NEPLAN

Smarter Tools

Power System Analysis Software

| NEPLAN'

Smarter Tools

NEPLAN one of the most complete planning, optimization
and simulation tool for transmission, distribution, generation
and industrial networks.

Reliable — Efficient — User-friendly
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Graphical User Interface and Data Management

Application: Transmission — Distribution — Industrial - Generation N E PLAN@

Smarter Tools

Data management
Most intuitive Graphical User Interface
Multi-document and multi-window system
All equipment can be entered graphically and/or table oriented (like in a excel sheet)
There is no restriction on drawing sizes and number of nodes and elements.

Extensive editing functions like undo, redo, delete, copy, move and zoom for processing the network
diagram are available. An element can be moved from one node to an other node without deleting
the element.

OLE functionality: Data and graphic can be moved to and from third party software (like MS-Excel,
MS-Word). Project documentation was never easier.

The equipment data are entered in dialogs, with plausibility checks provided. A coloring tool helps to
show which data is needed for which analysis (e.g. short circuit, transient stability etc.)

Integrated Variant Manager (insert, delete, append, compare variants, compare results, etc.).

ASCII file or SQL database oriented import/export functions for exchanging network data, topology
data and load data are available.

Interfaces to external programs (e.g. measured data) can be implemented.

Import of a geographic map as a background graphic, for easier schematic capturing.

Import of almost any raster and vector graphic files (e.g. PCX and DXF files).

Graphics can be exported as raster files (e.g. JPG, which can be used in any internet web browser).

Option for combining and separating networks. Any number of independent network areas and
zones are possible. Each element and node can belong to any independent area and zone.

Extensive functions for network statistics and network documentations are available.

A state of the art library manager with extensive libraries for each element type facilitates data entry.
All computation modules access a shared database.

Integrated chart manager allows to analyze and compare all results from all variants.

Multi-lingual Graphical User Interface.
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NEPLAN

Variant Management

Non-redundant storage and management
of variants.

For each network, you can select
* any desired switch states (topology file)
* any desired loading states (loading file)

For each network you can define and
store any desired number of variants and
subvariants (variant tree). In the variant
data, only the differences from the parent
variant are saved.

Variants can be compared, merged and
deleted.

The diagrams of different projects and
variants can be displayed at the same
time

Results from two different variants can be
displayed on the diagram in one result
label.

Smarter Tools

Variant Properties

Name
Thyristor Exciter + PSS

Description:

Vanart Description i)ireas. ;:Z;:neel; -Eiemer;t“Grm{ps ;‘i’ér‘t.\-al Neiwork‘sﬁ; -F-éeae@

Wirterloading |
Maintenance topo,ogy

Load Data File

Topology Data File

Last modffied at:

Created with:
Modfied with

[ m Diagrams I X variants

Wariant with a power system stabilizer

Remove Filename | H

Vanants State
=[] Charles_M_Gross-16BUS-LF neppri
= Rootret
™ Adding Compensation
[JF™ with Tap Changer

Checke..

Results of two variants can be compared
in the chart manager.

Multi-Diagram and Multi-Layer-Technique

A network can be entered in several different
diagrams, so that the HV network, for instance, is
in one diagram, and the MV network in one or
more other diagrams.

Diagram 1

Graphic layers 1..3 of Diagram 1

Diagram 2

Graphic layers 1.2 of Diagram 2

|
Diagrams for Variant: Chades_M_Gross-16BUS-LF....  State

£ |=-[1 Rootnet

% I #|[IF] Diagram Detail Station A New

= ™ Main New
" 1™ Map New

- = (1™ Diagram GOV New

=5 W™ GrlLayer 0 New

% = (1™ Diagram Overview Changed
5 WIF™ Grlayer 0

= (1™ Diagram P55 New
—_— W™ Grlayer 0 New

Each diagram can have any number of graphic
layers. These layers can be colored, locked,
hidden or shown.

Zooming into stations: in the overview diagram, a
station is shown as a black box, while in another
diagram it is depicted in detail, with all its
breakers, protective devices and instruments.

Topological linkage of elements over more than
one diagram.

All diagrams will be considered for various
analysis (e.g. load flow).

One element can have more than one graphical
representation in the same diagram or in different
diagrams.

OLE copy/paste graphic data from and to MS-
Word
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Auxiliary Graphics

- Auxiliary graphics can be used for documenting

the diagram.

- Input of lines, rectangles, ellipses, arcs, ellipse
sections, polygons, polylines, any kind of

bitmap graphics.

- Input of user text with selectable character set.

- Color for background, foreground, line, outlines

and fill patterns is user-selectable.

- Functions available for rendering overlapped

NEPLAN

Smarter Tools
Rotate @
Gt 2k A S
Strulkctur @
Drawing @
R e s R

symbol elements, rendering, alignment and rotation

Diagram Properties

[ ShotCreut |  HemoncAnass | Relsbiy/RCM | Widh | Foms
| GonemlData Colors | CoorRanges [ labels |  LoadFow
[7] Veltage Levels Colors... |
[7] Phases LIL2L3N + [ Coom. |
[ Partial Networks [ coos. | -
|| Galvanic separated networks Colors
] Feeders Colors.
[T Network Areas Colors. -
[T Network Zones Cobrs.._
[ Element Groups
[7] Urfeeded Networks | -
[ Eatthed Branches — |
[¥] Overloaded Elemerts [ — -
[T] Projected Elements — 1
] In Maintenance -
7] Line Loads | -
[] Dferences from Parent Variant |
"] Dfferences from Root Varant [ F—-
Diagram Properties [ _
[ SnotCrout [ HemoncAnabss |  Relebity/RCM |  widh | Foms |
| GenemlData |  Colos |  Color Ranges | labes | loadPow |
Resuts Load Flow |
Objects Bements |
Value x. P |
Ranges [¥] Set Values proportional
*) Disable o= =]
D1 [ x= w0
2 (=i «» = -
3 (== «» =™
X (-] -
5 (-] - 132
& (-] <= 160
[—] - 0
@8 [—] - 2
Line Sections
[7] Consider Line- [Tl Draw Rectangles

=5 Network Diagram Coloring

Colors and line types can be freely selected.

Elements overloaded after a load flow or short-circuit-
current analysis are color-highlighted.

Isolated elements can be highlighted.

Coloring options to distinguish user-selectable network
areas, zones, feeders, voltage levels, earthed or un-
supplied networks and galvanic separated networks.

Differences to the parent variant or the root net can be
colored.

Each element can be colored individually.
User defined graphic layers can be colored.

Coloring according to ranges. Many calculated variables
can be colored according to their values (e.g. according to
element losses or according to voltage drops)

Results in tables and graphic charts, flow animation,
background visualization, gauche, pie charts
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Symbol-Editor

The user can create and define for
each element type and node his own
symbols.

Any number of different symbols per

element type or node can be defined.

All symbols will be displayed while
entering the diagram. Just drag and
drop the desired symbol to the
diagram

On the diagram the symbols can be
flipped, rotated and resized.
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Smarter Tools
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SQL Database Connection

All element data can be imported and exported to
any SQL database (like Oracle, MS-Access, etc.)

SQL database includes all network equipment
(HVDC, FACTS, protection devices, user defined
data, etc.).

The network topology can be stored.

Graphic of the elements and nodes can be
exported and imported.

All data of all libraries can be imported and
exported.

Can be used as interface to existing GIS and NIS
or DMS/SCADA systems.

Very flexible storing and import features, like full
import or only updating, storing only variant
differences, network zones or areas, voltage
levels, etc.

Handles very large networks

Partial reading of data fields (e.g. read only the
line length but do not read the R and X values)
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Library Manager

The comprehensive library manager
is fully integrated.

NEPLAN offers an extensive element
library for lines, synchronous and
asynchronous machines,
transformers, harmonic current
sources and motor characteristics.

The user can create complementary
libraries.

While entering network data the data
in the library can be accessed.
Further more the data entered in the
network, can be exported to the
library.

All network data can be updated with
changed library data.

The data can be entered through excel like table sheets.

Import/export to MS-Excel with drag and drop.

NEPLAN'| —

Smarter Tools

Import/export to any SQL database. Update functionality from/ to database is provided.

Part of diagrams with all technical data can be stored in the library (e.g. used for IEEE control

circuits).

Chart Manager

The chart manager allows to display
the results in different charts (e.qg. line,
bar, etc.).

Any number of sub charts can be
displayed in one chart.

A user defined logo (as bitmap) can be
added to the header for documentation
purposes

Results from different variants can be
compared and displayed in the same
chart.

Export the chart to *.JPG file for any
internet browser.

Copy/paste to the clipboard for
documentation (e.g. MS-Words).
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Smarter Tools

Data storing and Interfaces

NEPLAN stores all the network data, such as single line diagram, protection devices, controllers, calculation
parameters and results in an internal database in order to handle in an easier and faster way the data.

NEVERTHELESS represents NEPLAN a very open system. All NEPLAN data are accessible from external
system. Principally there several ways to transfer data from or to NEPLAN:

NEPLAN Programming Library (NPL)
ASCII files (Excel)

GIS/SCADA interface

SQL database

NPL is a C/C++ APl library, which includes functions to access NEPLAN data and calculation algorithms
through a C/C++ user written program. More information could be found in a separate document.

The ASCII files allows to import/export all the
electrical parameters of the primary elements, like lines, transformers, generators, motors, etc.
load and measurement data as well as pre-defined load profiles
protection device types and settings
Harmonic currents and voltages

Control circuit data (function blocks)

The GIS/SCADA interface is supported by many GIS manufacturers and is an ASCII file, which includes only
the most essential information, such as graphic information, interconnection of elements, state of switches,
type of elements and the line length. The electrical data are taken from the NEPLAN library.

E / Developed by GIS manufacturer

Interface GIS/SCADA |+ _

~ \A ~ ~ -
<> D
NEPLAN m
Interface ibrary R

file

-
-

Y& -

GIS Interface g

/ \ Developed by BCP

NEPLAN
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NEPLAN Modules

NEPLAN

Base Modules

* Load Flow/Contingency Analysis

» Short Circuit Analysis

* Harmonic Analysis

» Motor Starting Analysis

* Line Parameter Calculation

* Network Reduction

* Investment Analysis (present value)

* Dynamic Simulator: RMS-Simulation
* Over current Protection

+ Distance Protection

* Reliability Analysis

* NPL Programming Library (C/C++)

* Interfaces GIS/SCADA (SQL, ASCII)

Transmission Modules

» Base Modules

* N-1 constrained Optimal Power Flow

* Available Transfer Capability Analysis (ATC)

* Dynamic Simulator: RMS, EMT, Phasor dynamics
* Voltage Stability

» Small signal Stability

» Day-Ahead Congestion Forecast (DACF)

» Asset Management (RCM)

» Grounding System Analysis

Industrial Modules

» Base Modules

* Cable sizing

* Arc Flash Calculation

* Grounding System Analysis

Smarter Tools

The power system analysis software NEPLAN consists of several modules, which can be bought individually.
The modules can be grouped as follows:

Distribution Modules

* Base Modules

* Load Forecast / Load profiles

» Optimization of Distribution Network
» Assessment of network disturbances
» Optimal Feeder Reinforcement

» Optimal Capacitor Placement

» Phase Swapping

» Optimal Network Restoration Strategy
» Cable thermal analysis

» Low-voltage calculation

* Fault Finding

» Asset Management (RCM)

NEPLAN Toolbox for Research
* All Modules

* NPL Programming Library (C/C++)

» Matlab/Simulink Interface

Some of the modules are explained below. Please ask for more information or visit our Homepage
www.neplan.chj|.
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Load Flow Analysis
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Smarter Tools

General Characteristics

- Computation methods: Current Iteration, Newton Raphson, Extended Newton Raphson, Voltage
Drop (per-phase), DC load flow

- 3+, 2-and 1-phase AC and DC systems for meshed, looped and radial networks from HV to LV
- Disperse generation models (wind power, photo voltaic, small hydro, geothermic, etc.)

- User-defined modeling with NEPLAN® C/C++ API.

- Voltage and flow control with phase-shifting transformers.

- HVDC, PWM and FACTS devices, like SVC, STATCOM, TCSC, UPFC

- Node types: slack, PQ, PV, PC, SC, PI, IC with intuitive assignment. More than one slack node
possible.

- Power interchange between area / zones (area interchange control) and distributed slack node
- Predefined and user defined scaling factors for fast load and generation variations

- Measurement data import and load balancing

- Calculation of loss sensitivities (PDTF-factors)
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Smarter Tools

Results
- Automatic display of results.
- ’Move’ and 'Delete’ function for result boxes.
- Self-defined result output: the user can select items, units, font, precision, placement.
- Overloaded elements or nodes with voltages outside predefined limits are highlighted.
- Line thickness corresponds to element loading.
- Results can be saved in a text file (ASCII).

- Table output: for the whole network, individually for each area / zone. Listing of power flows between
area/zones, overloaded elements, sorting function, selective output.

- Table interface with MS-Excel.
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Smarter Tools

General Characteristics

Standards IEC 60909, ANSI/IEEE
C37.10/C37.13

- |EC 61363-1 for off-shore/ship
plants, IEC 61660 for DC networks d o
3-phase, 2-phase and 1-phase AC ! Ou G DaBde
system or DC networks '

T [ o e

Superposition method with
consideration of prefault voltages
from a load flow.

Computation of single-, two- (with
and without earth connection) and
three-phase faults.

Option for computing user-defined fault types (e.g. double
earth fault, fault between two voltage levels).

Option for computing line faults (fault location on line user-
selectable).

Computable fault current types: initial symmetrical short-circuit
current and power, peak, breaking, steady state, thermal and
asymmetrical breaking current, plus DC component. ——

Computation of minimum/maximum short-circuit current.
Accurate model for transformer earthing connection.
Petersen coil tuning in resonance earthed networks

Current limiting due to circuit breakers and MOV.

Line Coupling
- _— Mutual impedances and capacitances in the
— positive and negative-sequence systems are
o mm—— allowed for in short-circuit current computation.
Type =) . . .
prase 7 - Circuit and coupling parameters of the overhead
=) 2 lines are computed from the conductor
= : configuration.
e & - Overhead lines with up to 6 3-phase systems and

3 earth wires can be computed (earthing of 3-
phase systems considered).

Unrestricted number of overhead lines can be
entered.

Parameters and conductor configuration are
saved in an SQL database.

Copy by | [ Bpor | [ ok ][ cawel |[ coor ][ Hew
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NEPLAN

Smarter Tools

Results
- Automatic display of results.
- Move and delete function for result boxes.
- Self-defined result output in regard to units, formats and fault current types.
- Results can be inserted either at the beginning and/or end node, or also in the element's center.

- Inthe event of a short-circuit, all overloaded pieces of equipment (current transformers, voltage
transformers, circuit-breakers, etc.) are highlighted.

- Results can be saved in a result file (ASCII file) and in an SQL database.
- Result lists can be saved in text files.

- List output: sorted by voltage levels. Short-circuit impedance and all computable fault currents are
output as phase values or as symmetrical components.
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Motor Starting Analysis

Application: Distribution — Industrial - Generation N E PLAN@

Smarter Tools

Motor Starting Computation

Simulation of motor start-up in unlimited
networks. e

L3 owEr fo-@e As s @BEUD &
by SETAD BB e L% AR m xma

Simultaneous or time-delayed start-up for any
desired number of motors.

Identification of motor parameters using the
least square method from input values for
torque, current and cos(phi) in function of the
slip.

Different motor models, depending on the
motor data entered.

4 Parameters

eme frooniox

Saturation and eddy-current losses in the i
motor allowed for (linear or point-by-point).

fa0E D

Libraries for standard motor data, plus
additional libraries for Me(s), I(s) and cosj(s) are
available (can be extended by the user).

Operating point computation for all non- e [
starting motors in accordance with their load Prodefined mutves
characteristics (Newton-Raphson). s -

Mels) b

. . 150+
Automatic tap changing transformers are i L 00
allowed for after a user-defined time-delay. | e
Lo Caloulated curves £ 100 R

Load torque entered as a characteristicoras | E oo T
a linear or quadratic load torque curve. ) boo

0z(g] 050 L <!
Libraries for load torques are available (can PP

Options

- 0'001 0 08 06 04 02 0 00'00 |
Start-up devices are allowed for, such as Fr ' ' ' : ' ' |
star-delta starter, series resistor, transformer, e | [ Epor | (o ] |

soft starter, etc. = . E—

be extended by the user).

Voltage Drop
Computation of voltage drop to the moment t = 0.
Reduced data entry for motors and computation parameters.
Non-starting motors can be simulated by a user-defined load PQ (constant power) or shunt.

Overloaded elements, measuring instruments and protective devices or nodes with voltages outside
a defined range are highlighted.

Results of the voltage drop computation are displayed in the single line diagram.

The motor data entered and the motor parameters computed can be accessed by clicking on the
motor concerned in the single line diagram.
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Motor Starting Analysis

Application: Distribution — Industrial - Generation

NEPLAN

Smarter Tools
Results

Computation of voltage U(t) at predefined nodes. |

CEE-MIT CEE-WT

. . P=0.2 MW P=0.2 MW

Computation I(t), P(t), Q(t) for each predefined element. 001 M 001 M
Computation of motor current I, load torque M, electromagnetic v
torque Me, active power P and reactive power Q as functions of L o 1 _
time, or of the slip for starting-up and non-starting-up motors. =96.9% [

. . . . Y V3
Graphical output of the characteristic curves and time T0201E
characteristics, with automatic scaling of the axes.

