tec hnique fully avoid ing the 
definition of bus types suc h as SL, PV, PQ, PI, AS or any other definition often required to model spec ia l devic es. 
PowerFactory simply provides such control mechanisms and devices characteristics which are found in reality. 
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Contingency Analysis 

The new DIgSILENT PowerFactory Contingency Analysis functions have been designed to offer a high degree of 
flexibility. There are now three different ways that contingency analyses can be carried out: 

 

By analyzing a single contingency. This is achieved by selecting one or more objects for simultaneous 
outage, and running a load flow case to analyze the outage.  

 

By creating one or more contingencies, each of which may define one or more objects to be taken out of 
service simultaneously. Load flows are then run to analyze all outage combinations  

 

By running a DPL script that specifies certain contingencies, which are then analyzed sequentially.  

A detailed report of each contingency case for each option is available after the analysis has been completed. 

Further Special Functions 

 

Analysis of system control conditions   Calculation of dV/dQ sensitivities.  

 

Parameter scaling for the determination of voltage stability curves (V-P) and transfer limits (Voltage Stability 
Analysis)   Determination of "Power at Risk"  

 

Automatic Outage Simulation (n-1), including detailed reports for user-defined voltage limits and 
equipment overloading   Support of DPL scripts e.g. to perform load balancing, determination of penalty 
factors.   

Feeder Analysis 

9. Optimal Power Flow 

The OPF is just an enhanc ed func tion of the standard load flow, being fully integra ted , powerful and easy-to-use. 
The OPF is simply accessed via an extra page of the load flow option definitions. 

The OPF supports a number of new applications typically found in today’s less-regulated power markets such as: 

 

Scheduling of Ancillary Services for reactive 
power and active power  

 

Development of system reference scenarios  

 

Transfer capability analysis  

 

Determination of voltage stability limits  

 

Implicit Penalty Function consideration  

 

Comparative reliability analysis studies  

 

Supported objective functions: 

 

Minimize system losses   Minimize fuel costs (based on non-linear fuel cost functions for each generator)  

 

Maximize profit (considering fuel costs and load tariffs)  Minimize area exchange flows.  
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Above listed objective functions are solved under the consideration of a number of possible constraints to which 
the final solution must comply with are: 

 
Branch flow limits (loading)                                  

 
Bus bar voltage limits  

 
Generator reactive power and stator current limits  

 
Generator active power and reserve limits  

 
Transformer tap changer limits                                     

 
Adjustable shunt limits  

Bec ause the OPF c an a lso d ispa tc h the ac tive power of genera tors c onsidering reserve limits and the fuel c ost 
minimiza tion whic h is based on non-linea r fuel c ost func tions, the PowerFactory OPF is a t the same time very 
advanced Economic Dispatch function. 

10. Fault Analysis 

DIgSILENT PowerFactory fea tures three-phase network fault c a lc ula tion func tiona lity based on interna tiona l 
standards as well as the most accurate DIgSILENT General Fault Analysis (GFA) method. 

In general the following features and options are supported for all implemented fault analysis methods: 

 

Includes calculation of all three symmetrical components as well as phase quantities.  

 

User definab le fault impedanc e   Ca lc ula tion of short c irc uit quantities a t a spec ific , selec ted busbar or 
along a defined section of line/cable, including all branch contributions and busbar voltages.  

 

Provision of spec ia lly designed graphs and d iagrams inc lud ing a ll quantities typ ic a lly required by the 
p rotec tion engineer.   Therma l overloads highlighted on the sing le line graphic for busbars and c ab les, 
with all equipment overloads available in a summary text report.  

 

A c omplete power flow output, inc lud ing b ranc h c urrents and busbar fault voltages, c an be d isp layed for 
a ll b ranc hes and nodes, or selec ted busbar subsets.   Ca lc ula tion of Thevenin impedanc es as seen from 
the faulty node.   Ca lc ula tion of apparent phase impedanc es (magnitude and ang le) a t any loc a tion 
a long a transmission line/ c ab le or busbar, for a ll b ranc hes, selec ted subsets, or 1,2 or 3 nodes from the 
faulted node.  

