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ABSTRACT

Thig papertakes alook atthe effqct of power '

factor correction on the energy consumption in
an industry. The use of stalic capacitors to
achieve significant improvement in energy con-
servationinsomeindustriesin Kumasihasheen
studied.

It is estimated that on the average static
capacitors can be used to save 20% on indus-
trial electricity bills. The capital recovery pericd
is leds than two years tor most of the industries
studied.
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INTRODUCTION

The Industrial sector of Ghana consumes
about 35 per cent of the Eiectric Energy sold by
the Electricity Corporation of Ghana. With the
current rehabifitation exercise embarked upen
by the corporation and the expansion of the
industrial sector, it is important to distribute and
use electricity more efficiently.

Inany ac electric system, the value of the
power factor is a measure of the electrical effi-
giency of that system. A system with a low
power factor has low efficiency and this paper
iooks at the effect of using power facior correc-
tion to reduce the anergy consumption in some
industries in Kumasi.

Power Factor
For a single phase system supplying a load
P atvoltage V and current |, we have

P=IVCos © sl )
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For a balanced 3 phase load,
P= ¥3VICOSO ooviimininenennnf2)

where € is the phase angle between the line
voltage V and the line current |, and cos @ is
the power factor.

For resistive loads, V and | arein phase
and cos & = 1. For circuits with windings, the
current lags the voltage and cos 2 < 1.
Examples of such inductive circuits are motors.
{ranstormers, andfurnaces. Withthese circuits,
part of the absorbed apparent power goes to
energise the magnetic circuits and does not
produce useful power.

For capacitive loads the current leads the
voliage. itis thus possible to alter the phase shift
of inductive loads by introducing appropriate
capacitive loads into circutt. ;

From equation (2) the conductor current is
given by

™ P O ¢
{ ¥3V cose)

Thus a low power factor means a high current,
and this has the following important effects:

{. The line fosses are inversely proportional to
the square of the power factori.e. 1/cos?e.
Thus losses at 0.8 pf are 1.57 timesthose at
unity power factor.

2 The rating of the generators and transtorm-
ers are proportional to the current. Larger
generators and transformers are thus re-
quired.

3. Since most industrial loads are inductive,
the low power factors are usually lagging,
and this causes a large voitage drop; extra
regulating equipment is thus required [1).

As a consequence of the above, most in-
dustrial electricity tariffs are framed on a two-
part structure, one part of which is related to the
capital costs inthe formof a maximum demand
{MD) charge andthe otherto runningcostsinihe
form of a unit (KWH) charge. In Ghana, the
maximum demand is based on the KVA. Now
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for a given kilowatt load, KVA is inversely pro-
portional fo the value of the power factor. Thus
the maximum demand charge imposes an auto-
matic power factor penally, When the power
factor of a consumer is improved the KVA
maximum demand is reduced and his eleciricity
bills are therefore lower.

The supply authorities also reap the follow-
ing benefits.

1. theload output of a given plant is increased
- and with it the earning capacity,
2. line losses are reduced to a minimum,
3. voltage regulationis considerably improved,
and
4. thereis a beneficial effect upon the stability

of the system.

The supply authorities are therefore able te
provide more efficient distributior§ of electric
power, withmore consumers benefiting from the
same generators and transformers.

POWER FACTOR
CORRECTION

The magnetizing current associated with
inductive loads connected to an ac circuit cre-
ates a lagging power factor, However, by con-
necting to the circuit devices which operate ata
leading power factor, the magnetizing current is
neutralized and the angle between the current
and voltage is reduced or eliminated at unity
power faclor.

Methods of improving the powerfactor shall
now be considered. Theseinclude the use of the
following: ;

{a) Correct sized motors :
{b) Owver-excited synchronous motors
(c) Phase Advancers and

(d) Static Capacitors

These methods are considered below.

- Motor Size

1. High speed induction motors are smaller in
frame size and also have betler power fac-
tors than low speed motors. High speed
motors are thus preferred.

2. Induclion molors have maximum power
factors when fully toaded and should there-
fore not be left on low load.

Synchronous Motors
The property of a synchronous motor gper-
ating with no load is that it takes lagging KVA
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when the field current is below a certain value,
and leading KVAwhenthe field current is above
this value. They are mostly us¢d on power
systems where large amounis of reactive en-
ergy in a single controfled block are needed for
power factor correction and voltage regulaticn.

r~hase Advancers

Phase Advancers are a.c. commutator
machines whose functionis 1o improve the power
tactor ot induction motors. The use of these
machines becomes economical for large induc-
tion motors above 100hp.

Static Capacitors

A static capacitor takes a current which
leads the voliage by an angle only a ittle less
than 902 It has small fosses, requires no main-
tenance, and is very convenient in the small
sizes.

METHODS OF INSTALLING
STATIC CAPACITORS

We shali consider four of the methods used
in installing capacitors for power factor correc-
tion in industries. [2]. These are:

) Distributed or individual correction
2) Centralized or overall correction
3) Group-mode correction

4) Automatic powaer factor correction

-

individual Power Factor Correction
Inthis method a capacitor orbank of capaci-

tors is connected to the terminals of each load

and is switched oh or off with the load. This is
technicalty the best method and offers the fol-
lowing advantages.

{a) Accurate inductive reactive power compen-
sation divecily at the terminals of the load
requiring it

(b) 1t is impossible to take energy with leading
power factor since the capacitors begin 1o
function at the same time as the ioads to
which they are coupled.

{c) Controls and protection on the individual
capacitors are eliminated since the load's
windings are sufficient to provide discharge
circuits.

lis disadvaniage is that it is the most expen-
sive because

{(a) it splits the required reactive power into
many separate banks,

{b} it invelves more total capacity than group
correction.
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This method is recommended for a plant
with few loads of sizeable power responsible for
pushing down monthly average power.