Dimensioning and colors can be altered.
Result lists can be saved in text files. @
. . . MOTOR-0T MOTOR-0Z
Results can be saved in result files for evaluation by means of M i T
spreadsheet programs (such as MS-Excel). e eA i
B NEPLAN - Results] fall x ]
@ Fie Chart Subchatt Zoom Windew Help
[mE—H = | By & ? W NN W
5000 5 & - 2 a4 & o 8 = % w®
i ¢ 0.14
4500 5.95
4000 , 59 8tz
3500 5.85 01
= 58 \
E a0 i T l P 0.08
% 2500 & '5] /[ = 0=
= 2000 565 /Hl e
1500 e T
1000 =5 -
500 S'SG W - 0 o w0 ) [} E] =) w 0
Uc:mwu:mfmvwmmmvmmmwvmmvmvmmm il
=T H“ I—““”
13 1
12 09
i1 038
1
09 0.7
= 08 \! — 0.6
207 E 05
© gg 04
04 03
Balpir /
- \ 02
01 I o 01
Uomwmmfmcwmmmwwmmmwwmvmﬂmmm Uomwmmfmvmmmmvmmmmvwmvmwwmm
——a mvar] ——ninr [
P MwW] =
[T TP\ motor-01, 02, 03, 0% Me, M|}, MOTOR-01 f UKV Jy 110kVNet

For Help, press F1 x=2445 | y=1584 Zoom=1742
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Harmonic Analysis

Application: Transmission — Distribution — Industrial N E PLAN@

Smarter Tools

General Characteristics
3-phase, 2-phase, 1-phase AC systems.

Planning of ripple control systems,

dimensioning of compensators (SVC) and
harmonic filters, determination of network
impedance for sub-synchronous resonance
or filter design. 1

Frequency response of meshed networks.

U-l and I-U sensitivity for each frequency.

Distributed parameter line model applied.

Computation of network impedance and
harmonic level for each frequency and for , - .
each node. : ] Y {

 For Help pressF1

Frequency-dependence of elements is
considered. Libraries available.

Automatic frequency step length control

during impedance computation to detect Current Waseforrn

resonances. e =
@ ilf)in U7
Calculation in the positive component system S %
(symmetrical) or in the phase system - wr
. . . . | Options _ a7
Calculation of self- and mutual line impedances in || e« <z
function of the frequency - 10
-203
Harmonic load flow (P, Q, I, U, losses) e | =
. . . I 403 }

Results in frequency or time domain. I 0000~ 00M4 000 0012 0016 0020

| Cop | [ Esport. | [ Close

Harmonic Levels
Current and voltage computation at all frequencies and at all predefined nodes and elements.

Computation of r.m.s. values for harmonic voltages and currents with fundamental harmonic voltage
or current taken from the Load flow (optional).

Computation of total harmonic voltage factor in conformity with DIN/IEC and distortion factor in
accordance with IEEE.

Computation of telephone parameters (TIF, IT,
KVT) or transformer k-factor.

(Al Resuits |E=R IG5

30

Comparison of computed harmonic levels with the
limit values laid down in any standards desired.

25

z - List output of ripple control currents and voltages
at any desired frequencies and at each node and
each element.

- Automatic entry of results in the single line
fffff FHEN RSB E D diagram.

TRA_TTO0KW: 1[A]
i - Harmonic sum calculation: vectorial, geometric,
(T o Lot e arithmetic, acc. to IEC 1000-2-6
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Harmonic Analysis

Application: Transmission — Distribution — Industrial

Harmonic source .

Harmonic sources (current and voltage sources) are entered
directly in the single line diagram. Libraries available

Filter Dimensioning

Filter elements are transferred directly into the single line

Harmonic sources can be assigned directly to loads or any
power electronic elements, such as Converter, SVC, PWM,

Unlimited number of harmonic
sources (current/voltage) can be
computed with each harmonic.

Any harmonic can be handled, e.g. inter-harmonics due to
saturation effects.

Filter elements: filters (normal, HP, C-filter), series RLC-circuits
with or without earth connection, ripple control traps.

Filters are dimensioned directly by the program.
Filter data are listed or saved in a text file. ‘
Result lists can be saved in text files. ‘

Results can be saved in result files for evaluation by means of
spreadsheet programs (like MS-Excel).

NEPLAN

Smarter Tools

—

& Hurmonic Analysis

Troe: 12ovee

7] Conscer semert a6 Hamankc Saurce

2 File Edit Format GrldSemngs View Window Help

Dl s & 2 BRHe - ] W e
‘ D | Name | 1 ‘ z() ‘ Zang] Harmonic Analysis Results [ = =
Hz = W
Result tables I
| Mode impedances. . l
| Mode results.. I
| Element results. . I |
N
[ Filter results ] |
|
[ Filler dimensionning ] 0|
Rezult files
| Espontofile.. | [T]Fomatdx
05_TB5.108 D
| Clase
25 170 1774 88327 | I
26 175 18.26 831 =
= don Woan oane ¥
For Help, press FL %=-T1.0 | y=100.5 Zoom
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Selectivity Analysis

Application: Distribution — Industrial - Generation

NEPLAN

Smarter Tools

General Characteristics

All types of protective devices with a current-time characteristic can be entered: fuses, circuit-

breakers, definite-time and inverse-time over-current relays, electronic relays.

Several protective functions can be assigned to each protective device: non-directional or directional

over-current and earth-fault protection ).

Exact modeling of setting ranges

Extensive libraries with protective devices from a variety of manufacturers are available, and can be

extended at will.

Option for entering user-defined characteristics for simulating motor start-ups or thermal capability of

conductors, transformers, etc.

Characteristic can be shifted using a k-factor (inverse-time relay).

Entry options for characteristics: point-by-point or formula in conformity with IEC or IEEE/ANSI.

Simulation of fault clearing procedure in meshed networks, involves also distance protection.

apre 6 EomET Ao @ as s BEOE A
vUhOTeoAR S CETMD OO R LT e &R ow o
= = 1 ’ i e
HE e e
é : j [ifofiew | Techmizal e | Crarcistencs |
= = | xS |
'; == ¢ [EEa) = [ ' \\
fo . |
= | S
Time tpu [} i
lI TETRTI psessages [ Erivs J\ ansipns ‘7“( ‘7Help
Main Incomer ch:jl?gTA%
|>>=4000A T=0.150s
t-1f=60.04 s
toff=15.55 s
'L/V Main Distribution
400V
Outlet Sub Distrib.
I>=400A T=2.0pu -
1>>=3000A T=0.025s 1=541 A S$=350 kVA
t-1f=56.91s Load=135 % PF=0.900
toff=2.86 s 1K'(L1)=2.084 KA | :
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Selectivity Analysis

Application: Distribution — Industrial - Generation N E PLAN@

Smarter Tools

Selectivity Diagram
Protection device and current transformers are positioned in the network plan graphically.
Automatic generation of selectivity diagrams based on s/c calculation
Unrestricted number of characteristics can be incorporated in one diagram.
Changing the relay settings directly in the selectivity diagram
Unrestricted number of diagrams can be processed simultaneously.

Selectivity analysis over more than one voltage level and independently of the network type and size
involved.

Two reference voltages for diagrams can be user-defined.
Individualized coloring of the characteristics.
No limit on number of diagrams and protective numbers for management.

Export of complete diagram to Word etc. by clipboard or emf-files

Cvercurrent Relay 2

[ Infoview | Technical Data:; Characteristics |

1000 s

[\l 1>> : SPCJ 4D29 1>

[L1>> - SPCJ 4D29 |>>
[ 10> - SPCJ 4029 10>
Ll : SPC 4D29 105>

Wasp-==-]-

1 B St

E X 8 @ @
Settings:
Change Curregrrt ifpu €= ] £ i
of relay ea :
Sett| n g S Time t/pu |47} ] {)
Characteristic 04005 - R e e i

locked

Function

0.010s
0100 Ir 1.0 1000 100 Ir

-1- Parameter Set -1-

oKk | [ Camesl | [ Hep

Transferring Current Values
Direct connection from short-circuit current and load flow module for transferring the currents.
Unrestricted number of currents can be transferred into one diagram.

Import/export functions.

Protection Libraries

NEPLAN offers extensive libraries with most used relays-, circuit breaker - and fuse-types. The libraries are
constantly updated and extended. It will be handed out for free at the moment of a NEPLAN software
purchase or can be downloaded anytime from the Internet by users with a valid maintenance contract.
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Distance Protection

Application: Transmission — Distribution N E PLAN@

Smarter Tools

All types of distance protection relays (irrespective of the manufacturer) can be entered.

Relays up to 4 impedance zones, 1 over reach zone, 1 backward zone and 1 auto-reclosure zone for
line-line and line-earth faults can be defined.

Start-up characteristics: Over current, angle dependent under impedance, R/X-characteristic,
directional/bi-directional end time.

Processes analog and binary signals and sends out binary signals during dynamic simulation. Binary
signals can be: Blocking, Enable, Intertripping, Range Extension, External Starting, Auto-reclosure
Blocking, etc, e.g. POTT (Permissive over-reach transfer tripping) and PUTT (Permissive under-
reach transfer tripping) can be simulated.

Interaction between distance protection relay with any other relay type can be defined for dynamic
simulation.

Relay can be modeled within Matlab/Simulink or with NEPLAN function blocks for dynamic
simulation.

Input of any R/X-Characteristic: MHO, Circle, Polygone, Lens, etc. or defined by functions
Modules for over current, power swing, pole sip.
Interface to relay test devices. Import/Export of RIO-Format (Relay Interface by Omicron).

Simulation of fault clearing procedure in meshed networks based on the short circuit module. It
involves also over current protection.

| [l] [ﬂ =
.
"m connection

44+
394

344
294

TAT N i sTaT2 1.8+
D8 keins ¢

STAT & -
REL54 1.4
STAT 4

Cid L STAT 3 037
REL32 0.4+
060 0.1
0.6

08 S N

Cancel |
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Distance Protection

Application: Transmission — Distribution N E PLAN@

Smarter Tools

Automatic setting of the relays considering several methodologies (selectable).

Mutual impedances and capacitances of the positive and zero sequence systems as well as the
loading state of the network and infeeds are considered for calculating network impedances.

Impedance/Reactance of the positive sequence system or the loop impedances are calculated for
any short circuit type. Compensation factors due to zero sequence system impedance and mutual
coupling are considered in calculating the loop impedances.

Automatic and user-defined creation of selective tripping schedule.
Tripping time will be displayed in the single line diagram and in tables after a short circuit calculation.
All fault types, plus sliding faults of the short circuit module are allowed for.

Fault location finding. Fault location will be displayed in the single line diagram or listed according to
the previously measured impedance value. Tolerance will be considered.

Interactive change of relay setting parameters and characteristics.

ECC———— el
. 55.00
Display of all calculated
impedances with the relay 4500
characteristics
35.00
Impedances can be /
entered/displayed in primary or 2500
secondary values. CT and VT
are considered. (e R
= 5.00
S
* A00
S4T2 S4T1 C|
Z ¢ R
o
Ea| 7 <]
P
: %D—I connection T
S L [

connection

- Zones are colored in the single line diagram
for a predefined relay.

connection

A ‘
[ETATH]o L It I o
—I— ol=0.40s | [toff=0.105 |
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Reliability Analysis
Application: Transmission — Distribution — Industrial - Generation N E PLAN@

Smarter Tools

Probabilistic Reliability Analysis

Determining the frequency, average duration and cost of network component failures, leading to
supply interruptions.

Consideration of
Outage behavior (failure rate and repair times) of network equipment

- Network operation in normal state and for multiple order network contingencies
- Admissible short-time component overloading
- Protection concept including protection failures

- Realistic generation patterns and load curves

T
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T remote Arin fo 08 400
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04 o320
—— . £
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0
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i iagrams...
Projcct saved with Neplan: Version 5.0.50
Diagram/Layer [Nr: 0) Start adding
=
T

Reliability Analysis is imperative for
- Optimum asset allocation and cost-benefit analysis for investments in transmission and distribution
networks

- Design and evaluation of innovative substation layouts
- Weak-point analysis in existing networks
- Design of automation concepts in public and industrial distribution networks

- Detailed and objective discussion of network connection concepts for high-demand customers and
power plants

- Cost-effective mitigation of power quality problems (voltage sags)
- Add-on for NEPLAN-Main — a tool to apply Reliability Centered Maintenance (RCM) Strategy, which
leads to substantial reduction of maintenance expenses
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Reliability Analysis

Application: Transmission — Distribution — Industrial - Generation N E PLAN@

Smarter Tools

Procedure of Reliability Analysis

Relevant component failures

Single order contingencies: Second order contingencies:

- Stochastic failures
- Common-Mode failures

- Spontaneous protection tripping

Calculated results
Frequency of supply interruptions

Probability of supply interruptions
Mean interruption durations
Energy not served in time
Interruption cost

Presentatlon of results
Result values printed at load nodes in
network plan

Color shading of the network graph in
dependence of the reliability results

Various filter functions implemented
for detailed analysis

Integrated flexible diagram functions
to visualize the calculation results

Results fully exportable for use in
tables and diagrams

Evaluatlon functions
Consideration of power/energy-
specific interruption cost

Filter to investigate component
contributions to load node
interruptions

Copying of diagrams into clipboard

Shading of network diagram in
dependence of load node results

Analysis of system reaction after
faults

Overlapping independent stochastic outages

Failure occurring during the maintenance of the backup
components

Protection failure or overfunction

Multiple earth-faults

fd in #/yr
qd in min/yr
Td in hrs
Wd in MWh/yr
Cyq in $/yr
MPlesenlaliun and analyzizs of BAMSES -results M= E3
Impart of new results Diagram Additional data
[T Time interval - —— [ Customer interruption costs
|nterruptions
between ...

Cozts due o interruphe:
I pOwWeEr SUpplY i3 [$7kx1]

and

Mk A bl corosd

wi Diagram =10

File  Dijagiam

a00a a00a
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Dynamic Simulator

Application: Transmission — Distribution — Industrial - Generation N E PLAN@

Smarter Tools

The NEPLAN® Dynamic Simulator is one of the most advanced on the market!

Simulator Modes

The NEPLAN simulator includes the following five calculation modes: - -E . ‘
e RMS Transient Simulation in the DQO and ABC reference frame T d
e EMT Electromagnetic Transients Simulation in the DQO and ABC reference frame |
e EMT Electromagnetic Transients Simulation using Dynamic Phasor Models. "W

ol

The RMS mode is used for simulating the slower electromechanical transients, where the electrical
model quantities are described by their fundamental frequency components. The EMT simulations are
performed for the simulation of fast electromagnetic transients using instantaneous values. The
simulation of symmetrical network conditions (e.g. 3-phase faults) in DQO mode is much faster than in
ABC mode. However the modeling in ABC mode is more flexible and is the preferable mode if
unsymmetrical network condition must be simulated.

The use of Dynamic Phasor models is a completely new approach which is unique on the market. This
mode allows the simulation of fast electromagnetic phenomena as accurate as in an EMT mode, but
much faster.

No more struggling with initialization, since the simulator has sophisticated built in initialization
algorithms.

Dynamic Models - Matlab®

e Extensive library with many AC, DC and controller
models, e.g. exciters, turbines, regulators.

o For researchers: Most effective and flexible
development of customized models in Matlab®.
Existing Simulink® controllers may be run together
with NEPLAN®

¢ Any variable (signal) of any component may be
accessed to build up master controllers (e.g. wind
park controllers or AGC - automatic generation

control) Fig.: Customized Wind Power Controllers (PWM, DFIG)
NEPLAN - IEEE39BUS_PHDYN.nepprj NEPLAN - IEEE39BUS_PHDYN.nepprj . -
o === Applications
® :§§:§§ e Short-term, Mid-term and Long-term dynamic
. mmes simulation.
- GOT-To 2
e e  Sub-synchronous resonance with EMT
s simulation
IR e RN e e Load shedding and protection schemes
oo T e HVDC-(light), FACTS, SVC design and
o e regulation
o =L . . , .
Eretive ¢ Machine dynamics and startup simulations
R A e PSS tuning with Eigenvalue and Sensitivity
analysis

e Automatic generation control (AGC)
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Dynamic Simulator

Application: Transmission — Distribution — Industrial - Generation N E PLAN@

Smarter Tools

Protection Devices 5

Params |infa | UserData|

- Min-max-relays (overcurrent, undervoltage, e —
frequency,...): modeled with up to 4 tripping I
stages. E.g. various load shedding schemes N - a—
may be simulated. .

- Over current relays and fuses o Ii::jfjw” j

. . . . Element ¥ ich

- Pole slip relays, model includes binary input - =
signals from external sources. ;

- Distance protection with any characteristic: pick- N O R ® hcive
up and tripping stages, impedance diagrams, — ,— ,— : :I‘ oo
binary input signals from external sources. sept [T | s 4] ramwe

- User defined protection described by equations
or function blocks

Stage Stage Monduectinal Fickup

185
Cunen Characterisse |
Tupe [Folygon ~ |
Diructon  [Forwers - !

85+

® .28
-100 -15.0
100 200 7 N
00 @0 X
40 50
454
8.5
115+
Sr| | Mo |
IESI\\\‘I\II\ T T
Imp Char Typs | Imp. Cher Duection 165 -105 -85 -25 15 55 ns
Palygen Farward
New Chersclenstic
Delate Charadtestic
Caneal

Disturbances
- Generation and storage of various disturbance cases.
- Each disturbance case may have more than one event.
- Definition of faults (symmetrical and unsymmetrical) on buses, bus elements, branches.
- Loss of generator excitation

- Different switching operations (feed-forward control in control circuits, cross coupling of protective
devices, in/out of branches, etc.).