IEC 909 and VDE 102/103 Fault Calculation & IEEE 141/ANSI e 37.5 Fault Calculation 

PowerFac tory p rovides a stric t and c omp lete implementa tion of the IEEE 141/ ANSI e37.5 fault c a lc ula tion standard 
according to the latest published version. Special features are: 

 

Transformer tap positions can be included in the fault current calculation.  

 

User defined fault impedance and pre-fault voltage can be included in the fault current calculation.  

Fault Analysis Results 

 

Various reports may be p roduc ed , inc lud ing deta iled reporting on a ll short c irc uit levels for a ll faults, or 
a lterna tively, a spec ific report for one fault type. Spec ia l p rotec tion reports c an a lso be genera ted to 
include impedance, current and voltage information.  

 

Display of any variable within the single line and station diagram according to a most flexible VI definitions.  

 

Fully flexible filter mechanisms to display objects in colored mode  

 

Deta iled ana lysis reporting, whic h c an list overloaded system elements, unac c ep tab le fault c urrents, 
islanded system areas, out of servic e c omponents, voltage-levels, a rea summaries, and many other 
documentation features.   Detailed text output with pre-defined or user-defined filters and levels.  

 

Support of the Flexible Page with free variable definition and DPL interactivity.  

 

Result export to other software system such as MS-EXCEL  

11. Protection Functions 

The DIgSILENT PowerFactory p rotec tion ana lysis tool is an extension of the basic func tiona l model lib ra ry, c onta ining 
add itiona l devic es like CTs, VTs, relays, fuses and more c omplex p rotec tion sc hemes inc lud ing user-defined 
modeling c apab ilities. Add itiona lly, there a re spec ia lly designed interac tive VIs (Virtua l Instruments) for d isp laying 
system quantities and more importantly for mod ifying p rotec tion settings in the graphic a l environment. This last 
fea ture is espec ia lly useful, as c oord ina ted settings between d ifferent p rotec tion sc hemes c an be mod ified via the 
c ursor in the graphic a l environment, whic h then upda tes the settings both in the da tabase and simula tion 
environment.  
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All p rotec tive devic es a re a lso fully func tiona l under steady sta te as well as transient c ond itions, a llowing device 
response assessment under all possible simulation modes, including load flow, fault analysis, RMS and EMT. 

Protection model library and functionality 

   

The DIgSILENT PowerFactory protection analysis tool contains a comprehensive protective device model library and 
includes: 

 

Time overcurrent relays for 1 phase, 3 phase, ground and negative sequence time overcurrents.  

 

Instantaneous overcurrent relays for 1 phase, 3 phase, ground and negative sequence time over-currents.  

Direc tiona l relays for overc urrent, power, g round c urrent, and any c ombina tion of time and instantaneous 
overc urrent relays. Add itiona lly, voltage and c urrent pola riza tion is used for the detec tion of nega tive and zero 
sequence components.  

 

Voltage relays for undervoltage, instantaneous voltage, voltage balance and unbalance.  

 

Additional devices include Breaker fail, Motor protection, Generator, and Out-of-step relays.  

 

Apart from the standard circuit breakers the model library contains Low voltage circuit breakers and Fuses  

Add itiona l to these p rotec tion func tions and relays DIgSILENT PowerFactory provides further devic es and 
characteristics for more detailed protection system modeling, such as: 

 

Current and Voltage transformers that include saturation effects  

 

Conductor, cable damage curves, cable overload curves and inrush peak current modeling  

 

Transformer damage curves (ANSI/IEEE Standard C57.109 – 1985) and inrush peak current modeling  

 

Motor starting curves, cold and hot stall, in-rush peak current modeling, and any user defined curves  

Protection Co-ordination 

Protection diagrams: 

    

   



 

9

  
12. Harmonics 

The harmonic ana lysis func tiona lity is idea l for app lic a tions in Transmission, Distribution and Industria l networks for 
filter design, ripple control signal simulation or for the determination of network natural resonance frequencies. 

