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APPENDIX A

COMPUTOR SIMULATION TOOLS

1 Introduction
This chapter dg lanentals of SIMPOW SOFTWARE
PACKAGE and the VA

2 The VAX 2000 Conplte

The VAX 2000 gonputerisys ontains the following main parts

-

-  VAX-sta stem unit with CPU including 6 Mb

a0l J

of -'skmemory.

& _,;:-_ E .‘:J g TK 50 tape cartridge

Eit. il ™
iF |

- Cogs le Keyboard, .G aphlc Monitor and Mouse.

ﬂumpwmw gIN3
: S@W@Wﬂ@mﬂﬁﬂﬂmﬁ&l

SIHPOW is an  acronym for "simulation of power system". The

development of the package was initiated in 1977.

The computer program package SIMPOW is a tool for power system
analysis. It is designed for calculations of loadflow distributions,
transient stabilities condition, eigenvalues and short circuit

analysis.



The SIMPOW program package consists of:

OPTPOW for load flow calculations

STAPOW for short cricuit calculations

DYNPOW for dynémic calculations

DYNPOST  for pe sing the output from the DYNPOW

- "DSL

3.1 Program Systen
The basi > optimal power flow and
the transient stabi progran subsystem OPTPOW

and DYNPOW, respectiv

The trfmsuission.systen configusation and the data of the
¢ positive sequence

transmission sys : ,|J
- |
paraneters, the static PQ models of the prodiction sources and load are

-9 L7
given as 1! Shta ?‘l ﬂj Wﬁ‘Tﬂﬁ of the calculation,
the steady-stiate 31£uat10n efined by the complex node voltages.

¢ o
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that reads the input data, writes it in an edited form, converts it to
per unit quantities, performs checks, arranges the nodes in an optimal
order etc., the calculation module that solves the system of the

equations, and the postprocessor that lists the results.

"For a transient stability calculation OPTPOW is employed to

calculate the initial steady-state conditions, which together with



the transmission system configuration and data are transferred to

the DYNPOW subsystem. Supplementary input data to DYNPOW such as the
data of the dynamic models of generators, regulators, and SVC systenms
etc., faults and protective systems are given by the user. The state
variables as functions of time ﬁre obtained as results of the :

calculation. DYNPOW is alse ed into three basic program

nodules: the preprocesso: - th nodule and the postprocessor

During the calculatie

each integration tim .1Q{. :
data for the postpr hich \\‘\\

are stored on a file at

“variables are specified as inpu®
m::z:s\;e listing and plotting.

ed ==:$\‘-sa ate activity and retrieve
'\_3\3\* :
ables, d ermined at one

pbe performed in steps,

The postprocessor ¢
data from the sa
calculation, thus

without rerunning t hich is the most costly

-
I} 3

part. A transient stabil gsaxﬁﬁg an be restarted and continued

i.e. it can be performed dn' st '7imv‘, estart, new events, e.g.

faults can be def ature allows eeonenic use of the
: T4 .
processor time. g ﬂ]

P TEN S WET o e

elements, txpnsmi551on lines, ansformers, generators etc., are built

j ¢ _
into Wﬂﬂl‘ﬂm i cﬁ]iﬂ pi‘ﬁnt]hat can be
sinulated is merely deter ‘ eﬂﬁhe capac ‘tgjof nputer systenm

enployed for the calculations and a reasonable calculation times.
3.2 Properties Of The Numerical Technique

The system of algebraic and differential equations defined by
the static and dynamic nodels of the power system components and their
interconnections in the transient stability problem, are solved by a

version of Gear’s integration method.

~
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All the equations are solved simultaneously, instead of
sequential solving of the set of algebraic power flow equations and
the set of differential equations as was usually done in the past,

thereby avoiding interface problems and approximations. It is achieved

by proper structuring of the system of equations.

Gear’s method is. dictor-corrector type of

integration method. e also for time steps
greater than the s ~ined by the system

parameters. Basic e expressed in the form
iable, time. The order
of these polynomi 14 ‘ ';}:f‘v;ﬁ_, hosen such that the

‘ _\\\gnials is kept within a
tolerance chosen by his f,i- ‘i',fﬁhlt‘ ata and so that the time
step is maximized. Th et e : i varied automatically so
that smaller time stebs e ;gi ing periods with rapidly varying

transients and §!f8§§ £ are us hey the state changes

tErmined by the user.

