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ABSTRACT

The reactive power consumption by industrial planis
and generation patterns in the Ethiopian Electric
Light und Power Authority’s (EELPA) sysiem is
critically evaluated. The flaws in the incentive
mechanism for reactive power comipensation are
identified and recommendations made.

Further, the voliage profile at the transmission level
Jor peak and minimum loading conditions are
calculated using a loud flow program, the reasons for
the less than satisfuctory voltage stability arve
discussed and recommenduations made.

INTRODUCTION

The quality of electric power at a supply point can be
guantified in terms of how stable arc the voltage and
frequency and how close 1s the power fuctor to umty.,
The conlinuity of supply and in three-phase systems the
degree to which the phase currents and voltages are
balanced constitute additional quality parameters.

Most industnal loads absorb reactive power. The load
curreut, Lhetrefore, tends to be larger than the usetul
current in encrgy conversion, and, as a result, the
eXCess current represents a waste to the consumer as
well as to the supplier i the sense that it causes power
loss, necessitates additional cable capacity und causes
excess voltage drop. The most obvious way 1o counter
these wlavorable cffects of the reactive power would
be to increase (he size and number of generating units
and distribution networks. However, it 13 much more
economical and practical to size the components of the
power system according (o the maxamum denvand for
real pewer and to manage (he reactive power by means
of equipment specifically designed to generute the
reactive power required by the loads. On the other
hand, the reduction of the load during certain parts of
the daily Joad cycle causes a gradual voltage nse. The
linc charging current in long distance transmission
systemns causes the voltage to rise. This overvoltage
{Ferranti effect) would Limit the power transter and the
transmission range in Lthe absence of any compensation
measurcs.
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In this paper, the management of Lhe reactive power is
explored with the aim of improving the quality and the
reliability of the supply in the EELPA s interconnected
system as well as the demand side management will be
discussed and areas most amenable to improvement
identified.

BRIEF REVIEW OF BASIC RELATIONS
a) Voltage Drop and Losses

For a simplified analysis, the transmission line can be
modeled using a reaclance connected in series with a
resistance.

ZJ Rl + J;k:

where Z, R, and X, are the line impedance, resistance
and reactance, respectively.

If the line supplies the power & = P, + j{J where
and {J, arc the real and reactive power, respectively,
and the voltage magnitudes at the sending- and
recetving-ends of Uic line are I and V), respectively,
then the voltage drop can be calculated using Lhe
following expression,

SV = [RP+X,00 v ] AP -RONTV (1)

By adding a compensator n parallel with the load, it is
possible to make El= IV | For this special casc

I 1 [ A RJJ}! "Y:'C-):] : ‘[ ‘Y.:P.l’ RJ'Q:]2
1 7

I
where (O, = (0, + (2, 1s vahd.

¢, 15 the vutpul of the comipensator
‘There 15 always a solution for 2, whatever he value of
P, This leads to the conclusion that a purely reactive

comnpensator can always eliminate supply voltage
variations, i 1t can be smoothly controlled.



Fekadu Shewarega 29

If the comipensalor is designed in a such a way hat the
power tactor at the supply point 1s unity, Eq. (1)
simplifies o

ab = (R, - X} PV

This equabon shows that ecept for the practicallv
unimportant casc of P = 0, the compensator cannot
maintain both constant voltage and unity power factor
at the same time.

The total loss on the ransmission hine s
PM_R(PIJ+QI:)M (2)
and the Joss due only to the reactive load 1s

Pq,,, =Rqgl 1" 03
Up t now, the reactive load (J, was assumed
concenirated at the end of the line In practice, neither
the distnbution of the active load nor that of the
reactive |oad i distnbution feeders 15 known exactly,

and appropnate models need to be used
b) Voltage Profile of a Lightly Loaded Line

The fundamental equation govermng the propagation
of energy aleng a ransmussion line 15

g Vrde?=
with I = (r+jadifprjewey and I'= a

r. I, g, and ¢ arc the resistance, mductance,
conductance, and capacitance of the line per unit
length. & and £ are defined as the attenuation and the
propagation constants of the line, respectively. For
simplified analysis. the line can be assumed lossless,
i.e., the attenuation constant (&) can be set equul to
ZETO,

The solution of the transmission line wave equation is
Vix) -V, cosfa-x) + jZ 1 sinflu-x)

wilh 7= the lengih and Z, = the wave impedanee of the
line. ¥, and { arc the voltage and current at the
receiving end of (he line, respectively. The
uncompensated line at no load is characterized by /, =
0. It follows that the voltage at the sending end of the
line is

Vix=0)=E =V, cos &, with #=fa

The vollage at any arbitrary pownt along Lhe line
terms of the sending-cnd voltage then becomes

Vx} - E cosfia-xjicost 4

An example on this pont s prebably instuctive.
Assuming ¢=0.012x10°F/km and /= 9.78x10" H/km
which are values willin the normal range for an
overhead transmussion line and settng E=i{ p.u., the
vollage at the receiving end of a 640 km long line 1n the
abscnee of any compensation measures would be 1.58
p.u  »hich clearly 18 a dangerously high value

REACTIVE POWER CONSUMPTION OF
SELECTED LOAD CENTERS IN THE
INTERCONNECTED SYSTEM

Load compensation 1s e practice of generatng
reactive power as elose as possible to the load which
requires it. This 1s done m most cases by the industrial
and large commercial consumers themselves Utility
companes charge for bolh he acuve and reacuve
encryy (varh} to encourage consumers to operate at
high power factors, Llie power factor tantl or penalty
is unposed when a conswner operates below a
specified minimum, which 15 .85 m the EELPAs
case

A sunvey was conducted tu find vul how some of the
mdustrial eonsumers adhere to tis requiremnent,

Addis Ababa

For this study, the Debre Zeit Road, due to its hngh
density of industrial plants, was chosen. The factories
selected for this study were Addis Tyre Factory,
Elhiopian Rubber and Canvas Shoe Factory, ECAFCO,
and Adey Ababa Yarn Factory.

All, except Adey Ababa Yamn Factory, remamed, by
and large, within the maximum permissible reactive
power consurnption, and power factor penalty was
rather an exception. Within the Adey Ababa Yarn
Factory, the Spin Mill No. 1 had the largest reactive
power consumptien. EELPA s billing register for (he
peried from Apnl, 1991 1o March, 1994 indicates an
average power factor of 0.56 with an average real
power consumption of 150 kW. The factory paid on
average a penalty of 850 but per month. To raise the
average power factor to the mimimuwm required, a
capacilor bank with a minimum capacity of 130 kvar is
required. With the estimated cost US $3355 for the
bank, the factory would save 604 birr per month if 1t
mnstalled one,
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this regard, the voltage stability plays a central role. A
lot of work needs to be done in this area.

The suggested increase in the minimum power factor
from 0.85 10 around 0.9 and its strict enforcement
would ncrease the transmission capacity und reduce
the power loss and voltage drop 1n the distnbution
system substantially. The significance of this step
becaanes immediately evident when one notes the fact
that the losses in the distribution system outslrip the
transmission and generation losses put together.

Although furiher investigations need o be undertaken,
the installation of TCSR at critical points in the
network would tremendously enhance EELPA’s
voltage control capability. '
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