- Transformer tap modification.

- Load shedding scenarios (also in relation to frequency relay).

- Disturbances with function generators (step, ramp, sinusoidal function or combination).
- Start-up of motors with different start-up devices.

- User-defined disturbances (every variable can be modified in the network/control)
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User-defined modeling in Dynamic Simulator

Application: Transmission — Distribution — Industrial - Generation N E PLAN@

Smarter Tools

Researcher and developers need to have the ability to define
their own power system component models. That could be .
amongst optherS: y P Modelling for Researchers
- special load flow models

- special dynamic models for machines or loads

- controllers for wind power systems or FACTS devices
- wide area network controllers

- detailed model of protection devices

- etc.

Modelling with the C/ C++ API

Function block diagram editor

: q ® .
NEPLANP® offers excellent functionalities to develop such user Modelling in Matlab™ with DSAR

defined models (UDM) and integrate them into an eX|st|ng

NEPLAN® network model. Furthermore NEPLAN data may Run NEPLAN and Simulink and

be accessed by a C/C++ API, the NEPLAN® Programming use S.imulink® defined models
Library (NPL). The model will be used in binary format, in and controllers

order to protect the work and know how of the developer of

such a UDM.

User-defined LF model controlling|

P=2 MW and (=20 A at line 4-8 1) Load flow models may be defined with the
; NEPLAN® C/C++ API. Basically the load flow
equations will be written in a C/C++ program. The
compiled DLL file will then be assigned in the
NEPLAN graphical editor. The dialog in NEPLAN

show the parameters and signals which have to be
defined for the model.
| | I
2) With the NEPLAN function block drawing —
editor the user may define graphically new B
dynamic models for controllers as well as for
primary components and loads. The example on [ 0= =
the right shows an exponential recovery load
model.
3) The models may be described directly in Faquations, - medel T
Differential Switched-Algebraic State Reset Yy,
Equations (DSAR) in Matlab®. The NEPLAN®" di(JEFD)= LTAX(KAXIgr -
dEFD)*NOLIMIT
Matlab® interface automatically generates a binary dt(dxi)= xerr - xtgr
DLL file which may be assigned to user defined T Svreh = VT - Veetpoint
NEPLAN® component. Parameters and external elsgt(d\/ref) o T
signals may be set in the NEPLAN dialog. end

DFIG User defined controller in ABC simulation mode

4) It is possible to use directly the models and
controllers from Simulink®. Simulink® and
NEPLAN® are the runnlng at the same time and in

. each time step NEPLAN® and Simulink® exchange
data.

Simulink® Exciter Model
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CT Saturation and Thermal Analysis

Application: Transmission — Distribution — Industrial - Generation

Current Transformer Saturation

Saturation check according to

Results

IEEE C37.110-1996
IEC 60044-1 2003

Individual check or all CTs together
Check for 3-phase and 1-phase faults

Saturation criteria’s according to standard
are listed in tables

Plot of ideal and distorted secondary CT current

Thermal Line Analysis

Thermal short circuit capacity

DIN VDE 100 Part 540, IEC 865-1:1993 or ANSI

Cable or overhead lines

Worst fault location for thermal cable stress determined
Permissible thermal cable current according to standards

and line input values determined

Tripping time of protection devices considered

NEPLAN

Smarter Tools

Saturation Curve

Current Transformer x|

Perams | Saturation Curve | Info | User Datal|

le amp rms
Name T ] Chosk for St
&ck for Saturation.
Type:
(i .4 200 U] &5 | (ot B B
2. A F = Ith. & [0
e ’
CT connestions:
Ret.Ohm  [017 | lambdarem [0 [3phasex] [v =] [atSwichhouse x|
deoffset 1
T Cable betieen CT and relay Rielay burden at 2
Type =] Zbuden. VA [T
Length . m: [0 Units: Obmikm  * Caos(phil 1
A.Ohm/km: [0 T Tope
¥.Ohmkre [0 = Phase
€ Tarcidal/Meutal
Standard IEC 60044-1 2003 = [~ CT muliratio
scowacyclass [T -] [T00 - rating [ taps | | R [EAREIY %‘
1 onm IS
Knee-point valtage.. % 50
IV Saturation curve avalable
Rated output  Accuracy  Acouracy
it e limit factor
o = [o=lr @sl T Dok

Permissible fault clearing time calculated

Radial and meshed networks

o a———
T |
Lerg. kv [ Unts: | Chenme -
il Opon [T T
Stl Onwkn [T ) Ohanshn 2
B o A fE
P o wam [T
ofl #Am  Jo
T M o
w4 . Towgs o et 5
b 1| L i
=
. ‘Thermal SC Permissible
i F\'\'\l’l:l:ts;l:‘t T:emislsclh:: Ik2 Line | Current for CIF'au:t Fault _
il :Iud ' e::ma n: ®| current |Fault Clearing Te_ar N9 | Clearing | Checked
e Hrtel Time. e Time
kA kA kA 5 5
& B
B 4
Mot 0023 8144 8283 DADD 043 [
P B
c ]
o B
T 4
c ]
b B
I 4
L B
Y 4
L
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Network Reduction
Application: Transmission — Distribution N E PLAN@

Smarter Tools

This module is designed to reduce the size of a network model by replacing sets of buses and the network
elements (lines, transformers,...) that connect them with a smaller but exact, numerically equivalent network.
For a properly chosen set of buses, this equivalent network will have fewer buses and branches than the
original, yet still provide the correct response to faults or load flow calculations in the unreduced portion.

The network can be reduced for

e symmetrical or asymmetrical short circuit calculations according to IEC909, IEC60909, ANSI/IEEE or
superposition method and

e |oad flow calculation.

The reduced network gives the same short circuit or load flow results as the original network. Giving the
nodes to be reduced, the program determines the boundary nodes automatically.

~1ofx|

B2 jeplan - [NetworkReduction.neppri-Rootnet-Diagram 0]

i | almEEo) a5 el SO eolAl|
8| 5| 6| Bl 2o [2m] ool

_|of x|
Fle Insert Edit view Analysis Libraries Cptions Window Help
D@ &= @izl od=]e]| o[ [ETEowkE= Q] af sl oo elolAl=)]
8] B 6] % e ||m] ocfala]|

K|
For Help, press F1

L ol

k=835 y=7018 I 4

For Help, press F1
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Network Reduction

Application: Transmission — Distribution

NEPLAN

Smarter Tools

Input
- any network as for short circuit or load flow calculation
- nodes to be reduced during network reduction
- functions to select a complete network area to be reduced are available
- boundary nodes are determined automatically by the program
Output

- shunt and series equivalents, which can be saved in the data base

- the shunt and series equivalents consists of data for the positive, negative and zero system
dependent on the type of network reduction (load flow or short circuit)

- for load flow network reduction boundary injections and boundary generators are calculated

Neplan - [NetworkReduction.nepprj-Rootnet-Diagram 0]

File Insert Edit View Analysis Lbrares Opfions Window Help

=lolx|

Ofe|E] ||

; 2| o | H| L b ) T QlE&IE& S [ N [ [ ] e P [
L e P TS M i 0 =1 = =) mmca hu-- _I‘:‘:.“'a une| o ||| ucm.&.‘

-

Elements for Wariant NetwarkReduction.nepp... | State
[0 Rootnet
[=} . Series Equivalent LF
- B 32957 SER-EQ-LF-32967: (32.. Mew
: El 32952: SER-EQ-LF-32952: (32 MNew
32949: SER-EQ-LF-32949: (32.. MNew
Line
Load
Synchranous Machine
= =] Shunt Eguivalent LF
32955 SHU-ECHLF-32955: (32..  MNew
[Network Reduction LF: Select Nodes x| H 32947: SHUHEC-LF-32947: (32.. Mew
Ss\smNndesl 32960: SHU-EQ-LF-32960: (32..  New
Feeder
2% Transformer
D Object Name Select | Description Type Area Zane Node
Type Blocks
1 7 Node EIGHT ] Area 1 Zone 1
2 16 Node ELEVEN | Area 1 Zone 1
3 10 Node FIVE O Area 1 Zone 1
1 B MNode FOUR O Area 1 Zone 1
5 13 Node NINE i Area 1 Zone 1
B 15 Node ONE a Area 1 Zone 1
7 12 Node SEVEN X Area 1 Zone 1
8 1" Node Sk m] Area 1 Zone 1
El 14 Node TEN | Area 1 Zone 1
0 17 MNode THIRTEEN O Area 1 Zone 1
L 11 9 Node THREE O Area 1 Zone 1
Fol 12 18 Node TWELVE i Area 1 Zone 1
—I 13 8 Node TWO a Area 1 Zone 1 _
B varorie | Bl biawoms 98 All Elements
Find Select Al | Select None | Select Aree. | Select Zone |

ok | ewbrechen | Ukerehier | Hifs
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NEPLAN Programming Library

Application: Transmission - Distribution — Industrial - Generation

NEPLAN

Smarter Tools
NPL - NEPLAN Programming Library C/C++ API
NPL - | developed
The NPL — NEPLAN Programming Library is a Library by the Customer
C/C++ APl library, which includes functions to
access NEPLAN data and calculation algorithms
through a C/C++ user written program. Functions
included among others are:
- A iable of
ccess any variable of any component TCP/IP Bus
- Change any variable of any component
- Execute any analysis/calculation function
- Retrieve the calculation results
- Add new components to the network
- Delete components from the network . ®
- Add and change the graphical SmartGrid N E P LAN
information (x, y coordinates, symbols, . . .
etc.) of any component App"catlon W()Srlélr:]/geras

NPL - Applications

Many customized applications are possible:

Implement NEPLAN with a NPL
application in a SmartGrid environment
Use NEPLAN in batch mode (e.g.
running several load flows and short
circuit calculations cases)

Build customized interfaces (e.g. GIS,
SCADA/DMS, DACF, CIM, etc.)
Develop a network master controller with
events (such as “if u <90% switch on
reserve generator”) and run the
application in a quasi stationary mode

Checking protection behavior under
various network conditions

Use NEPLAN as server and connect
NEPLAN to a TCP/IP bus. The client
may send any NPL command to the
NEPLAN server (e.g. run load flow, open
switch, change load, etc)

Use NEPLAN as On-line system and
build a DMS application using the
NEPLAN graphic editor and the analysis
tools

Researchers may even develop their
own calculation algorithms (e.g. OPF,
reliability, capacitor placement etc.)

..... and much, much more.....

NPL — C++ Proaram example

{

}

/IC ++ NPL Programm
void RunTestNPL()

/IOpen a NEPLAN project file
OpenNeplanProject(_Til'eplanDemoProject.nepf));
/Irun initial load flow
RunAnalysisLK);
llchange the line length of line ‘Line-1'to 0.5 km
unsigned long ElementID=0;
GetElementByName(_T(INE"),_T("Line-1"), ElementID);
if (ElementID > 0)
SetParameterDouble(ElementID, LFfigh"), 0.5);
/lrun load flow with changed line length
RunAnalysisLK);

This colour means these are C++ NPL library functions

Open switch

(327410 - 5201/0) %=
Rl

v R o - EERT @ AR REHT R

s CETAD B M S SR eam e

> { y
o Open switch |8
Close switch (3044/0 - 4228/0) IS
(5390/1 - 3354/0) g

=) Close switch 5
# Close switch = {
(338910 - 5390/0) (533611 - 3376/0) =
\ W g

B Ciose switch Sl =
(3375/0 - 5336/0) 3/

Unterwerk -~ |~

emen = =

On-line DMS application: Optimal restorations after a fault

NEPLAN AG Oberwachtstrasse 2 CH 8700 Kisnacht ZH ~ www.neplan.ch
Phone +41 44 914 36 66 Fax +41 44 9911971




Load Flow with Load Profiles

Application: Transmission — Distribution N E PLAN@

Smarter Tools

F'.'.'E..Neplan - [Distribution.nepprj-Rootnet-Diagram 0] | |i|
Fie Insert Edt “iew Analysis Librares Options  Wwindow Help

Dlwlnl xlalal élfelwn n-.;lnl-@l\ nln

Input Data

- User-defined load and
generation profiles (day,
week, month and year
factors)

- Unlimited number of profile
types for consumers and
generators (e.g. household,
industry, ...)

- Import of measurement
data and load profiles

For Help, press F1 [x=1796 v=658

x|
Time | Options | ResultFiles |

1 Loed flow calculation
Year: 1398
Harth January -~
ek, [Tuesday ~ .
o Calculations

©festiouine ety § - Single load flow calculation (load forecast) and time
— o e simulation
™ Month [sanuary x| [November = . . .
© weskcy e S e 5 - User-defined time increment
e ? . - Combination of time intervals

ime increment .. min;
- Load balancing mode: loads are automatically

Ok | vbrcten |t | changed in the way that load flow results fit best to
measured values (behaviors)

User Defined Scaling Factors x|

Scaling Factors  Day by Hours |Week by Days I “vear by Months I Long Term by Years I

- Types
yp— Description: IDDmest\careawmtev i‘
DF_BIG_INDUSTRY .

DF_COMMERCIAL ang Term by Years
CF_CONSTANT
o . Time| Focor [+ s
DF HEATING 0000 0.400 08 normal
DF_HYDRO_POW_STAT o100 0.290 08
DF_INDUSTRY vz00 0260 07
DF_MOTORW_REST 0300 D250 s
DF_SOLAR_POW_STAT 0400 0.260 N-factor 1
0500 0270 08
DF_THERM_POW_STAT e o - 09
DF_WWIND_FOW_STAT
SR 1700 0400 03 B oF
0900 0600 02 o7
03:00 0650 o oe
1000 0650 0000 0s
1100 0700 5 2 4 5 5 10 12 44 18 18 2 22 24 04
1200 0820 [ 03
1300 0650 ¥ Game values for P and Q scaling 02
1500 0620 o
o e _nsentfem_| 0
Mo Tu e Th Fr Sa Su
2000 1.000 | | Insert tems 24
2100 0850 .
New Delete 22:00 0650 = Bermove W Giame velues for P and O scaling!

ok | Abbrechen | Librery.

0K I Abbrechen | Likrany.. | Hilfe
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Load Flow with Load Profiles

Application: Transmission — Distribution N E PLAN@

Smarter Tools

x
Results o 2 X

Subchart Settings |
- Time behavior and value range charts e T
- Characteristics of network, elements and nodes ™ Add curves manually
(voltages, currents, loadings, power, MW losses, Varables 1o be displayad
energy losses,...) (\E]mm“y” '——'li“‘—;'

- Any system quantities may be plotted, or
compared

"Nudesfe\emenls to be displayed

Edit list. ‘

Select

—Axis properti

Seledt axis: lh[

Title: l— v Automatic
Fesolution IUE— ¥ Automatic

Mo of digits |3— ¥ Automatic

tin IU— ¥ Automatic

. —

I~ Grid

—Legend Unit:

™ Showlegend kv S -

Height . % 0 KA, -

Neplan - Distribution.nepprj ;Iﬂlil

| e e B M N S S E
SIS B ] 5] 2[5 oo [m] o]

File Chart Subchart Zoom Window Help

Dl || S|2(x| o=
Gl =] | mE] ===

0§ ==

Distribution.neppri-Rootnet-Diagram 0:1
El
M [ I Results |
: 105 :
I: 103
101
=
99 =
a7
955EIEIEIEILﬂLﬂLﬂmLUCICICIEIEILDLDLDLﬂLﬂEIEIEIEIEILULULDLDLDEIEIEIEI
S 88888 ERRRERR[RRLOY SES85EB88REREBRER3
S S0 SCEHCBE FfE-BeraRil~dlEEGEEGEE6G0 %0
E8E2REBBERRREEB- 28 CHEBEE22R8832eREBZI
2222 LR RRESELSCEEEFLLECC3EERRRRAEA
105
103
AR ety ! 'y LT
101 [W° g I ] il ! !
> I’ I
99 II II I I
a7
95
G ozLoWdrUeoEge=JW==-gggyJognasoensy oo
=0 e v Es 2LeBIES
5%§%§$3u55§%ﬁ§§5%x 2Py ¥III0
m=mwmo>4 0L aonUELEI8 K o
cHOE]EFELLEZEL20 o &
%;8m0w><mF38¢I“g =
BEEe  nEd @ = f
[ o < @
& [=]
2
e =
i vorages [ Losungs | @l v Losses
2 -
T
4 W4
For Help, press F1 k=277.7 y=1958 | Y
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Optimal Network Restoration Strategy

Application: Distribution N E PLAN@

Smarter Tools

This module is designed to study the impact of single forced (e.g. fault on a line) or planned outages on the
electrical distribution system. It finds the optimal switching plan to restore electrical power to customers.
This module may be used for off-line application to pre-define strategies in case of outages or as on-line
application to help the network operator to find quickly the correct strategy after a fault has occurred.