Harmonic Load Flow 

3-phase harmonic voltage and c urrent d istribution a llowing an unba lanc ed harmonic load flows to be c arried out.  
Harmonic c urrent sourc es c an be assoc ia ted to every load , to any SVC (TCR injec tion) and to any rec tifier or 
inverter. Harmonic voltage sourc es c an be modeled using the AC voltage sourc e model or the PWM AC/ DC 
converter model.   

DIgSILENT PowerFactory supports any type of c harac teristic harmonic , un-c harac teristic harmonic (even harmonic s 
etc .) and non-integer (inter-) harmonic s. Also unba lanc ed harmonic sourc es (e.g . sing le-phase rec tifiers) a re fully 
supported . The ana lysis of inter-harmonic s or unba lanc ed harmonic sourc es is based on a c omplete abc -phase 
network model.   

Transformer phase shifts are completely represented why 12 pulse rectifiers can be modeled correctly using 6-pulse 
rectifiers and transformers with the necessary vector groups.   

DIgSILENT PowerFactory calculates all symmetrical and asymmetrical harmonic indices for currents and voltages, 
including harmonic current indices and harmonic losses, such as:  
HD and THD   IT product  Harmonic losses  Active and reactive power at any frequency  
Total active and reactive power, displacement and power factor   RMS quantities  Unbalance factors  

13. System Dynamics and EMT Simulation 

DIgSILENT PowerFactory p rovides a basic simula tion kernel, whic h, together with a c omprehensive model lib ra ry 
and a graphic a l, user-definab le modeling system (DIgSILENT Simula tion Language (DSL)), p rovides an extremely 
flexib le and powerful p la tform for solving power system dynamic p rob lems. Any c ombina tion of meshed 1-, 2-, and 
3-phase AC and / or DC systems c an be represented and solved simultaneously, from HV transmission systems, down 
to residential and industrial loads at the LV distribution levels.  

 

DIgSILENT PowerFactory fea tures integra ted ana lysis of c lassic a l stab ility p rob lems using the RMS simula tion 
mode as well as elec tromagnetic transients via EMT simula tion. In other words, PowerFactory inc orpora tes 
solution techniques making additional EMT software obsolete.  

 

By ac tiva ting p redefined fault types, or by ac c essing and mod ifying DIgSILENT va riab les any type of fault c an 
be realized. Typical faults are:  

 

line, transformer, feeder load and genera tor tripp ing   sta rting / tripp ing of sync hronous and async hronous 
machines   load shedd ing and shunt switc hing   app lic a tion and c learing of faults a t substa tions or a long 
lines   change of controller set-points; controller failure   synchronization of isolated areas  injection of signals 
generated by a DSL device.  

RMS Simulation with a-b-c Phase Representation & EMT 
Simulation  : DIgSILENT PowerFac tory a lso p rovides an EMT 
simulation kernel for solving power system transient problems such 
as switc hing over-voltages, ferro-resonanc e effec ts or sub-
sync hronous resonanc e p rob lems. Transmission lines (ac c ord ing 
to tower layout), distribution network lines and cables  

 

Passive RLC branches, filters and sources   2 and 3 wind ing 
transformers for 1, 2 or 3 phase systems, including saturation 
effects   VT, CT and PT models   Series c apac itor, MOV’s 
and bypass switches Passive RLC branches, filters and sources   

2 and 3 winding transformers for 1, 2 or 3 phase systems, 
including saturation effects   VT, CT and PT models   Series 
capacitor, MOV’s and bypass switches Passive RLC 

branches, filters and sources   
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14. Transient Motor Starting 

The motor sta rting func tion makes use of the PowerFac tory stab ility module by p rovid ing a p re-c onfigured shortc ut 
for easy-to-use motor starting analysis. The motor starting is initiated by just selecting the respective motors within the 
sing le line d iagram and initia ting the motor sta rting c a lc ula tion via the app ropria te mouse-c lic k. A c omplete 
symmetric a l or asymmetric a l AC/ DC load flow will be c omputed p rior to the motor starting event, Pre-selec ted and 
pre-configured Virtual Instruments (VIs) are automatically created and scaled. 