This feature allows the 0 be incéELsed to very large

values with retained pumerical stab#llity. The same numerical

s 1 o VHERHA G THEJo | o s, 1

addition, for solving the opfimal poweguzlow proble it has been

rors AR FEE L PR VDN B a8

As part of the solution procedure, the corrector is calculated
from the power system equations employing Newton-Raphson’s iterative
nethod. The system of equations has a sparsity structure, which is
exploited by treating only non-zero elements of its Jacobian matrix,
employing LR factorization and by keeping the number of non-zero fill-

in elements small by an optimal orderiné of the equations.



when ﬁhe system configuration is changed, e.g. due to a fault,
disconnéctibn, etc. the integration step is truncated at the'instant
of time for such a state change. This allows limiters in controllers
to be treated accﬁrately, through determination of the instant of time
when kneepoint is reached and continuing the calculation from this

time on.

3.3 OPTPOW

The OPTPOW he SIMPOW family. It

- calculates an initia "of unlimited number of
nodes and the compone only by the computer as
no limits are bui

Natel
e

The electrical's t&ft;#gzéf ’sy tem is assumed to be

symmetrical and_sinuso'f ‘PO ;_‘7 ency. Hence; the ac systen

is represented j=8_Single Dhase poyer --as-.a{' y model. The

electrical staté 8 de itive  sequence phasors of the
L

node voltages, the injected currents from loads and the productions

sources, anﬁﬂﬁﬁrﬂﬂ ﬂ%’“aﬁd’lﬂ?nd the phase

shifters.

A I AB AN A L e

Basically, it involves the studying of the active and reactive power
balance and distribution, node voltage magnitudes and phase angles,
for a power system under normal operating conditions. Different
control measures may be studied, e.g. the need for shunt capacitors,
reactors, static compensators for handling surplﬁs‘or deficiency of
reactive power which are reflected in high and low voltage magnitudes

respectively, LTC of transformers for control of the reactive power
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flow, or phase shifters for control of the active power flow to
eliminate potential overload and stability problems. A wide
application of a power flow calculation is to establish initial
conditions for a dynamic simulation, e.g. a transient stability or

overvoltage calculation. Basically, the complex positive sequence node

(1) Modelling

Most sys ed such as passive and

notor loads,activ ources, transformers,

transmission lines, & itors, and series

capacitors.

gan be represented e.g.
X )
4?' ces and transformer tap

HOSt control runctions and CONSLralnts

voltage control By me

changes, contro] Qf the pdweriflow by means of power injections and

S INENTNYINT
IRTANHIMANIN A

The numerical technique employed, (Gear’s method) assures

convergence of the solution defined by the system model.

The solution procedure for a new case starts with the system
~de-energized, with zero currents i.e. with a known solution. Then the
reactive power sources are energized and the voltages are established,

after which the active power is taken up, and finally the control



variables are adjusted so that all constraints on power flow and

voltages are fulfilled.

(iii) Program execution

The preparation of. it 416 4o the program can be made

- in a separaee-sctivi sing _the computer editor -
- in 2PAT 3 tawit 3 “Hﬁ;; forms input svstem
All data a i date aiix The power flow output
can be printed out ‘ts ;" iw.» on the single-line

3.4 DYNPOW

The ;',— TOZTan 1 GEEpEOETaR in the SINPOW family
for dynamic calcu!ﬂtio 1l

]

‘o . T
DA DI FUMRFF s
preceeding f%hd flow with thg OPTPO¥ program and add1t1ona1 data are
glverQywq Mﬂﬁmtﬁ mq%ﬂ qna H of data for

_machlnﬂs as well as data for controlling the calculation and the

output.

The purpose of a transient stability Qalculation is to study

electromechanical pheonomena in a power system after a disturbance

has occured.