The following objective functions are implemented:

e Minimize network losses
Minimize the number of overloaded elements
Minimize the average loadings of the elements
Maximize the average voltage

Calculation Parameters ’

Supply Restoration Plan | Calculation Parameters |

i

Restoration Stages

Re-Supply Name:

o Four stages in the restoration strategy will
be evaluated and may be stored in a fault
history database:

- Occurrence of the fault

- Isolation of the fault -> NEPLAN
shows the unsupplied customers

- Re-Supply of customers which are
affected by the fault -> NEPLAN
shows which customer are re-
supplied again

- Normalization of the network after the
repair of the fault

Fault at line 2357 due to a dligger on 24th April 2007

Label size: 2 ~ | Textcolors on/off:

Line width and colors not-supplied and re-suy

5

Line width: 10 | o

Selected objective function; [ wini

Stage of the repair Date

Optimal Restoration Strategy
Objective Function: Minimize Lossey £

L o All stages of the selected optimal
restoration plan with the new switch
Ean positions will be graphically displayed on
the single line diagram
Close switch|
(28/0 - 85/0) (85/1 - 31/0) (951 - 87/0)

T (G2 0/@ QR BEGY &

CETAD B A R R

DMS On-Line Application

o Results with the new switch positions of
all re-supply stages, including all
objective functions are displayed as
spreadsheet tables or can be accessed
as text file for further evaluation (e.g. in
DMS applications)

o All dialogs and restoration algorithms
are available trough a C++ API, the NPL
- NEPLAN Programming Library. With
NPL NEPLAN data and functions can be
accessed with a user written C++
program. This allows building up
customized restoration strategies for
network operators.

More information and free DEM@ww.neplan.ch
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Feeder Reinforcement

Application: Distribution

Economic cable dimensioning

NEPLAN

Smarter Tools

Selection of most economic cable cross section
from a predefined cable library over a given planning
period and load states in distribution networks

Conditions are cable overloads and over-/under-voltages
Optimization in respect of losses or voltage drop

Load condition given as load profiles or load state
after planning period

Load utilization time is calculated or given as input value
Library with cable material costs
Five different types for installation costs

Reinforcement can be done for all feeders or feeder-wise)

oW
10K

H05A

1 o
m v m L3 089 KV
U=10.331 K/ U=10158 kY

Description:
i~ Edit behaviar

| Vear| Fectar ||
2005 1.000 )
2006 1.010
2007 1.020 s
2008 1.030
2009 1.041
2mo 1.051
201 1.062 ne
2012 1.072 o
2m3 1.083
2014 1.094
205 1.1058 I
2016 1.112 a5 AT A 11 213 215 7 e A TS I
207 1120
ame 1128
29 1136
2020 1.144
2021 11582

|Year|y Load Increase from 2005 to 2025

¥ Same values for P and 0 scaling

Inzert 1 itern

o Inzert items | 10
;I Bemowve

2022 1160
2023 1.168
2024 1176

Results

Parameter |

Feeder Reinforcement Parameter

r— Feeder Reinforcement according to
" Cable Sizing with Load flow

" Themal Analysis (Shaort Circuit)

LF Parameter... |
SC Parameter... |

¥ Cable Sizing with yearly lnad increase (profiles)

— Thermal Analysi

& DINYDE 100 Part 540
' DINYDE 0103 = |EC 865:1:1993

L]

¥ | with Feedern Selection

r— Cable Sizing
¥ Make Sizing for given period
Base Year

Fay back period .. years:
Interest rate .. %

Energy costs .. Units/kWwh:
Currency Units:

Load utilization time .. h'a:

|2DDS
I—
|4.5

ID.48
I—
IEDDD

|2D
Un . kY I‘ID

¥ Consider loads at low voltage

Period .. vears:

¥ Calculate utilization time

Cable cost file [*.txt]:

IE:\Program Fileg'MeplanShE samplestElechCabh J

MEPLAM Library:

IE:\Program Fileg'MeplanShLibiDemao-Lib-Elec-Elemer

i~ Cable installation costs per meter in Currency Unit:

Type 1: |1 0o Type 3 200 Type & 300
Type 2 I‘I 50 Type 4 250

~ Load state after PayB ack Period for Loadflow [without yearly load increase)

Loading file [*.ndb]:

ID SwfinnephD atenMeplan' T estD ateny50NF eed: J

o]

Cancel | Apply | Help

. B
SHi
*lemamaner |

. o |-
© |o-ananar | -

Line to
be
Replace
d

Total
Cable
Costs

Caused by
Linge
Querload

Cable
Material
Costs

Total Line
Length

Installation

From Costs

Ho. | Year

Losses
before
Replacement

Loss
Reduction

Losses after
Replacement

Selection
Criteria

Most
economical
Cross
Section

Best Cross
Section
{Voltage opt.)

Minimum
Length

m Kr Kr Kr

kW KW Kr

Krivolt

2005 iLS7 10000 £320000.0 0o 3200000

1229 74T GE8639.1

2841 7

2008 LE2 4000 H128000.0 0o 1280000

345 333 2803007

58633

M3 L8z 4000 A128000.0 0o 1280000

658 40.2 09221

32663

2017 iL82 3000 960000 0o 960000

129 73 796923

14857

208 LET 3000 160000.0 0o 1600000

396 157 2004435

3325

ame Laz 6000 1920000 0o 1920000

158 a7 94623.0

SETEE

2021 8T a000  160000.0 0o 1600000

142 67 621794

52615

xo—!oogmp
TIHINIE IO OO
T

ol raf—=
00~ O e L hD

2024 Lh 02 3000 160000.0 0o 1600000

28 11 23541 5

107065

mm2 mm2 m

NEPLAN AG Oberwachtstrasse 2 CH 8700 Kisnacht ZH ~ www.neplan.ch
Phone +41 44 914 36 66 Fax +41 44 9911971



Assessment of Network Disturbances

Application: Distribution N E PLAN@

Smarter Tools

This module is used for the assessment of the network disturbances according to the D-A-CH-CZ technical
rules, which has been released by the utility associations

- VDN - Verband der Netzbetreiber in Germany,

- VSE - Verband Schweizerischer Elektrizitatsunternehmen in Switzerland,

- VEO - Verband der Elektrizititsunternehmen in Austria and

- CSRES - Ceske sdruzeni rozvodnych Energetickych Spolecnosti in Czeck Republik.

Due to the increased employment of power electronics and the thereby associated rise in nonlinear
consumers at all network levels, disturbances on the networks occur at an increasing rate,
which can make themselves noticeable by undesired changes in

- thelevel

- the waveform
of the mains voltage. As a consequence of this, other electrical devices and plants connected to
the network can be disturbed through interference. One differentiates between:

- Functional failures

- Malfunctions

- Direct or indirect damage including possible consequential damage.

The possible disturbances are dependent on the amplitude, the frequency and the duration of the
network disturbances, as well as the degree of spread of certain types of devices. In addition, the
simultaneity factor of the electrical devices and plants, that in operation cause network
disturbances, is to be taken into account.

The disturbances on the network itself can manifest themselves e.g. in the following manner:
- Deterioration of the power factor (increase in the transmission losses and reduction in the
efficiency)
- Insufficient ground-fault compensation.

It is in the interest of all
- to ensure the adherence to a balance between additional emitted disturbances in the network and
the protection of other electrical devices and plants connected to the network.
- to meet the significantly increased quality demands of modern devices and processes despite the
rising pressure of costs.
- to maintain the existing high level of quality in the face of the changing generation structures and the
additional requirements on the networks resulting therefrom.

For this reason, the network operators must have the possibility of keeping the network
disturbances caused by the electrical devices and generating stations connected to their networks
and their consequences within tolerable limits, even under changing framework conditions.

For the purpose of an appropriate distribution of the resulting responsibility, for this the following
fields of action come into consideration:
- suitable design and operative measures in the networks, under consideration of the objective quality
requirements and the economic justification.
- an adapted setting of limiting values for requirements on electrical devices and equipment in the
relevant EMC-standards as well as their observance.
- if necessary, the imposed duty to undertake corrective measures to reduce network disturbances

This method of procedure is supported by several statutory regulations at European or individual member
state level.
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Assessment of Network Disturbances

Application: Distribution

Input values

Installation can be a motor, welding
machine, converter drive motor, wind power
plant, photo voltaic plant, biogas plant, small
water plant, hybrid electric vehicles, etc.

Network connection point

Type of connection: 3-phase, 2-phase, 1-
phase connection

Apparent power of the installation
(equipment or plant). Maximum power
change.

Power consumer or generator.
Cos(phi) of the power or current change

Repeat rate of power or current change per
minutes

Temporary return feed possible.

Assignment to harmonic group

Assessment criteria

Voltage change
Voltage rise
Flicker

Harmonics
Voltage unbalance
Measurements

Data for the reactive power compensation

Results

Connection permissible or only with
measurements

Maximum voltage change or rise

Short- and long-term flicker intensity
Pst, Pt

Total harmonic load

Allowed harmonic current/voltage limits,
comparison with measured I/U-harmonics

Evaluation of voltage unbalance

Maximum impedance for minimum absorption effect

for compensation (ripple control systems)

NEPLAN

Smarter Tools

Connecting request x|
Connestion | Devies yps Generation station | Other Installations/Massurements | Info | User Data |
[¥ Generation station
Network feed through: Agpnchronous generator = Number: |7
Fiated power PrE . ki (200} Total PrE: | 14000
Rated apparent power ShE .. kA, 2020 Total SrE 14140
Pouier factor at max. power: 1
Cos(phi] fundamental hamanic: 1 ¥ Inductive
“wind turbine station
[¥ “wind turbine station
Flicker cosfficient c: 4
1-min mean value plmin: 1.05 10-min mean value pl Omin: 1.01
Flicker relewant angle .. © 11 Instantansous walue pram: 1.2
— Metwork dependent switched current factar
Switched curent factor: 05 at metwork impedance angle .. " I?D
Behaviour at Start-up
[ Pawer change S5 .. kv, 0 Cos(phi) start: 0 F Inductive ‘
Switching
’7 Pawer change Sz .. kv 0 Cos(phi) switch: |0 ¥ Inductive ‘

Phase control [only for operation mode with corwverter, see dialog connection]
[r Phase control Pulse na. p: ID

™ Frequency converter Frequency .. Hz: fram |0 ta

|'F|Equent:y convertr (only for operation mods with converter, ses dislag connection)

Emission limit curve x|

Assessment of connection x|
Ass to following criterias Ewaluation acc. to following criteriaz
[ Reactive power compensation
[~ Woltage rise I~ Commutation
I~ | Flicker T Mezsurements
[v Harmonics I Woltage unbslance
i~ Connection
Un . kY IEI.4 Fiepeat rate .. 1/min |'|2EI
Assessment at % Supcly terminal = Faint of common cougling
i~ Limitz For Waoltage change/Flicker
dLirn .. % |3 Shart-terrn-Flicker limit Pat: IU.E
Form factor F: |1 3 Long-term Flicker limit Pl IU.E
Summation cosfficient alpha: |3.2 [ Pst caleulation with analytical method
Set standard values... |
i~ Limits for Generation units
dirn .. % |3
Delta L) .. 2 |3 Set standard values... |

10
E
= 1
=
g L x|
0.1 1
16
——d lirn for Pst = 0.0 "
® =240.00 1/min, d=0.44° "
10
.
I (- .
&
B
2
. ‘ [T
o 3 o 15 0 2% 30 3 0 3 50 55 60
tifn
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Low Voltage Analysis

Application: Distribution

Characteristics
Calculation of the voltage drop and cable loadings with variable simultaneity factor

for consumer types.

NEPLAN

Smarter Tools

Simultaneity factor is dependent on the number of loads of the same type
in a feeder or line.

Pre-defined consumer types are: household, warm water treatment, continues-flow

water heater, storage warm water treatment, night heat storage.

Consumer types and their characteristic can be defined by the user.

Calculation of the minimum 3-phase and 1-phase short circuit.

Checks the breaking condition

Checks of the selectivity of fuses

Results

N8
0.4 kV
u=100.00 %
IK"3p=28867.5 A
1 K"p=14449.7 A
1Breaking condition: Yes
Belectivity condition: Yes

g
R co[Eenea |
I - Load=37 33 % - - | 5ad=37.33 %

P
-

o

L

29116 A - 0.4 kV
u=99.08 %
IEREEERRE R Ik"3p=1611.5 A
1 Kk"p=957.8 A :
{Breaking condition: Yes| - -~

Selectivity condition: Yes{ - - -

ouseholds{ 1)
oo I=15018 A |

[=15.845 A

X L L X Lo |:.1.5.E.§4.16A.

=320 A | 232994 | L 3 5 L 3

N ERERE Load=31 ol Load=2641 5% * Load=26.41% -

o ::[] 00AL [] E3 4] :
A N AT I m. o ‘m
N14 N17
0.4 kV 0.4 kv
u=98.11 % RS IS u=97.94 %
k"3p=712.6 A k"3p=625.4 A
Ik"p=425.8 A flouseiodslal 1 ke1p=373.9 A
— - | Breaking condition: Yes| - —————— - |Breaking condition: Yes
- - Selectivity condition: Yes “oooo - Selectivity condition: Yes)

ouseholds(3) - - - |
=15193 4 | - - |

n lode Description u u  |UAngle tk'tp min | ¥ :r':g':;'" tk3p min| ™ :r':g':;'" b g;i;':;i S;':;":'I':r‘: Ba::;i?nf; ' B:';If:z:,;;r
v % B A B A . A
1 5 NG 0 o0 0 144437 @81 6675 843 291 v v
2 |27gea s wos 07 wra o 6115 ees28a v v
3| 27ess Wiy s wres s amsa eaz 6254 sa 155 v v
4| 27852 e smd ml s 4 ke 72 e 233 v v
5 Pr= 0.1 K Q= 0.6 kiar ml ol
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Phase Swapping

Application: Distribution N E PLAN@

Smarter Tools

Characteristics
- Phase Swapping allows to reduce the e [t

unbalance in the phases by re-phasing e _
single/two phase loads and lines [Subotdion | Name| Unbsarcee] | [ e
EBENHART F1 2879 I¥ Display 3 phases
. EBENHART FE 4837 o .
R Re-phaSIng can be done to: et P e Unbalance criteria =1 s
1. Minimize the kW losses, | |
. . Load Flow Param
2. Minimize kVA Unbalance (apparent power)
P Short Cirzic | Farari... |
3. Minimize A Unbalance (current).
. . Lines:
- Max. number of swapping can be defined ID [ Mame | Phasss | IiL1) A1) 121 [A]] L3 [A] | Unbalancs [%] [
. . 16 LE  LILZLIN @638 9936 3820 4837
- Re-phasing works feeder-oriented 170 L7 LIL2LIN 8816 ma4 2105 B2

174 Lig LIL2L3M  BBI8 8137 0.25 99.49
178 L3 LILZL3N 3442 8138 022 110.97

- Shows the unbalance and losses before and 182 LAD LIl 003 slés 008 13940 =
H 174370 L_AS1 L3N 0.00 0.00 21.22 0.00
after re-phasing 174237 LASZ L3N 000 000 2122 000 Change Phases
- Manual re-phasing can be done Show Dislog
- Single-phase load flow can directly be started
from Feeder Management Laads and Shunts
D [ Mame | Phases | 5 [kwa][ | [a] [
487 LO5 LzM 92200  27.00
T74540
496 LO14 L1M 400.00  12.00
174234 LA _ASZ L3N 280,00 720
486 LO4 L1L2L3M  BO0.00  8EE.00 LzM -

LChange Phaszes
Show Dialog...

T |
Feeder Management x|
) =
Feeder Details  Phass Balancing | . =
- Parameter (==
Objective Minirnize K/ Losses - I Ma. Mumber of Swappings |1 i}
Include single-phase lines i Minimun Load ... ki IU i
Include two phase lines i Wirimurn Cumrent .. A II_I
Include three-phase lines v = !
- Feeder to balance and initial Loadflow |:|
Feeder: FE IL1] .. & 854 Losses . kW, |3B 3 E
Starting line: LIE 1L2] .. & g4 Unbalance ... % I.&s EFRER
1L3) .. & 382
~Results of Phase Balancing
Step | Select Line/Load Rephasing | Losses KMS A NL1) | NL2) | L3
B i & Unbalance | Unbalance
KW % % A A ]| A =
gl 1 o[ L1-+L3 3473 327 33 s09 984 . 72
gl 2 L3-=L1 M5 E27 332 72 a4 5
- - kVA A o 3-phas|
Step Feeder Line/Load Rephasing Losses Unbalance | Unbalance L1} L2y L3} S(L1) S{L2) S{L3) Objective lines
kW %o %o A A A KVA kVA kvA
1 0 iFG 36.28 48.3 433 3.3 833 95.3 101075 115579 45065 KW losses Yes
2 1 L4 L1-=L3 3473 327 330 509 8.4 726 E04 66 1155 64 953.24
El 2 L_As1 L3-=L1 34.51 Iz27 332 720 6.4 912 893.61 1135 .67 B03.66

NEPLAN AG Oberwachtstrasse 2 CH 8700 Kisnacht ZH ~ www.neplan.ch
Phone +41 44 914 36 66 Fax +41 44 9911971



Optimization in Distribution Networks

Application: Distribution

Goal

Minimization of MW losses and improve voltage levels
with the following optimization criteria (all optional):

- Optimal separation points (least loss switch
configuration)

- Optimal compounding for transformers
- Optimal power factors of disperse generators
- Optimal set voltage for on-load transformers
- Optimal LV/MV-transformer tap setting
- For normal operation and N-1 operation
Limits
- Voltage limits at MV and LV-side (user-defined)
- Thermal limits of the cables and transformers

Load situation

- Load range defined by a maximum and minimum with
scaling factors and load data import

- User defines loads and disperse generators to be scaled

NEPLAN

Smarter Tools

Optimal Distribution Network - Parameters

Calculation | Operating Conditions | Yoltage Limitsl

T
-
i
=t i
—
T T e S

Optimal Capacitor Placement

Identifies key locations in radial primary feeders, where
the placement of shunt capacitors minimizes the MW losses.