 
Considera tion of c omplex motor models with build -in parameter estimation fully c overing high p rec ision 
modeling effec ts. A c omprehensive lib ra ry of low voltage, med ium voltage and high voltage motors is 
provided;  

 
Typic a l motors supported a re: sing le- and doub le c age async hronous mac hines, squirrel and slip -ring 
motors, double-fed induction machine, synchronous motors;  

 

Ac c ess of model lib ra ry for of build -in motor d riven mac hine c harac teristic s with flexib le user-modeling 
support;  

 

Support of various sta rting methods suc h as d irec t sta rt, sta r-delta sta rting , va riab le rotor resistor, thyristor 
softstarter, transformer softstarter, variable speed drives, etc.; start from any rotational speed;  

 

Full representa tion of genera tors with exc iter/ AVR model support on basis of build -in models (e.g . IEEE 
models) as well as user-defined models via the DSL approac h; c onsidera tion of p rotec tion devic es suc h as 
under-voltage p rotec tion, over-c urrent p rotec tion our automatic resta rting relays (EMR) or transformer 
OLTC;  

15. Low-Voltage Network Analysis 

DIgSILENT PowerFactory integra tes enhanc ed fea tures espec ia lly designed for ana lyzing low voltage networks. 
These functions enable the user to: 

 

Define loads in terms of number of customers connected to a line;   Consider load diversity;  

 

Perform a load flow ana lysis tha t c onsiders load d iversity for c a lc ula ting maximum voltage d rops and 
maximum branch current   Perform an automatic cable re-enforcement  

 

Voltage drop and cable loading analysis   View feeder plots and perform feeder load scaling  

Stochastic Load Modeling :   Power per c ustomer unit   Power fac tor   Coinc idenc e fac tor for an infinite number      
of loads . 

Cable Reinforcement 

The c ab le reinforc ement p roc edure determines the most c ost-effec tive op tion for upgrad ing overloaded c ab les. 
Based on spec ific c ab le c osts and voltage d rop limita tions, the c orrespond ing c ab le is automatic a lly selec ted and 
a respective report is issued. 

16. Distribution Network Optimization 

DIgSILENT PowerFactory incorporates features to assist the user in distribution network optimization, and comprises of 
the following options: 

 

Optimal capacitor placement optimizing investment costs and losses  

 

Open tie optimization optimizing losses, supply reliability or any other user-defined function  

 

Cable reinforcement optimization (see also "LV Network Analysis Functions)  

The user is a lso ab le to write is own DPL sc rip ts for other user-defined op timisa tion func tions. Alterna tively, DIgSILENT 
could prepare such scripts upon request.      
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Optimal Capacitor Placement (OCP) 

   

Tie Open Point Optimisation (TOPO)  

 

New system topology c an be ac c ep ted / rejec ted   Topology c hanges a re made visib le in sing le line 
graphics   All changes in switch positions, system losses and penalty functions are reported.  

17. IEC Cable Sizing 

The IEC Cable Sizing func tion of PowerFac tory is c a lc ula ting the c urrent-c arrying c apac ity of c ab les. The c urrent-
c arrying c apac ity in PowerFac tory is spec ified by two parameters. These a re the nomina l c urrent and the ra ting 
fac tor. The nomina l c urrent of a c ab le is c a lc ula ted from the c onstruc tion of the c ab le (insula tion, c onduc tor, ...). 
The rating factor depends on ambient conditions like temperature and laying arrangement. 

The c a lc ula tion is based on IEC-364-5-523 elec tric a l insta lla tion of build ings. Chapter 52 wiring systems, sec tion 523 - 
current-c arrying c apac ities. Ac c ord ing to this standard the c urrent-c arrying c apac ity c an be c a lc ula ted for non-
armoured cables having a nominal voltage not exceeding 0.6 kV/1.0 kV, only. 