3.5 DYNPOST

The DYNPOST program is a computer program in the SIMPOW family
for post-processor to the transient stability program. The brogram
reads the result from the transient calculation, prints the results an

generates data to a general plot program, which performs the plotting

of thé result.
The input ,nr.p._: ul fr@nsient calculation and

*agﬁﬁh:f"ales to be printed/plotted

user’s input data,

and the laout of *€ Tagrams. Input data tored on file.

-3
AULINENINYINg
ARIANTAUNNIING 1A Y



APPENDIX B

* This appendix show the computer simulation result of SIMPOW

software package. The power ’ iye power, current and voltage are
all in the phase value. T L / results.
>
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APPENDIX C

TARIFF POLICY

1. Cost Concepts

_Althrough (H&™ nai ] %pricing may sound simple;

the pricing Qf elec ; »_”u ated practise, especially when
it comes to defing

They may be define 8 ‘ﬁ h}' hree different principles:

(1) cost concept'ls defined
by what would be calle OnS of the utility. This
peans that the 1ncoﬁe f | electricity must be
sufficient to ¢ period of years-the average
total costs. Th v, J maintainance and
adninistration cofﬂs. c ui te cost calculations for

tariff design in thf beginning of the power supply era. It is easy to

oo S 1) Y15 YRR e s 1

sales. It idlstill the bas1s for price regulatlon of electr1c1ty. The
ATC ﬁ Wﬁ}ﬂ@ﬂ?tﬂ\ i‘i W?WMﬂ s resources.
611 Short Run Maglnal Costs (SRMC). This cosgf[oncept is e
defined as total costs to increase the supply of electricity to :
‘customers within existing capacity of both production, transmission -
and distribution systems. SRMC equal the changes in incremental costs
due to small increases of demand. In the production system SRMC
include: a possible increase in fuel costs, decrease of sales of

interruptable deliveries,increased costs due to the risks for future




power shortages and so on. In the distributibn systems the SRMC
include mainly increased costs ofllosses and of the risks for future
power shortages. This cost concept corresponds to the total economic
éosts of delivering an extra k¥h to the customers. Since consumers
use as‘'much electricity as is economic for them at the existing price.

level, the SRMC level creates hort tern balance between supply and

demand. Due to variation _ er the year and from one year
to the other, tariff cin-never 'exaﬁespond to t.he real SRMC.

‘They are based on f ! H

: WESng; This cost concept is
ter of meeting a considerable

amount of new deman 'cushon st BN cl des total costs for new

capital costs:” It 1% ';‘“’-"1“'~grigit-at existing demand has to
pay for the existing capiEi;- ~a:f at the new demand_onlx;shoufd pay
al

for the incremen increased capacity.

Alt.hroughDRM ’pqﬁt of view is the best

cost concept, and t;r ffs are det 1ned to correspond as closely as

possible tﬂRﬁ&L%Wiﬁtﬁﬁ 08¢ fonk frba Jmust bave sufficient

income to c(')'uer their total gosts The ATC concept t&;refore always

LR IRERFRURIIN BAQY-

electricity tariffs.

2. Practical Tariff Design
There are several criteria for pricing of electricity, not all
of which are mutually consistent. The main objective is that economic

resources shall be allocated efficiently not_only between the



electriqity sector and other sectors of thp.econony, but also within
the power supply sector itself. This-implies that cost reflecting
prices nust be used to indicéte to the electriéity consumers the true
economic costs of supplying their specifié needs, so thay supply and

‘demand ‘can be matched efficiently.

. and equlty have to be satisfied

vhich may imply some 11 itations 1clent use of resources:

e A fai;-aiiﬂeg_"f ‘,-RK%\;.x\\:T he electricity consumers,

pply systems

ability from yéar to year for
LR e e | ?# -QNQFE- e enough to be understood

- The important “res: 3"75 st electricity prices must raise

sufficient revenues to meet the fi requirements of the power

Since - norq@l tariffs ca ot for practical reasons be

individual ﬁ r{chéh Q‘él{.leg wa‘jhw 8’}ﬂ‘§tured to vary vith

the marglnafucosts of supplye
- in different geographlcal region,
- by different voltage level and

- by different consumer categories.
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