r~ Options
Yoltage level .. kY Iﬁ—
Metwark configuration: Standard configuration ;I
Calculation: Optirize ;I
[ Set optimal values
r— Optimization
[V Separation Points
Operating condition: IMaximum load, minimum generation ;I
v Compounding
[V Power factor
Objective function: IMinimize lozzes [caze max. generation, min. Io.;l
Iv Consider voltage limits
¥ Reference voltages of HY/MY transfomers
¥ Tap settings of My/ALY transformers
- Adjustable elements
HY MY-transfarmers with on load tap changers: Select... |
bW AL\ transformers with no load tap changers: Select... |
Dispersed generators with constant power factor contral: Select... |
Eus Volages (batare colmzztion)
N
lIII' ————II before
Bos Vollapes (shex opLrEsEn]
Egl——"plnns-—=mn
after

NEWCAP_B6
P=0 17
Q=201 kvar

B6 B7 B3
Results are: 7 w97.3% u=96.9% w967 %
. Bus ID Ni'::g U (LF,Min) U (CP,Min)
- the bus of the primary feeder, where a shunt _ _
i 1 6813 B 100
capacitor would be located, T T
3 8830 5] a35 43573
. . [ 8758 Bi 76 aa.i71 %
- the MVAR size Of the CapaCItor, and 5 17 B34 95538 45,795
5 e 85 93198 98793 P=700 W
. . . . 7 6783 B6 97818 95,538 Q=550 fovar =
- the additional reduction in MW losses (in %). B e e L g @
10 Ba01 B4t 97648 93,053
” 11 77z &7 97553 93.325) P=650 kW
Load | o o cin s Size oy || Ul s 12 6787 B8 97415 3159 P=-700 kKW
factor Hame reduction 'EY e ) 7408 4,178 =
17 877 S 5757 85443
Kvar il % 15 3% B8 9735 E
1 [ 0.0534 16 6804 g1 o779 o7.681
] 17 e827 B6.2 6578 a7.755
2 6783 =13 1210 00373 29: 'y Bes a5 ao1 i)
3 6820 B3 940 00356 374 96.394 5
4 1 0.1564
5 6783 =13 2130 01085 306
B 6820 B3 16490 0102 4.12;
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Asset Management

Application: Transmission — Distribution — Industrial - Generation N E PLAN@

Smarter Tools

NEPLAN Maintenance (Reliability Centered Maintenance)

A good overview over different maintenance strategies and the NEPLAN-Maintenance

philosophy can be found on this web-site:

www.neplan.ch/downloads/public/NEPLAN-Maintenance-Strategies e.pdf

The main features of the NEPLAN-Maintenance module are:
- Available sub-modules are:
o HV Components
o HV AIS Substations
o HV GIS Substations
o HV/MV Overhead line
o MV Substations
o MV Local Substations
o MV Cables
- Data can be stored in any database (e.g. Oracle, MS-Access, SQL Server etc.)
- Allows easy integration to existing ERP systems (e.g. SAP)
- Assessment criterion can be added or changed by the user
- Allows quickly to assess the conditions of the components
- Different charts give a useful overview over the overall conditions of the
components
- A budgeting evaluation tools is available, which calculates the costs for the
following maintenance strategies:
o TBM Estimation (estimated time based maintenance)
o TBM (time based maintenance)
o CBM (condition based maintenance)
o RCM (reliability based maintenance)
- Integrates smoothly with our famous NEPLAN-Reliability module

- Can be excellently used a for reinvestment strategies

NEPLAN AG Oberwachtstrasse 2 CH 8700 Kisnacht ZH ~ www.neplan.ch
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http://www.neplan.ch/downloads/public/NEPLAN-Maintenance-Strategies_e.pdf

Asset Management

Application: Transmission — Distribution — Industrial - Generation

NEPLAN

Smarter Tools

Component Assessment in NEPLAN-Maintenance

The picture below shows on the left side the assessment sheet of the current component.
The diagram shows all condition (y-axes) and all importance (x-axes) of all components (in
this case circuit breakers). The actual circuit breaker to assess is colored differently. The

user can define any filter to reduce the amount of displayed components.

% Neplan Maintenance - D:\Winnep\Mainten_50\database\Cott-CalposMain_PWNewUpdated.mdb - Project 25

Eile Edit Diagram Evaluation Language

Module/Component Type Component Navigation

1303509

.
(L e o]

Filter Components

HY Components b Substation Filter

Circuit Breaker w

S0L Filter [N SOL Fitter] B
Component Data | Consiion [importance | History| . ASHEN
VAssessmentTyrpra ) Component State
-1 Citcuit Bresker v 7 1 i 7
= . — . Imponance: 2500 Jop  Candition 66.03 o Distance: 8573 o
Agsessment Criterion
Frame = Qi E— - 100
| Installation year | N B3 T
| Experiences with this type a0 \ g a0
| Numberof 8C/a N
| Total num of switchings /a
Drive mechanisme a0 4% ! 80
Know-how of the manufacture personnel . N
Spare part replacement g N
Environment 70 4% i 70
Replacemen/repair costs hd ¥ N
CB condition (SF6 oder O1) | L
| eRranditinn i > _, &0 ‘::’ B0
& -
¢ | L T [ ete e
Comment, 1 E 500 ;‘ ’: * o 50
| = F&% ‘e .
& '..t b e + + 0
¢ + < ;
Assegsment Y Ny * *
1 (Mot assessed) - B ) . 0
{ <21 . .
3 21-25 -
! T * *
5 26-30 20 . 20
3 31-35 3%, e :
B 36-40 28 + H
) 10 % i 10
* H
* 0. * 3
0 - + o + 0
] 10 20 30 40 50 &0 70 a0 90 100
Impotance i[34]

Log Messages:

Clear

The condition of each component can easily be assessed with the freely configurable

assessment sheets.
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Asset Management

Application: Transmission — Distribution — Industrial - Generation

NEPLAN

Smarter Tools

Budgeting Evaluation Tool in NEPLAN-Maintenance

In NEPLAN-Maintenance a budgeting tool is included, which allows evaluating the costs of
the different maintenance strategies:

o TBM Estimation (estimated time based maintenance)

o TBM (time based maintenance)

o CBM (condition based maintenance)

o RCM (reliability based maintenance)

8 RCM Evaluation

Yalue Value
4 Combined Transformer k Combined Transformer
Filter name [No SOLL Filter] ritEr naite oSl it
Cormment RCM Camtriont e
Start year calculation period 2007 -Stﬁm year ca\cu\a{inn_perind A
Replacernent costs 50000 FieplRCemEntiE) L
Maintenance costs 000 e L
Feplacemsnt cycle 40
Replacement cycle 40 —i=
Maintenance cycle 10
Maintenance cycle 10 : T
Cr replacement limit B0
Cr replacsment limit 50 bm r‘nairnenance limit 401
Cm maintenance lirnit 401 Dr replacement limit 50
Dr replacement limit El Dm maintenance limit 40
Dm maintenance limit 40 Ir replacemert lirmit 0
Ir replacement limit d Lambda 005
Lambda 0.08 "Fnla\ components 936
Total components 938 #Rep\acem‘émt info 436
Replacement info D=31; I=704; T=166-12-24-57-6 MNumher of components for replacement 53
MNurnber of components for replacement 42 Maintenance info 936
Maintenance info D=172; T=126-93-24-61-549 Number’ of components for maintenance 73
MNurnber of components for maintenance 35
"Fma\ costs replacement 2EB50000
Total costs replacement 2100000 Total costs maintenance 584000
Total costs maintenance 280000 Budget e
Budget 2380000
I Calculate I ’ Close ] l Calculate } [ Close }

¥ TBM (Age Consideration)

At your fingertips: budgeting evaluation of RCM and TBM can be easily compared
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Asset Management

Application: Transmission — Distribution — Industrial - Generation N E PLAN@

Smarter Tools

Chart Evaluation Tool in NEPLAN-Maintenance

The integrated chart manager shows for example the influence of each criterion to the
overall conditions of all components. Each criterion can be assigned to a cluster (e.g.
operating condition, component type, etc.). NEPLAN allows evaluating the overall
conditions according to these clusters.

Criterion Chart
Diagram

30.00%

20.00%

Fraction

=

10.00%

0.00% A
‘ S < 3 & 3 5 & ) R

o & IR x £ g
el & s 3 ; $

& o & i 4

3 o

& 3 :
< . 2"
&
L
Assessment Criteria
I
000% _

This chart shows the influence of

H B File. Edt Formot GridSekrgs. View. Window. Halp
different clusters to the overall e e 8ok ¥ il aiell L ‘
conditions of all components. © | Name Tve } : € o | T
It shows for examp|e the effect 14 | 638 DORF-L13 Circut-Breaker (2) 1308183 61 56.265 0.004784
. . . 15 639 DORF-L14 Circuit-Breaker (2) 3.380088 32 25.018 0.011557
of a” C|’|ter|ons Wh|Ch belong to | 16 | 628 HAUPT-UW Circuit-Breaker (2) 0 76 53.74 0
. L 17 629 HAUPT-UW Circuit-Breaker (2) 0 88 62225 0
the ‘Operatmg Conditions’ cluster 18 | 640 DORF-L15 Circult-Breaker (2) 1390183 27 20,081 0004784
19 | 641 DORF-L16 Circult-Breaker (2) 1462692 29 21541 0.005001
Compared to the other effects 20 | 642 DORF-L17 Ciroull-Breaker (2) 1462692 37 27.197 0.005001
21 272 EL34 Caoupler |189051B a 0 0.148366
of the other clusters. 2| 73 UWKU Cole 100 0 o e
23 | 274 DORF-KU Coupler 0244304 0 ] 0001922
24| 327 DORF-TR1 Disconnect Switch 95953608 21 89.77 0.005562
25 | 328 DORF-TRZ Disconnect-Switch 100 34 94752 0.005796
26 329 DORF-TR3 Disconnect-Switch 95953698 36 93.305 0.005562
27 | 330 DORF-TR4 Discannect-Switch 100 1 99702 0005796
(28 | 357 SLACK Feeder 100 0 o o
29 35 C\TY_CQ Line 0 436486 15 10915 0.436486
: 30 38 CITY C3 Line 0.436486 18 13.037 ) 43'5485. L
TSI T T Moo Rvors hwsadysis [
L T
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Asset Management

Application: Transmission — Distribution — Industrial - Generation N E PLAN@

Smarter Tools

Integration with NEPLAN-Reliability Module

The NEPLAN-Maintenance module can make use of the calculated results of our famous
NEPLAN-Reliability module. The NEPLAN-Maintenance module integrates smoothly to the
NEPLAN single line diagram. The conditions C, importance | and the distances D (function
of condition and importance, D = f(C, 1)) can be displayed on the single line diagram. The
coloring according to C, | and D shows very quickly which components must be replaced
or maintained first.

The NEPLAN-Maintenance module is at the moment the only RCM module on the
market, which integrates, with a robust network reliability module.

& Neplan - [Maintenance-RCM.nepprj-BASE-Diagram 0] BE|
,'_; File Ingert Edit ‘iew Analysis Librarles Tools Options Window Help - 8%
Dj(E| 4[5 (@ S| Bal2(w] =8 i e e RN e S
i [ Y el e T WS R BN Reliability - @|5nE| o) B 6] 5 .= e
| RCM Mamtenance Example | ]
/ [[emme companere | 0§ i L
o femet & oo
m D 0 :““2“'“ T
Y
@ D &
D —EE “
H EEI a
#
D 10
- ;
10 an £l 40 50 60 0 W 90 100
_. D Empartance i [%5]
s )
& yl . [ bad condition (replacement o maintenance) |
EL ] ﬂf ‘medium condition ( mentenance should be done)
| = B
H ¥ -
; %
[=]
==
E =] Eh B
[ E ——
B DORF-LS1 DORF-LS2
B g 1=0.357 ¢ ¢ 1=0.371
S— — C=66.0 | ° o | C=11.0
[ - o andmnn D=46.9 D=8.0
- L Itot=0.001 ° ° Itot=0.001
Lt coloring according o the condition of the ¢ —_—
‘ J =3 =3
SetCanvassize done in 0.016000 seconds A i
Redraw done in ©.890000 seconds L7 <
% RCM Condition C DORF-LS3 DORF-LS4
— 1=1.627 | o g 1=1.695
= C=5.0 C=14.0
\ | x>= [ 00000 | D=47 | ° ° | p=111
Itot=0.006 Itot=0.006
\ | x>= [ 4000 |
\ | x>= | e000 |

Result displayed at the circuit breakers
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Cable Sizing
Application: Industrial - Generation N E PLAN@

Smarter Tools

Characteristics
- Selection of cable (type, cross section) and protection device for
an assumed passive or motor load and a given infeed.

- Cable length is given by the user.
- Cable type is taken from a predefined cable library (pool) within NEPLAN.

- Automatic selection of protection device rating and setting. Device is taken from
NEPLAN protection library.

- Sizing of one cable or any number of cables together (distributed radial network)
- Maximum length of selected cable type and section for which the criteria is still fulfilled

- Inspection of already installed cables.

ﬁNeplan Library Application - [Line-NYY 4L L] o |EI|£|
Eile Library Edit Format User Admin  Wiew Window Help - b
| b d d d | [
D[=(E] & B(e|=| 2
—_————————— | x|
Type Uniit of 1 x4 c( (] X0 Irmin
[EHEY EA\Data'MeplanS0tCables w y iy 4 = H
E} D Line Length Ohm... Ohm... uFi.. Ohml.. | OChm/.. A

Y MAYCWY 45LE 1 M ax1,5 km 121 0,115 0315 484 0458 A9
1 NAYCWY 45LL 2 W ax 25 km i 0.1 i 0441 25

’ 3 |Wrvaxd  km 455 0,107 i o4
GHED MNAvTALE & WY a6 km 303 K] i 0403 43
[FHED MLl 5 (W 410 hm 18 Gosd At
[ NYCwy 35LE & M ax 18 km 114 0,09 [ 03ss 7
[+HED NYCw 3.50L 7 [Mvvax25  km 0,724 0,026 0 0,355 106
[+}Z3 MrCwe 4LE B |Myvax3s km 0,528 0,053 [ 034 17
[0 NYDwy 4L L 3 Wy axan  km 30 fifizs] n [T I =T
BN | 5ving and reduction Factor Cable type - general data |
FE
@ Laying fin ground Type Name [VFE 10KV EM |

4] Temper.of vicinity |25 °C Dezcription IMehrIeiter inErde / =<LPE multi core in eart
i Library Heat resistance {15 K mAs

Conductar material | C,
For Help, press

Laying |multi care, 7om distance Insulation matenial | vPE - vemetztes Polwethylen

Ur Ak 10

K1 (K}

Laying |in pipe

Murnber zable trays |3

Laying |in ground

Find of cabls [« PE -ahle

Reference temperature |2D *C

tdaw. aperating temp. |90 °C

Max. operating temp. |SD i

Degree of loading |0,85

= Max. s/c temperature |25|j T
MHumber circuits |4

Lelielieliel Lelielis] pefielie

Sthr / A/miré [141
Single factors 0.850 0,630 0,850

Total reduction factor 0,455 | i Reduction fachor 7 I Ok I EI EI Cancel

\_Iﬂuuuu

ak. Reset selectionz | Cancel |

Criteria of dimensioning
- Service current of consumer, influence current rating of cable

- Protection of cable against overload
- Tolerable voltage drop and voltage limits
- Protection against hazardous voltage (protect persons), influence switch off in tolerable time

- Protection of cable against short-term overheating
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Cable Sizing

Application: Industrial - Generation

NEPLAN

Smarter Tools
Results
waringSystem x
Elem.name | distribution | Diestination | ;l Elem.name I L-100
. L- a4 46ECO3 46HI03-C Description I
. L-95 46ECO3 46HI04-C
WL 46EC03 46HHD4-D Starting node [ 46CA-6 |
. L-97 46ECO3 46HEDL-C
Wi 46EC03 46HHD4-C Endrode | 463R14N003-A _I
. 46ECO3 46HHO1-C I service [A I 0,509427F Istart [ I 0,509427F
" 462R.14MN003-H e
4EECOS 46R 1 3N003-C Reduction factar | 0,504 Laving. .. | }(_l
46CA-B 462R.13N003-4 Tal.valt.drop % |3
46CA-A 462R.12N003-H
46EC3 46XR1ZNO03-C Tolvalt.drap M5 /% [ 12
HGCA-A 46XR.12N0035-A
AECA-A 46%R1 INOO3-H Crwverlnad procection W A IlD
46ECOS 46#R.11NO03-C 5/ protection v 1z |a I 100
HGCA-A 46#R.11NO03-A
tmax fs I
46ECOS 46#R14N003-C ! 5
46CH-f 4alC400001 Protective Device IB-Automaten I
46CA-B 4aUC400001 B
46CAE 46KED4 [semetatn ik —IX
Acen AcvThs rd drvice (5fc) I MH-Sicherungen I
Result of Cable Sizing x|
[ 100 & . }(l
Overload protection lz /A 186 Cable |1 A N2 4015
Load How [normal operation] Total reduction factor IU,SU I MNZKY I
line woltage drop du /% I 0.20 Limited length /m |11E; le j I }(I
minimum voltage o A% I 99,8
“Waoltage drop motor start ate | Apply Data I
line woltage drop  du /% I 0,00 Device |Autnmal B10 .
| Read i I
minimum voltage  w /% I oa 2nd device [s/c) |NH 100 A \
tip time 1>t /s I 0,000 A4 oo
12 /4 [Honn
Protection by disconnection  tmax] .-"SI 0,016
Thermal s/c strength tnax2 .-"SI 0,775 | LK, i
Load 1
P=B3 6 KA 0Akv
Q=42.5 kvar u=99.68 %
I=140.4 & IK"(L1)=5.482 kA
Load=00.38 %
%" 1)=0.000 k& cahle in air on cable tray -
- WYY 3 50 * :
SACEARI-L! 04 km Lomd 1002
I=140.4 &
I]H;lkTw PF=0.900
y Load 2
u=102.03 %
TR P86 kY 0.4kV
I(L1)=21.764 kA oo 5 v u=09.38 %
=150 8 IK*(L1)=0.691 kA
Load=71.51 %
424.1)=0,000 k& [cabie i ar & wal | . . 4 i
DN 42523 (G 630 Kvd - - r«?vlmizgva * Inspectlon of Cable S|Z|ng il
0.05km
Ovwerload protection lz A4 I 1554 .
A .
Load flow [momal operation)
Load=000 % line voltage drop  du /% I 23
3 IK'(L1=21.194 kA
cakle in ground . minimurn voltage W A% I 99,7
N 4% 2,5
Avtarmat B16 QL3 i Woltage drop mokor start
line wolkage drop  du /% I 1.71
;:;987212’; minimum volkage  w 4% I 58.0
=801 A -
007 T4 % i _ T tiptime [> b /z I > 1000
=057 ki cable in dry soil Q=_99  kvar
NIYCYY Sx 95750 > T
04 km
[=] - Loadk37.44 %
] tmas=e26 65 5 kesseke  Protection by disconnection tmax] .-’sl 0.027

SPAL 140 C (IDMT)
tof=0.24 &

Thermal s/c strength tmax2 .n’s D 056

I i
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Arc Flash Analysis

Application: Industrial - Generation N E PLAN@

Smarter Tools

Characteristics
- Calculation methods IEEE 1584 & NFPA 70E

- Completely integrated and based on NEPLAN short
circuit and selectivity analysis modules

- Supports ANSI/IEEE and IEC short circuit calculation
for symmetrical and unsymmetrical fault.