18.  Reliability Analysis 

The DIgSILENT PowerFactory Reliab ility ana lysis tool inc orpora tes standard reliab ility assessment fea tures together 
with sophisticated modeling techniques that enable all forms of reliability assessment to be carried out. 

Generation Pool Adequacy Analysis 

 

Generator forced and planned outages (failures and maintenance);  

 

Generator derated states (partial outage);           Stochastic load behavior  

The purpose of the genera tion pool adequac y ana lysis is to identify the genera tor ab ility to fulfill load demand in 
the case of an infinitely strong transmission and/or distribution system. Results from this analysis include: 

 

Loss of Load Expectancy (LOLE, hr/yr)                    Loss of Energy Expectancy (LOEE, MWh/yr)  

 

Loss of Load Duration (LOLD, hr/occ.)                    Loss of Load Frequency (LOLF, occ./yr)  

 

Expected Energy Not Supplied (EENS, MW)         

  

Typical generating capacity and reserve curves  

Network Reliability Analysis 

The network reliability assessment considers 

 

forced outages and subsequent repair of all primary network equipment    load priorities 

 

generator dispatch and realistic load curves                                                     basic protection lay-out  

For both bulk power and d istribution system ana lyses, a rea listic Fa ilure Effec t Ana lysis (FEA) is performed for a ll 
ana lyzed sing le and multip le c ontingenc ies. The FEA simula tes both the automatic and manua l reac tions to faults 
of installed protection and of the system operators during each reliability assessment.  

The Failure Effect Analysis (FEA)  comprises: 

 

Automatic fault clearance by protective devices   Automatic or manual fault isolation  

 

Automatic or manual power restoration by network reconfiguration  
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Overload a llevia tion by op timized load transfer and load shedd ing, using both load p riorities and load 
shedding properties.  

For loads: 

 
Average Interruption Duration (AID, hr)                              Load Point Interruption Time (LPIT, customers*hr/yr)  

 
Load Point Interruption Frequency (LPIF, customers/yr)     Load Point Energy Not Supplied (LPENS, MWh/yr)  

 
Load Point Expected Interruption Costs (LPEIC, M$/yr)      Average Customer Interruption Frequency   

 
Average Customer Interruption Time (ACIT, hr/yr)  

The ACIF and ACIT a re ‘ per c ustomer’ ind ic es, while the LPIT, LPIF, LPENS and LPEIC are summations for the number 
of customers at the aggregated load model. 

For busbars: 

 

Average Interruption Duration (AID, hr)   Yearly Interruption Frequency (LPIF, 1/yr)  

 

Yearly Interruption Time (LPIT, hr/yr)  

 

19. DIgSILENT Programming Language (DPL) 

The DPL-Programming Language, offers a flexib le interfac e for automating tasks in the DIgSILENT PowerFactory 
p rogram. The DPL sc rip ting language adds a new d imension to the PowerFactory software by a llowing the c rea tion 
of new calculation functions. Typical examples of such functions are 

 

Transfer capability analysis          Automatic protection coordination  

 

Specific voltage stability analysis   Contingenc y - network impedance analysis  

 

Parametric sweep calculations     Pena lty fac tor ana lysis 

The DPL Object Oriented script language is intuitive and easy to learn. The basic set of commands includes: 

 

flow commands like "if-then-else", "do-while"      Input, output and reporting routines  

 

Mathematical expressions             Execution of PowerFactory commands  

 

PowerFactory object procedure calls                 DPL subroutine calls  

The strength of the DPL scripting language can be characterized by the following keywords 

 

Easy Development     Transparency   Standardizing Commands  

22. DIgSILENT PowerFactory Connectivity 

DIgSILENT PowerFactory has the ab ility to interfac e d irec tly with a number of externa l p rograms and hardware 
struc tures, suc h as GIS (Graphic a l Information Systems) and SCADA (Supervisory Control And Data Ac quisition) 
systems. Additionally, A/D interfacing capability with the PowerFactory Monitor monitoring system is also possible. 