- Calculates the incident energy for reduced and unreduced
arcing current and in function of the working distance

- Automatically determine the Arcing Fault Clearing Time
(reduced and unreduced arcing current)

- Determine individual arcing current contributions
- Individual parameter setting to determine the incident energy

- Automatically assign hazard category for LV (<240 volts)
with bolted current less than 10 kA

- Multiple arc flash simulations in one run

 UCTEDLE TeY(L 1)=21 021 kA
Ik'(L1)=21.826 ka -
Ia=20.134 LA
[1)5;3:_21”-897”;% DB=137.39cm
P = E=82.972]/cm2 @ 460, Oty
E=52.9721/ctn2 (@ 460.0mm _ @
Category= 3 @ 460.0mm
Category= 3 (@ 460. 0mm ()

TK(L1)=0403 k& % fof=020s fef=0203] % Tie(L13=0 4073 k&
Ia=0.386 kA [a=0.386 k&
DBE=140 83cm DBE=140.85cm
E=46. 807 ]/cm? @ 460, Omty E=46.807]/cm2 @ 460, Dty
Category= 3 @@ 460. Omm Category= 3 @ 460. Orm

T

e +— o]
Q 0

) Flash i i i i
Hame Type F‘:.:';zd un Ik larc re:;:ze q | AreTime ‘P:Lcdz'c':: protection :"i‘;::‘"i energy | energy energy | Category
boundary unreduced | reduced | decisive
[ KA KA KA s s em mm Jem2 Jem2 Jem2
Node E7CE01L 1000 21825 20804 20004 0.460 0480 Ta7 387 4800 52972 52072 52972 3
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Optimal Powe

r Flow

Application: Transmission

General Characteristics

- Control variables: active / reactive power generation, schedule voltages of generators and taps of
ULTC-transformers, reference values of HYDC systems and FACTS (UPFC, STATCOM, SVC,

TCSC)

NEPLAN

Smarter Tools

- Variable limits for bus voltages, branch loadings, active and reactive power of generators

- Individual or general limits, ‘consider/not consider’ limits function

- Obijective function: apply to whole network / to a certain area or zone, minimize / maximize MW

losses, Mvar losses, generation cost, MW import or Mvar import, MW Interface flow

- Multi objective function is possible (use of weighting factors)

- Security constrained optimization (with n-1contingency constraints)
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Optimal Power Flow

Application: Transmission

NEPLAN

Smarter Tools

Results

- Automatic display of results.

- Optimization results (binding constraints, variables at limits, lambda multipliers, sensitivities, network
controls, coloring of limiting network elements in the graphic)

- ’Move’ and 'Delete’ function for result boxes.

- Self-defined result output: the user can select items, units, font, precision, placement.
- Overloaded elements or nodes with voltages outside predefined limits are highlighted.
- Line thickness corresponds to element loading.

- Results can be saved in a text file (ASCII)

- Table output: for the whole network, individually for each area / zone. Listing of power flows between
area/zones, overloaded elements, sorting function, selective output.

- Table interface with MS-Excel
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Small Signal Stability
Application: Transmission N E PLAN@

Smarter Tools

The NEPLAN Small Signal Stability module provides eigenvalue analysis (modal analysis) for electrical
power systems. It combines exceptional ease of use with the latest techniques and standards in both
electrical power engineering and software design.

Applications
Analysis of interarea oscillations
Analysis of interplant oscillation
Analysis of subsynchronous oscillations/resonance (SSR)
Identification of groups and subgroups of machines swinging against each other
Determination and improvement of power oscillation damping
Design and placement of control equipment, such as power system stabilizers
PSS tuning

EEi Small Signal Stability Result Chart [_ O] %]
Chart Zoom Results

Eigenvaluesg

il Results

-3
sigma [145]
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Small Signal Stability
Application: Transmission N E PLAN@

Smarter Tools

Main Features
- Data scanning and eigenvalue sensitivity functions

- Automatic construction of the linearized state space notation for the complete system, including
generators, static loads, control circuits, etc.

- Advanced synchronous machine modeling: choose for every synchronous machine one of the five
models infinite, classical, transient, subtransient and general. Saturation curves for both, d-axis and
g-axis.

- Automatic calculation of eigenvalues, eigenvectors, mode shapes, participation factors for
eigenvalues and state variables.
- Text results: results are presented in clear form and can be customized by several output options.

- Graphical results: results can be visualized by the fully integrated graphical results manager. Charts
can be easily printed and exported to external programs (e.g. Microsoft Word) by clipboard functions.
A variety of chart options is available.

- The only requirement is the NEPLAN load flow module. However, the Small Signal Stability and the
Transient Stability (Dynamic Simulation) module of NEPLAN complement each other ideally.

- The Small Signal Stability module is completely integrated in NEPLAN and uses standard dynamic
element data.
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Voltage Stability Analysis

Application: Transmission

NEPLAN

Smarter Tools

As an integral part of NEPLAN software, the Voltage Stability module provides four approaches for static
voltage stability analysis of power systems: V-Q curves, P-V curves, V-Q sensitivity analysis and Q-V
eigenvalue analysis (modal analysis). This module allows examination of a wide range of system
conditions. It is an ideal tool to provide much insight into the nature of voltage stability problems.

Applications

- ldentification of weak / not controllable / unstable areas

- Identification of weak and heavily loaded links

- Proper distribution of reactive reserves in order to maintain an adequate voltage stability margin

- Voltage sensitivity information

- Degree of voltage stability

- Most effective measures in improving voltage stability
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Voltage Stability Analysis

Application: Transmission N E PLAN@

Smarter Tools

Main Features

Automatic calculation of P-V curves, V-Q curves, dV/dQ self-sensitivities, dV/dQ mutual sensitivities,
eigenvalues, eigenvectors, bus participation factors, branch participation factors and generator
participation factors.

Result tables: results are presented in clear form and can be exported by Copy-Paste-methods to
external programs (e.g. MS-Excel).

Graphical results: results can be visualized by the fully integrated graphical results manager.
Export files: results are stored in text files for advanced data export.

Charts can be easily printed and exported to external programs (e.g. MS-Word) by clipboard
functions. A variety of chart options is available.

Input: standard load flow input data
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Available Transfer Capability Analysis (ATC)

Application: Transmission NEPLAN@
Smarter Tools
Features ] jhﬂf%ﬂih Ui RALAILS
1o 3 og 8 i
Calculation of max. MW transfer between regions Ej CH
ETSO methodology (load flow based, MW generation *ij T |T i

shift) 8 1“1 I
Large flexibility in limit handling (individual activation of $ 4}
limits)

|

Consideration of user-defined contingency scenarios

Consideration of TRM (Transmission Reliability Margin)

@ + AMW @ - AMW

L > L
NTC

Generation shift from source to sink

Results

Report for every step of MW transfer on:
Limit violations for base case
Limit violations for each contingency case
Calculation of TTC (Total transfer capacity) and NTC (Net transfer capacity)

w|
4 ‘ TRM
(Gen. Shifthax S S

--1-- TTC

NTC
BCT
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Day-Ahead Congestion Forecast (DACF)

Application: Transmission

NEPLAN

Smarter Tools

Build UCTE files for different topology and loading network scenarios (cases). It can be used for importing
UCTE files, running load flows for every hour of the next day and storing the load flow results in UCTE

format or as a NEPLAN project.

Features

Partner network

Import UCTE-formatted network data data in UCTE

(own network, partner network data)

format for
- Use of reference network data in hour h=1...24
case of missing partner files
- Check for errors and consistency of Own topology and

imported UCTE files

Import topology and loading data for
each hour of the next day

loading data for
hour h=1...24

Use of map files in order to export
only certain HV nodes and lines from
the detailed network model

3

EASY HANDLING! All information is 7

-

J =

stored in the project, so that the
overhead of restarting DACF
computation each day is minimal.

UCTE-formatted
files with actual

Neplan project file
with the actual

network state for network state for
hours 1...24 hours 1...24
.Update files for topology, gen. dispatch, load
April, 2009 -
Sun Mon Tue Wed Thu Fri Sat i Ll Results

C:\Data|BCPYELES|MestingFeb2007\ExampleFrombCF | [ ]

: i E oz
5 & 7 & 9
12 13 14 15 16
19 20 21 23
27 28 29 a0

Default Date Option

() Mext day always
() Today always

[l &llow multiple selection, IF dicked, press Shift for selecting a range.
Dates selected:  04)23/2009

[ Update list of files Delete selected files

L | Index Case Hode data file Topology file Result file cif

{*.ndt)

 20080423_0330 not
200904230430 not
20090423_0530.nct
20090423 _0630.nct
| 20090423_0730 nck
20090423 1230.nct
2009043 1530 nok

{*.zdl) {*.uct)
20000423_0330.zd 20090423_0330 uct
20090425 0430.2d 200904250430 uct
20030423_0530.2d 200904230530 uict

20080423 0630.zd 20090423 0630 uct

20090423 0730.zd 20090423 _0730 uct

20090423 _1230.zd 20090423_1230 uct
20080423 1530 zd 20090423 1550 uct

NEPLAN AG Oberwachtstrasse 2 CH 8700 Kisnacht

Export UCTE-formatted data for own
network for each hour of the next day.
Each file corresponds to the load flow
solution for the actual loading and
topology state of that hour.

Create a network model (NEPLAN
neppr; file) for each hour of the next
day. The user can edit and work on
each NEPLAN file directly.
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NEPLAN® - Consulting

NEPLAN

Smarter Tools

BCP Busarello + Cott + Partner is part of the international NEPLAN®-Consulting group. The NEPLAN®-
Consulting group offers a wide range of power system studies and consultancies. More than 1000 projects all
over the world have already been successfully realized. The NEPLAN®-Consulting group conducts studies to
evaluate energy markets, solve electric system design, planning and operations related problems, perform
system engineering, and provide equipment application expertise. We help you to optimize the value of your
energy assets and transactions, and to better design, plan and operate your transmission, distribution,
industrial systems, and/or merchant plant integration projects.

Our services include:

Merchant Project Siting

Energy locational marginal price analysis
Capacity value assessment

Value of ancillary services

Forward price discovery

Transmission constraint evaluations
Value of transmission congestion relief

Market and Individual Asset Evaluation

o Valuation of generating and transmission assets
o Market risk assessment, profit and lost potentials
e Project due diligence activities

o Physical transmission access capability

Feasibility/System Impact/Facility Upgrading

e Load flow, contingency, short circuit, and stability
analysis for the interconnection of merchant projects

e Interconnection configuration and conceptual designs

e System reinforcement option and cost assessment

Transmission Capability Analysis

e Transmission constraint identification and mitigation
e Simultaneous transfer limit calculations

e ATC calculation with consideration of TRM/CBM

System Dynamics and Control

Transient and dynamic stability analysis

Control tuning, design, and interactions

SSR, SSTI, transient torque, torsional interaction
Voltage instability

Transient Analysis and Insulation Coordination
o Arrester rating, energy requirements and location
Switching transients, equipment BIL, BSL
Phase-to-ground & phase-to-phase clearances
Contamination performance

Circuit breaker recovery voltage

Harmonic Analysis
e Harmonic filter design, filter performance and rating
o AC/DC harmonic filters, including active filters

e Network harmonic flow

Distribution System Planning

e Budget constrained planning

e Two-Q (Quality & Quantity) Engineering
e Distribution network evaluation

e Distributed resource interconnection

Reliability

e Probabilistic system planning

T&D system reliability evaluation

Substation RAM studies

Integrated generation and transmission planning
Failure mode, effect, fault tree analysis

Protective Relaying and Controls

e Protective system design and relay coordination

e Adaptive relaying, fault location

e Phasor estimation, power quality, high impedance fault
detection
Integration of protection, control and monitoring

e Wide-area disturbance protection and control

HVDC

AC/DC interactions, and planning
Conversion of AC lines to DC

Dynamic performance & control requirements
AC/DC filter design

Reactive power requirements

Equipment specification

Flexible AC Transmission (FACTS)

e Planning: location, type and size

e Dynamic performance & control requirements
e Control design, interactions

e Static VAR systems: SVC, GTO-based SVC

Wind Energy

e Stability aspects in power system and wind park

e Determination of optimal connections in regard of
technical and economical aspects

Education & Training
e Short 3-5 day courses, regional or at customer site
e 1 day NEPLAN introduction

NEPLAN AG OberwachtstraRe 2 CH 8700 Kisnacht ZH www.neplan.ch
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NEPLAN

Smarter Tools

Planning and optimization system for gas,
water and district heating networks

| NEPLAN'

Smarter Tools

Successfully applied all over the world

NEPLAN Power System Analysis - one of the most
complete planning, optimization and simulation tool for
electrical, gas, water and district heating networks

Reliable - Efficient — User-friendly



Data Management, Interactive Graphics

NEPLAN'|

Smarter Tools

Data management

All equipment and pipes can be entered graphically and/or table oriented (like in a excel sheet)
A single line diagram can easily be generated through a very user friendly CAD system.
There is no restriction on drawing sizes and number of nodes and elements.

Extensive editing functions like undo, redo, delete, copy, move and zoom for manipulating the network
single line diagram are available. A pipe can be moved from a node to a different node without deleting
the pipe.

OLE functionality: Data and graphic can be moved to and from third party software (like MS-Excel, MS-
Word). Project documentation has never been easier.

The element data are entered through dialogs including plausibility of the entered data. A coloring tool
helps to show which data fields of the dialog are needed for a certain analysis (e.g. time simulation).

Integrated Variant Manager (insert, delete, append, compare variants, compare results, etc.).

ASCII file or SQL database oriented import/export functions for exchanging network data, topology data,
load data and single line data are available. That means all data including the graphical data are
accessible by the user.

Interfaces to external programs (e.g. measured data acquisition systems) can be implemented.
Import of a geographic map as a background graphic, for easier schematic capturing.

Import of almost any raster and vector graphic files (e.g. PCX and DXF files).

Graphics can be exported as raster files (e.g. JPG, which can be used in any internet web browser).

Option for combining and separating networks. Any number of independent network areas and zones are
possible. Each element and node may belong to any independent area and zone.

Extensive functions for network statistics and network documentations are available.

A state of the art library manager with extensive libraries for each element type facilitates data entry.
All computation modules access a shared database.

Integrated chart manager allows analyzing and comparing all results from different variants.

NEPLAN is available in different languages (e.g. English, French, Spanish, German)
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Data Management, Interactive Graphics

NEPLAN

Variant Management

Non-redundant storage and management of
variants.

For each network, you may select
* any desired switch states (topology file)
* any desired loading states (loading file)

For each network you can define and store any
desired number of variants and sub variants
(variant tree). Only the differences from the
parent variant are stored in the project.

Variants can be compared, merged and
deleted.

The diagrams of different projects and variants
can be displayed at the same time

Results from two different variants can be
displayed on the diagram in one result label.

Results of two variants can be compared in the
chart manager.

Diagram 1

Graphic layers 1..3 of Diagram 1

Diagram 2

Graphic layers 1..2 of Diagram 2

Variant Manager (x|

[ State N
Changed

Diagrams for Variant Korbach neppri-Rootnet
i D Demand Zane 4ah

g CB® Demand Zone 5

[B® Demand Zone &

: BB Leyer Equipments

=[P Diagram Equipment

] W Graphic-Layer 1

= P Diagram Demand Zanes

WP Graphic Layer 1

CIF% Demand Zone &

~[JB® Demand Zone &

CIE Demand Zone 4

~CFX Demand Zone 3

B Demand Zone 2 Freezed, Changed
CEB Demand Zane 1 Freezed Changed
~JEA Layer Equipments Freezed, Changed |«
4| | v

B wariants Diagrams

Freezed, Changed
Freezed, Changed
Freezed, Changed
Changed
Changed
Changed
Changed
Freezed. Changed
Freezed, Changed
Freezed, Changed
Freezed. Changed

oS wiEemens | 98 Eements |

Smarter Tools

Variant Properties B

Variant Dascription |Areas| Zones | Partial Networks |

Marne:

Fire cage 20 I/s

Description

Takes 20 Ifs for fire flow. Determines the node pressure
Winter loading condition
Maintenance topology condition

Load Data File
IWlnlerfLUad.ndb .
Topology Data File
IMamtenan:e-Tnpnlmgy zdb
Yariant Manager x|

“Yariants
=1 Demo-wWater-ariants.neppri

| State |

Last modified at

Created with:

todified with EDE Footnet
IR Checked out
OK
;| 0P Reservoir out

- Compare Results
" g yariants Diagrams | @& Al Elen...

03 Elemetits I

Multi-Diagram and Multi-Layer-
Technique

- A network (project) can be entered in several different
diagrams (e.g. the high pressure network in one
diagram and the low pressure networks in one or
more other diagrams.

- Each diagram can have any number of graphic layers.
These layers can be colored, locked, hidden or shown
(like for example in AutoCAD).

- Zooming into pump stations: in the overview diagram,
a station is shown as a black box, while in another
diagram it is depicted in detail, with all its equipments.

Display the main equipments in a separate diagram, to
have quick overview of the whole network without
zooming around in the big single line diagram.

Topological linkage of elements over more than one
diagram.

One element can have more than one graphical
representation in the same diagram or in different
diagrams.

OLE. Copy/Paste graphic data from and to MS-Word.
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Data Management, Interactive Graphics

NEPLAN'|

Smarter Tools

Auxiliary Graphics

- Auxiliary graphics can be used for documenting
the diagram. There is no need to export the single
line diagram to an other CAD system.

- Input of lines, rectangles, ellipses, arcs, ellipse
sections, polygons, poly-lines, any kind of bitmap
graphics.

- Input of user text with selectable character set.
- Color for background, foreground, line, outlines ‘ IE|@'| S ol e o]l AR

and fill patterns is user-selectable.

- Functions available for rendering overlapped Structure 3

symbol elements, rendering, alignment and
rotation

NrENINET]

=Y i )

Ohbject Walue x
[Elements =l [Fowan =]
Rang ¥ SetValues proportional
 Disabls - =]
4| e— Network Diagram Coloring
ci2 [ x>= [17.04541 .
3 ] = [ - Colors and line types can be freely selected.
:: !“ EEE - Overloaded elements (e.g. v/m/s > vmax m/s)
c | - o after a calculation are color-highlighted.
M - Isolated elements can be highlighted.
(-‘_ﬂ _‘v o= 1193179 . - . l .
- ot s oo Coloring options to distinguish user-selectable
network areas and zones, pressure zones, not

feeded networks and separated partial

networks.

Differences to the parent variant or the root
¥ Parial Networks Colors net can be Colored
I™ Pressure Colors,
I NotworkAvecs T Each element can be colored individually.
¥ Network Zones Colors,
I Unioed Neworks [ User defined graphic layers can be colored.
o Ovmonded Elomats [r— Col_oring according to ranges. Mgny calcullated
™ Prjected lements e variables can be colored according to their
e %‘ values (e.g. according to velocities (v m/s) or
 Biressfm aeritar — according to pressure drops)
I™ Difierences from Root Variant |
¥ Indivicual 2zl
Other Colaring §
’]‘ Calor Ranges Caolors Graphic Layers.

K Apbrechen | Up=riinen Hite

2

B"_"""__'_"_'_‘__
o

o] iomam]
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Data Management, Interactive Graphics

NEPLAN'|

Smarter Tools
Symbol Window 3
- 2 WMAIN. SYM - WMAIN. SYM - Reservoir Elements ]
S mboI-Edltor Fle Edt View Drow Objedt Help
y Dl &) 2=z of sl x[olalo] 1] 2] g@
- The user can create and define its own N
symbols for all elements. —_—
- Any number of different symbols per E
element type or node can be defined. O
- All symbols will be displayed while ede
entering the diagram. Just drag and drop o
the desired symbol to the diagram &
- On the diagram the symbols can be Circuion Purp
flipped, rotated and resized. ..
irculation Pump
N Connecting poi [CDD Vf}g
SymbolD with: [5 ||| P I = ¥
| o il
IREsEr\/mvSIandavd Symbal P Grid (0.5) Q
e | Certrugal Pump -
[Ready Sliders/Hydrants |

SQL Database Connection

- All element data can be imported and exported to any SQL database (like Oracle, MS-Access, etc.)
- The network topology can be stored.

- All graphical data of the elements and nodes can be exported and imported.

- All data of all libraries can be imported and exported.

- Can be used as interface to existing GIS and NIS or DMS/SCADA systems.

- Very flexible storing and import features, like full import or only partial update, storing only the differences
of a variant.

- Partial reading of data fields (e.g. import only the pipe length but not the diameter and roughness).

- The database can be simply upgraded to form a NIS using the database functions.
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Data Management, Interactive Graphics

NEPLAN

Smarter Tools

Library Manager

- A comprehensive library manager is available
in NEPLAN.

- For each equipment type a library exists or
can be created by the user.

] ) . E::?OAU;
- While entering network data the library data —penanRas
can be accessed. Further more the data il
entered in the network, can be exported to the e
library. : ““"*
- All network data can be updated with changed T iy rarins | AR
. i)
library data. " -
. : 733#‘ 225AC15 = ,W
- The data can be entered through excel like o
o TR 2 oacre
table sheets. ] o =
. For Help, press F1 gggﬁgl: 300ACTS
- Import/export to MS-Excel with drag and drop. ~ micrs
- Import/export to any SQL database. Update nects
functionality from/ to database is provided.
- Part of diagrams with all technical data can be acoo
stored in the library. s4czo =

Cancel

Chart Manager

The chart manager allows
displaying the results in different
chart types (e.g. line, bar, etc.).

- Any number of sub charts can be
displayed in one chart.

- A user defined logo (as bitmap) can
be added to the header for
documentation purposes

- Results from different variants can
be compared and displayed in the
same chart.

- Export the chart to *.JPG file for
any internet browser.

- Copy/Paste to the clipboard for
documentation (e.g. MS-Word).
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Data Management, Interactive Graphics

NEPLAN'|

Smarter Tools

Results of threse variamnts
Im the same diagrann

[£5 NEPLAN - [07es neppei-Rostnet-Diagram D] Sy |
o Fe Insert: £t Yiew  Snalysis Libreries Took Qptions Window Help el
DEa RSBIR uEew HOET MEC@A’ s BEES &

NNENOCOOAR s wS TR e =@ %R

Visualization of the
results and input data

Wesages { B Ao 7

For Halp, press <=693101.2 | y=2853759 Zoom=180
lmiies ey —
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Data Management, Interactive Graphics

NEPLAN'|

Smarter Tools

EQUIPMENT-OVERVIEW

PW Teichm hle

HB Erlheim HB Conti

Q [ PW Eidinghausen
> P

PW Paeddemarke

7\

o

HB Strother Str.

DEA Kasseler Str.

Diagram Equipment

Overview Demand Zones

Demand Zone 6 @#

Q185,10 mam Suroter =8 Demand Zone 1

V=071 mis
PI=0.87 m

[Q=39.31 mai
v=0.00 m/s
PI=29.03 m

Demand Zone 5

[Q=102.51 malh (7)
. . v=0.00 mis 3
. . PI=2826m i
Q=26.31 m3/h| . - .
v=0.22 mis
PI=0.09 m

Deymand'Zone' 2'

4

ghuelaisyuiiealiy/ele

. Diagram Measurments
Designed by Gelsenwasser AG
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Data Management, Interactive Graphics

NEPLAN

Smarter Tools

Neplan - [Demo-Water-Map.neppri-Rootnet-Diagram 0]
Fila Insert Edit Libraries  Options

Wiew  Amalysis

&
L)
h

Raster Graphii

->Diagram Areas (516) added...
Project saved with Neplan: Version 5.0 (Rewv. 03-a)

[T Messages £ Evrors J\ Andyse |

For Help, press F1

< I;ILI
]

x=323.1

Designed by Gelsenwasser AG

Ortsteil
Lelbach

r_

e

Varbtauchszans |

Verbrauchszone 2

s

e

B vemwsucnszone s

Verbrauchszone &

K1 | _'l:“I

For Help, press F1 =677 2 w=-178.3
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Data Management, Interactive Graphics

NEPLAN

Smarter Tools

Comparing Variants

Fressure P [m]

MNode

[ Reservoir aut : Node:  Pressure P [m]
-F‘ump out : Mode Pressure P [m]

-Ruutnet :Mode:  Pressure P [m]

BCP Busarello + Cott + Partner Compare results (node pressures) of three User. Giatgen CottCott

BcP Bahnhafstr. 40 different variants in the NEPLAN chart manager Date:5-4-2002

CH-5703 Erlenbach (Switzerland) N E P LAN

. neplan.ch

Example 2-D Profile

490 MK
485 Mk
480 mMN 1 e
475 mhk
470 miN
ABS mPk
450 i
455 mMh
AS0 rafk
445 miN
440 N
435 miN
430 raMk
& = 7 & & A
] o = & &
Type PE 180 ST 200 PE200 ST 100
Length m | 740 85 210 175 100 195
D inner mm | 180 180 200 200 200 100
w mis |1.470 1470 1.180 1.250 1.414  0.260
Flow On Ifs |37 63 3763 3763 3827 4442 211
Losses J m/km |11.80 1180 B.94 7.53 9.52 1.02
Distance km |0.740 0.825 1.035 1.210 1.310 1.505
I 5 5 = = =
% < % % Z Z Z
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Water Pipe Flow Analysis

NEPLAN|

Smarter Tools

General Characteristics

- Powerful, up-to-date calculation algorithms (including Newton-Raphson and Hardy-Cross)
- Simulation of any kind and size of networks

- No restriction on number of nodes and elements

- Simultaneous calculation of any number of partial networks (independent networks)

- Calculation with load factor profiles (day, week, season, weekdays, Sundays, long term, etc.)
- Import of measured consumption data

- Changing demands through global, regional or simultaneity load factors

- To each pipe any number of line loads can be connected (e.g. houses, industrial , ...)

- Calculation of centrifugal and circulation pumps, reservoirs, valves, fittings etc.

- Sophisticated valve models

- Calculation of multiple pumps, tanks and reservoirs

- Calculation with different water temperatures

- The head loss characteristics of the pipes are calculated according to Darcy, Prandtl-Colebrook and
Hagen-Poiseuille

- Time dependent load and reservoir height characteristics (e.g. at night, or at noon, summer, winter etc.)

lan - [SionGas.nepprj-Rootnet-Diagram 0] _[of x] L

e Insert Edit Yiew Analysis Window Help s — =]
erofile. |
=R : =SSN N R SN =)
ozl = w0 ] ] ) =) a) ) gl = ] -
|DAY'CHA"<'M EI I~ Active for Caleulation
Time | Value B rleErREEa
10 02 © Nong & Day(lh)
2] 03 € Year (Months) © Day(1/2h)
3|2 0.4
© Week (Days -
205 i (Days) Day (1/4h)
54 0.4
BJE e 24 3, Insert
76 1
3|7 12
Bl 12 2
[REE) 15
1o B 1 - -
12[11 17
1312 2 1
1413 g
15|14 18 L u ¥
18[15 5
17[16 14
18/17 18 0 2 4 & 8 10 12 14 18 18 20 22 24
== EEI\E] g
] 20119 ¥) LI
1T
ﬂl &I Ok Delete Profile Cancel

HB Strothe |

= Q=0.00 m3/h
( v=0.00 m/s
il L, == PI=0.00 m
4 T
Gl - Q=225.16 m3/H
v=0.51m/s
PI=0.01 m
g ‘ ‘
lessages f{ Errors sis
5 — — =

HB Strothe II
Q=0.00 m3/h
v=0.00 m/s

P=0.00 m

Q=245.67 malh
v=0.88 m/s
PI=0.43 m
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Water Pipe Flow Analysis

NEPLAN|

Smarter Tools

Results

- Automatic display of the results in the network diagram with many filter functions

- Coloring according to variable ranges (e.g. velocity, flow, pressure-losses, pressure etc.)
- Highlighting of overloaded elements (e.g. velocity v > v max)

- Line width proportionally to many variables, including the flow and diameter

- Result output to an excel like table sheet, with copy/past possibilities to MS-Excel

- Output to ASCII files or SQL database for further evaluation (e.g. MS-Excel)

- Display results in a sophisticated chart manager (e.g. bar or line chart)

- Result boxes can be moved, deleted, sized, colored and hided

- Self-defined result output: the user can select variables, font, precision, placement

- Comparing results was never easier: Results from other variants can be displayed in the same result label
and in the same chart

1oy

e Can Fomel View Mindow Hel
Cijs|a| %[7)w) @|2)0| aiwlc| SieL) el¥ =) sisuj ||

EerrrEe—— — > _Iolx 1
Name Type |outside| Q plosse| J v | t | From [on| To on = s
\ | Lmit | s | m | mkm | mis | min | [ I K
11 EL13 PipeLine O 8833 0206 192 05 367 17 R = 7
2 EL14  Pipe Line O 13486 0202 421 076 165 17 g9 a .
13 EL15 Pipe Line 0O 440 03K 542 na RAR 17 B 13 o) ™|
14 EL16  Plpe Line O x
& EL17 Pipe Line o Name | Elevation | @ | UnitQ |outside| @MNode |Pressu|
16 EL18  Fipe Line 0 m | Limit Ve 0m
17 EL19  Fipe Line O8N 28 a7 0 Usec 0 o 76.129°
18 EL20  PipeLine O 72 |0 425 1 Vsec o 67587
19 EL21 PipeLine o T3 e 425 1 Usec iy
20 EL22 Pipe Line o 4 1 430 3 Iisec o3
21 EL23  Pipe Line ons 2 430 4 Usec I
2 EL24  Pipe Line o me 3 430 1 Usec Lt
E EL25  Pipe Line o7 | 430 15 Usec LT
24 EL26 PipeLine o8 s 430 o Usec (=)
25 EL32 Pipe Line 0 g (2 430 3 Usec i
26 EL33 PipeLine o |7 430 1 Usec = . <
27 EL45  Pipe Line L= I 430 (] Usec o o NEPLAN
28 EL46  Pipe Line 2 e 430 (] Isec Y
29 EL47  Pipe Line 013 |10 430 o Vsec 00
30 EL73 PipeLine o 17 430 2 lisec -
3 EL74  PipeLine 081511 430 0 Usec o o
a2 EL75 Pipe Line on 16 |13 430 o o o0 1501s
a2 EL76 Pipe Line o
34 PUMPE1 Cenfrifugal Py Ul = @
35 EL83  Pipe Line o 2 66 a
36 EL&4  Plpe Line o 27 2
37 HB1  Reservoir 0 8 8 2 2
38 SS  Specialload | U o 8 2 @
I : T & & 0.00 m/s
Far SiESd e B

6.24\Is 6.22
247
A A0S
028" p2
NS
o>
0.28 m/s Velocity v m/s Pressure P
[ w
[ same pump and reservoir with a second gra] || *- s
o /| - (e ]
inner mm o -
— x- [
_ e .00 °
. 520 . -
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Gas Pipe Flow Analysis

NEPLAN

Smarter Tools

General Characteristics

- Powerful, up-to-date calculation algorithms (including Newton-Raphson and Hardy-Cross)

- Simulation of any kind and size of networks

- No restriction on number of nodes and pipes

- Simultaneous calculation of any number of partial networks (independent networks)

- Sophisticated valve and regulator models

- Calculation with load factor profiles and profiles for node demands

- Import of measured consumption data

- Changing demands through global, regional or simultaneity load factors

- To each pipe any number of line loads can be connected (e.g. houses, heating, industrial , ...)

- The head loss characteristics of the pipes are calculated according to Darcy, Prandtl-Colebrook and
Hagen-Poiseuille

- Simultaneous calculation of different pressure zones (high, medium and low pressure).
- Simultaneous calculation of compressible and incompressible gases (high and low pressure)

- Free definition of load libraries (heating, cookers, industrial loads, ...) with different simultaneity factors

- Temperature dependent loads are considered

Profile Types ==l
eplan - [Korbach.neppri-Rootnet-Diagram 0]

(File inset EGi Viw Anslysis Libranies Options Window ) Profiie Types | Day by Hours | Long Tem by Years |
Disl@| s|nle] S[9)%]| ef=|s| o SlelEEo] sl [FEE NuNoelolAle Tipes 5 DEW Gomoros algemer Winter Wkt
=i e Ll == e — escription: ewerbe aligemein, Winter, Werkdag
oleialal<l oleln) BlslE) oldlsls] Hialoie] ] 2| ) &) 8l T (=) G0SmmSa -] | Egeben
- _Somm_ 4 ehavior
N R O 1 5 . R GO_Somm_Se

G0_Somm_We s Time Factor  ~

GD_Hher_Sa - 0015 0272 1 =

Gﬂ,uber,s.o 0030 0280 o

GO_Uber_We 0045 0248 I

GO_Wint_Sa 0100 0237 >

GO_Wirt_So 0115 0228 o

30 Wine_e 1130 0221 u

gl—:“”‘”‘f?‘ 0145 0215 a2

m—;”‘”‘—‘; 02:00 0210 a1

—”“’“’"f © 02:15 0.205 L — —

Gl_Uher_Sa 0230 0202 IR EE]

GLUber,S.o 1245 0189

G1_Uber_We 0300 0198

int_So
— T o
b 2
1345 0208 Insert items
wm oz <[ B

Low Pressure (22 mbar),

Pipe11
Q=76.50 m3/h
v=2.65 m/s
PI=1.91 mbar

Reduction-2
regulated
Q=88.00 m3/h
v=0.00 m/s
PI=22.00 mba

L

For Help, press F1

NEPLAN AG Oberwachtstrasse 2 CH 8700 Kiisnacht www.neplan.ch
Phone +41 44 914 36 66 Fax +41 44 991 1€



Gas Pipe Flow Analysis

NEPLAN

Smarter Tools

Results

- Automatic display of the results in the network diagram with many filter functions

- Coloring according to variable ranges (e.g. velocity, flow, pressure-losses, pressure etc.)
- Highlighting of overloaded elements (e.g. velocity v > v max)

- Line width proportionally to many variables, including the flow and diameter

- Result output to an excel like table sheet, with copy/past possibilities to MS-Excel

- Output to ASCII files or SQL database for further evaluation (e.g. MS-Excel)

- Display results in a sophisticated chart manager (e.g. bar or line chart)

- Result boxes can be moved, deleted, sized, colored and hided

- Self-defined result output: the user can select units, variables, font, precision, placement

- Comparing results was never easier: Results from other variants can be displayed in the same result label
and in the same chart

B 1o - [ i8]
B Pl Edt Fome Yiew elow Sl

HEE
. T
ClEi@] (bie| SR oo | #ole] eiwa) 8]su] alal

Name outside Q |plosse] J | v  t | From |on| To [On| Zone | Area | Panmicc)
== Neplan - [Demo-Gas-High nepprj-Rootnet-Diagram 0] ol i | |::"""'"‘2"'"‘ | min | [ ] [ ‘ Mewe
o - = 4 Pipe-11 T 78 1900 5 85 144 LPNode! ©NDK2 @ Zonel Amal 4
o Eile Insert Edit View Analysis Libraries Options Window Help - Phedt e 02 17 3tz o &b s L e

8 Pipa-1 O 21831 148615314981 487 3355 55 58 & Zone1 Areal 2
7 Pipe-s | [ 15740 611314 4626 304 1081 59 =50 o Zonei Areai 2
B Pipe-s | O 13440059882 437 5181 57 & 58 O Zonei Amail 2
] Pipe-3 O a0 418578 2837 185 1352 57 Esa A Zone1 Amal 2
10 Pipe-2 [ 31831 262823116311 554 4848 58 @ 87 @ Zonel Aeal 2
il Pipe-10 0 4508 0072 072 045 367 62 B HP-Node-1 @ Zone1 Aeai 2
T 12 Pipa-g 0O 4s0a 0072 072 045 367 63 252 o Zonel1 Amal 2
reﬁg;go 93 | Piped L 4980 23954 088 05 6038 &4 =63 o Zonei Areail 2
Q’O S i1 Pipe-s O ag80 47632 481 086 1713 60 T b4 T Zone1 Aeal 2
Vi 15 Pipe-17 O 186567 80020 287 113 4418 66 B 70 8 Zone1 Amal 1
16 | Pipe1s 0 3585273 143573 957 218 1146 58 & g7 9 Zonel Aeatl 1
17 Pipe-14 i o a a o o 91 054 0 Zone1 Aral -1
i3 Pipe-13 [ 83050.43 400B.707137.5 778 7648 01 8 66 @ Zonet Aeal 1
Flow Gn 8 Pipe21 [ 2816251 140784313666 508 3371 o8 a 70 @ Zonel Aeal 1
30 | Pipe20 | [ 3618251 358104220118 614 4831 81 o6 @ Zonei Amai 1
— s 21 Pipe-19 | Ol 1838273 20187 20187 112 148 68 278 9 zonet Aeatl 1
—_— 22 Pipe-18 [ 1838273 39,157 281 142 2232 67 & 68 @ Zonel Aeal 1
" ) Pipe-26 O 6810 11503068521 833 o761 74 G 75 @ Zone1 Aeadl 1
- =
24 Pipe-25 | [ 808922 70827 1336 163 543 72 a7s o Zonet1 Amail 1
—_— e [ | [t i ) i sniy
% Plpe-24 O soro 732171 8479 285 8811 72 B73 2 Zonet Amal 1
2% Pipe-23 2160922 2200748891 434 o484 70 B 72 @ Zone! Areal 1
27 Pipe-25 O ‘34130  1207.88621276 645 1576 63 B 84 9 Zonei Areal 1
= Pipe-34 [ 3264804 47371 1001 108 3633 83 @78 © Zonei Aeadl 1
28 | Pipe3 | O 2478077 1954015117 485 5626 79 a7 9 Zonet Aal 1
ER O @sany7s 184722 80% 133 3062 77 a7 O Zonel Amal 1
731 | Reduction2 | Ol 88 2 0 o 0 HP-Mode-t [ LP-Mode-1 & Zone! Areal 4
32 FEEDER | L 4191918 26000 0 T o 91 & o Zonel Aeal 1
33 FEEDER-2 | [ 103188 26000 O o o le7 <] 8 Zonei Areal 1
34 FEEDER-3 0 31831 26000 0 o o 155 2] o Zone1 Areal 2
L | »
Farkivs puns F1 i imo = =T
Flow Qn Pressure P
K I
For Help, press F1 x=13.7  y=B13
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Water Time Simulation

General features

- Simulation of reservoir filling and emptying process

NEPLAN

Smarter Tools

- Defining events such as: “Start Pump if Reservoir is empty” and “Stop Pump if Reservoir is full”

- Simulation of any kind and size of networks

- No restriction on number of nodes and elements

- Simultaneous calculation of any number of partial networks

- Calculation with load factor profiles (day, week, season, weekdays, Sundays, long term, etc.)

- Import of measured consumption data

- Documentation of the processes in excel like table sheets and in user defined time diagram charts

- To each node an individual load profile can be defined (day, week, season, weekdays, Sundays, etc.)

- Considering time characteristics for reservoirs for supply, outflow and water height (day, week, season,
weekdays, Sundays, long term etc.)

Profile Types

.
e Desciption:  Haushat. Sommer, Werkiag
HO_Somm_Sa Edt behavior

Time Factor g Tem by Years

00:15 0.404 Ei

00:30 0.360

00:45 0322 Description: Gewerbe durchlaufend

o100 0.282

o115 0271 Constart factor 100

01:30 0259

0145 0.251

0200 0.245

0215 0200 Il Trme-dependent factor: assign characlerstics

0230 0235 =

0245 0.230 Normber of seasars: 1

0300 0226

0315 0222 Long tem: =

it 0o

Isstiems | 24

0345 0218 = Saturday Suncay

0400 0218 < | [ Bemove
T G2 lber S T Gllber S
2 G3_Somm_S: 2 G3Somm So
3 GIWine S 3 GIMWin S
4 4

[0k [ Cancd ][ Lhray.. |[ Heb
L d P fl [Cok ][ cancel ][ womy. |[ Heb ]

Example D

Vakam )]

Define events for variables ==
Active| Variable | =<>| WValue Value of Name off Offion On/Off Nam
1 Element-ID On Element-ID
1 [@] iTmeh 4 .0 off ] 353 EL4
Z ] :als > 12 (.. ) 401 EL18 On  [.] 216 12
3 [V| :Hresm 0 456 HB1 On 485 PUMPE1
4 V] ‘als < 33 (.. 486 PUMPE1 On [..) 353 EL4
5 W] iPm > 430 (.. ):204 1 off [.] 35 EL5
6 @] iPm < 485 (..): 204 1 on (] 357 EL5
4 .
T e % e =8 x WS es e g =z EER
I
o —ae
4| [0 +
[ ada ] [ Delete Selected |
i [ oK ] [ Cancel ]

Results in the chart manaaer

Definina Events
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Water/Gas/Heating Interactive Distribution

NEPLAN

Smarter Tools

Interactive Distribution, Portion of Feeders

- Display the minimal and maximal time which the gas/water has to flow from any user defined starting node
to all other nodes in the diagram.

- Interactive distribution: Interactive animation of the gas / water / district heating flow through the network
(evaluation of water pollution, evaluation of gas odorization). The user can see interactively how the
gas/water flows through the network.

- Portion of feeders: Evaluation of the mixture of the medium for every consumer. Each consumer knows
exactly from which feeding element (pump, reservoir, compressor or regulator) the gas/water/district
heating is supplied. The portion from each feeding element will be displayed in the label of each node of
the network.

oy B Paon B taee daml Lorenes O it =8l
Tisie simie] alvon, d-le| | 5F sET AGEEN W 17 e LD s
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/ X = i L9p [ Oup
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& & 994
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Water/Gas/Heating 2D-Profile

2D-Profiles

NEPLAN

Smarter Tools

- Display a two dimensional profile in a chart of any selected pipes in the network

- Copy/Paste to the clipboard for documentation in MS-Word

- Color the selected pipes in the diagram

- The elevation and the absolute pressure is displayed in the chart

- The chart displays the correct proportion of the line length and the elevation

- Export the chart to a *.JPG file for any internet browser

™ yaplan - [20 Profile]
AL File Chot Window Help

ol=lm] [zle] @lz)e]] =]

Profile

i iz ) =i

Sfnlnis o el8) %) @)

A\

Type
Length m | 740
D inner mm | 180
v mis (1790
Flove Gn s (4575
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Fire Fighting Water Plan

NEPLAN'| -

Smarter Tools

- Automatic calculation of all node pressures with a given fire water demand Q

- Automatic calculation of all fire water demands of all nodes with a given node pressure P
- Coloring the diagram according to the results (demand Q or pressure P)

- Display the results in Excel like list format for user defined report generation

- Display the result in charts (with copy/paste possibility to MS-Word)

- Calculate all relevant data for one fire fighting water case (e.g. max. velocity and the respective pipe, min
pressure and the respective node etc.)

Fire fighting water plan
with fixed consumption Q = 48 m3/h.
Coloring according to node pressure P [m]
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District Heating Analysis

NEPLAN'|

Smarter Tools

Calculation

- Calculation with time dependent load profiles (day, week, season, weekdays, Sundays, long term etc.)
- Import of measured consumer data from an existing in-house database.

- Loads (consumers) can be changed through 3 different load factors (general, regional or simultaneity load
factors).

- To each pipe any number of line loads can be connected (e.g. houses, heating ...). Importing of
consumers from existing databases (e.g. from an accounting database) is possible.

- All'load and simultaneity factors of the line loads are considered during the calculation.
- The consumptions can be entered in different units (e.g. I/s m3/h, kW, t/h, etc).
- Simultaneous calculation of multiple partial networks (independent networks).

- Calculation of heat exchanger, heat plant, centrifugal and circulation pumps, reservoirs, valves, fittings,
pressure regulators, etc.

- All elements have a temperature dependent thermo hydraulic model.

- ltis possible to calculate only the forward flow. The return network must not be entered.

- ltis possible to enter also the return network and calculate the forward and return network together.
- The calculation can be done without temperature losses. This can help to debug the network model.

- A powerful up-to-date calculation algorithm (Extended Newton Raphson) is implemented. This allows very
easily inserting new element models. The complexity of the models is no longer restricted.

- The head loss characteristics of the pipes are calculated according to Prandtl-Colebrook and Hagen-
Poiseuille.

- Aload libraries (household, industrial loads ...) with different simultaneity factors can be defined.

- Sophisticated pump and valve models, which allows regulating pressure, flow, pressure differences at any
node or element.
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District Heating Analysis

NEPLAN'|

Smarter Tools

Results

" =
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Automatic display of the results in the network diagram with many filter functions
Coloring according to variable ranges (e.g. velocity, flow, pressure-losses, pressure etc.)
Highlighting of overloaded elements (e.g. velocity v > v max)

Line width proportionally to many variables, including the flow and diameter

Result output to an excel like table sheet, with copy/past possibilities to MS-Excel
Output to ASCII files or SQL database for further evaluation (e.g. MS-Excel)

Display results in a sophisticated chart manager (e.g. bar or line chart)

Result boxes can be moved, deleted, sized, colored and hided

Self-defined result output: the user can select units, variables, font, precision, placement

Comparing results was never easier: Results from other variants can be displayed in the same result label
and in the same chart

Display the temperature, temperature losses and power losses in the diagram and in excel like table sheet
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distribution
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especially highlighted, to give the use
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Temperature dependent medium (water) table

Chart with all node pressures

NEPLAN AG Oberwachtstrasse 2 CH 8700 Kiisnacht www.neplan.ch
Phone +41 44 914 36 66 Fax +41 44 991 1¢



Additional Modules
Application: Gas — Water — District Heating

NEPLAN'|

Height Interpolation

Smarter Tools

- A sophisticated height interpolation module is able to interpolate the heights (elevations) of the nodes with
only a few given predefined heights. These heights can be defined either in some selected nodes, or with
a few height reference elements or even from an external XYZ ASCII file.

Line Length Calculation

- The line length calculation module calculates the line length according to the real coordinates of the pipes

and the scale of the diagram.

Investment Analysis

- The "Investment analysis" module is available, which calculates the investments according to a present

time model.

Auto-Router

- If only the topological data of a network is available without the graphic, then it is possible to use the
"Auto-Router" module, which creates the layout of the single line diagram automatically.
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Sophisticated Height Interpolation Module
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NEPLAN Programming Library (NPL)
Application: Gas — Water — District Heating

NEPLAN

Smarter Tools

NPL - NEPLAN Programming Library

The NPL — NEPLAN Programming Library is a
C/C++ APl library, which includes functions to
access NEPLAN data and calculation algorithms
through a C/C++ user written program. Functions
included among others are:

Access any variable of any component

Change any variable of any component
Execute any analysis/calculation function
Retrieve the calculation results

Add new components to the network
Delete components from the network

Add and change the graphical
information (x, y coordinates, symbols,
etc.) of any component

C/C++ API

NPL - :‘|> developed
Library by the Customer

TCP/IP Bus

SmartGrid NEPLAN®

Application working as
Server

NPL - Applications

Many customized applications are possible:

Implement NEPLAN with a NPL
application in a SmartGrid environment
Use NEPLAN in batch mode (e.g.
running several load flows and short
circuit calculations cases)

Build customized interfaces (e.g. GIS,
SCADA/DMS, DACF, CIM, etc.)

Develop a network master controller with
events (such as “if u <90% switch on
reserve generator”) and run the
application in a quasi stationary mode
Checking protection behavior under
various network conditions

Use NEPLAN as server and connect
NEPLAN to a TCP/IP bus. The client
may send any NPL command to the
NEPLAN server (e.g. run load flow, open
switch, change load, etc)

Use NEPLAN as On-line system and
build a DMS application using the
NEPLAN graphic editor and the analysis
tools

Researchers may even develop their
own calculation algorithms (e.g. OPF,
reliability, capacitor placement etc.)

..... and much, much more.....

NPL — C++ Proaram example

/IC ++ NPL Programm
void RunTestNPL()

//Open a NEPLAN project file
OpenNeplanProject(_Ti{leplanDemoProject.nepf));
[Irun initial load flow
RunAnalysisLFk);
/lchange the line length of line ‘Line-1'to 0.5 km
unsigned long ElementID=0;
GetElementByName(_T(INE"),_T("Line-1"), ElementID);
if (ElementID > 0)

SetParameterDouble(ElementID, Eigh"), 0.5);
/Irun load flow with changed line length
RunAnalysisLE);

This colour means these are C++ NPL library functions
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On-line DMS application: Optimal restorations after a fault
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NEPLAN

Smarter Tools

NEPLAN® Toolbox for Power Systems

The NEPLAN® Toolbox has been especially designed for
researchers and developers which need to develop new

power system models (e.g. control strategies) and new

algorithm (e.g. SmartGrid applications). The Toolbox includes: NEPLAN® Toolbox for Researchers
1. The NPL NEPLAN Programming Library, which is a
C/C++ API that allows to access NEPLAN data and - NPL - NEPLAN® Programming

calculation algorithms through a C/C++ written program
API functions included are amongst others:

- execute any NEPLAN calculation engine

- read/write access to all variables of all components

Library, a C/ C++ API to develop
user defined algorithms

- add / change /delete components and graphical data - G/ C++ API for user defined
- retrieve the results from the NEPLAN analysis Loadflow models
2. An easy to use C/C++ API that allows developing user
defined models for load flow calculations - Function block diagram editor to
3. A function block drawing editor, which allows to develop defined dynamic models for
user defined models for controllers and primary controllers and primary components

components with function blocks

4. A Matlab® interface, which allows developing dynamic
user defined models (controllers and primary
components). The models may also be developed

- Matlab® interface for user defined
dynamic modelling of components

through the NEPLAN block diagram editor and controllers

5. A Simulink® interface, that allows to execute . L@ .
simultaneously the NEPLAN dynamic simulator and the - S'mUI”:‘k interface for running
Simulink® simulator. That means the controllers and/or dynamic models/controllers in
primary components developed in Simulink® may be Simulink® together with NEPLAN®

directly connected to a NEPLAN user defined model.
When running the dynamic simulation in NEPLAN, then

NEPLAN connects automatically to Matlab® and
executes the Simulink® model in Matlab®. The rest of the
network model will still be calculated in NEPLAN
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This NEPLAN function block uses the i,
Simulink® controller. - - -
NEPLAN® Dynamic Simulink® / Matlab® s v
Simulator < > Simulator —

NEPLAN® and Matlab® are running at the same time
and are exchanging data during the simulation.

This Exciter will run in NEPLAN - see Block Diagram

More information and free DEMO at
www.neplan.ch
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