Centrailized Power Factor Correction

In a case where the installed power is con-
siderably higher than the average power ab-
sorbed by the loads and many unils require
improvement, power tactor correction is made
with a single bank of capacitors. The rating of
such a bank is determined according to the
average magnetising current requirementofthe
plant and is kept in use during its entire working
period.

This is the most practical method and takes
advantage of the load diversity factor of a group
of induction molers and provide s the most etfec-
tive correction for a given amount of KVA. It also
helps to reduce feeder losses and improves
voltage regulation.

Group Mode Power Factor _

Correction

This method requires the instaitation of
capacitors at the terminals of frequently used
loads. Where bothlarge and small-rated motors
are used, t may also require individual correc-
tion of the large motors and a grouping of the
smaller motors together, for collective improve-
ment.

Automatic Power Factor Correction

In cases where the reactive power absorp-
tion varies widely overthe day, a certain nurnber
of bank elements must be put in or taken oul of
circuit as the power varies, in order to provide a
constant power factor correction. For such
situations, an automatic power factor corraction
plant could be installed. This may employ a
refay to control a number of capacitors through
the medium of contactors. The number of ca-
pacitors needed at any particular time will be
switched on automatically. itis also possible to
operale the sysiem manually.

MOST ECONOMIC POWER
FACTOR

Wherever the idea of power factor correc-
tion is under discussion, it is often the desire of
the consumer to know the new magnitude of
power factor which would result in maximum
savings. This vailue of power factor is called the
Most Economic Power Factor, and it is evalu-
ated as follows {3 4].

Let the consumer be supplied with aload P
at a power factor of cos @1, Let maximum KVA
demang = S1.

Journal of the University of Science and Technology, Kumasi, Yol. 12 Number 2, June 1992

After installation of power factor improvement

equipment,
let power factor = COs¢2,
and maximum demand = Sz

Let maximum demand charge/KVA/annum = A

Then annual. savings effected by consumer
through the power factor comrection equipment
is:

P [
A(S1-S2) = A[cosm : cossﬁz]

Now KVA rating of the power factor equipment
is give Dy (1an @$1 - tan ¢2).

It the capacitors cost B cedis per KVA per
annum, then annual expenditure on power fac-
tor correction equipment

= BP (tan ¢1 - tan ¢2) cedis

Net annual savings,

Gl [ P P
cOs¢s  cosgz

For maximum savings the differential coefficient

with respect to ¢2 is zero. Thus Sin g2 = B/A
Hence the most economic power factor,

]— BP {tang1 - tangz)

Cos ¢2 = Cos (Sin" B/A)

Therefore the most economic power tactor
depends on the annuat expenditure on the cor-
rection equipment and the lixed charges per
KVA of maximum demand, but not on the origi-
nal magnitude of power factor of the installation.

INDUSTRIES WITH POWER
FACTOR CORRECTION
EQUIPMENT

There were oniy 4 industries in the Kumasi
area which had power factor correction equip-
ment installed at the time of preparing this re-
port. The names of these industries as well as
the year of installation of the equipment are

given below:

1. Logs and Logging Limited 1986
2. Naja David Bondplex 1987
3. Timber Industry Limited 1988

4. Specialised Timber Products 1985
We shall now logk at each of these industries.

Logs and Logging Limited

This is a timber sawmill and plywood indus-
try. The major equipmant used are induction
motors for cranes, rollers, compressors etc.
There are 3 transformers in use, each of rating
750 KVA, 11KV/440V.
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Mode of installation

There are 4 separate banks of capacitors,
each of rating 92KVAr 1204, 440V ac. They are
installed on the low tension side of each of two
ofthe transformers serving the industry. Each of
these banks is protected with a 1 60A fusible cut-
out. The entire capacitor s automaticatly con-
lrolfed using & revessing motor switch gear,
and contactors are provided for normaf opera-
tion.

Cost Analysis
Cost of Equipment = ¢6,000,000
Power Factor before

instaliation = 0.6
Corresponding KvA

maximum demand = 1000
Power Factor after

installation = 0.85
Corresponding maxi-

mum demand = 700 -
Max demand charges = €594 00/Kv A/

month
Monthly savings due to reduction in Max
demand = 300 x ¢524 .00
= ¢178,200.00

Annual Savings =  ¢178,200 x 12

=  ¢2,138,400.00
£6,000,000.00
e¢178.200.00
= 34 menths

Percentage Reduction in Energy Bil
_ Savings x 100%
~ Total Energy Bil

Capital Recovery period

178,200 x 100%
" 1,400,000

]

12.7%

Naja David Bondplex

. This industry deals with the production of
veneer and plywood. It also uses induction
motors of varying capacities. It has a trans-
former with a rating of 750 KVA, 11kV/440V ac.
The installation consists of centralized units,
individual units and group mode units as shown
in Table 1.

Timber Industry Limited |

This i basically a sawmill using thrae main
induction motors of ratings 37KW, 45KW and
75KW, 3 phase. Power is supplied from the
commercial 415V ac by the Electricily Corpora-
tion of Ghana.

TABLE 1: NDUSTRIES WiITH FOWER FACTOR CORRECTION EQUIFMENT
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Specialised Timber Products

This industry is & sawmiil which also pre-
duces plywood It uses induction motors uf
various sizes. its correcting plant employs g
S40KVAr capacitar bank, centrally corrected. At*
the time of the study the ban was not in use due
to burnt contactors as a resutt of overloading.

POWER FACTOR ‘
CORRECTION ANALYSIS OF
INDUSTRIES WITH LOW
POWER FACTORS

All the industries in Kumasi have power
factors below §.90, most of them between 0.50
and 0.85. Thus ali the incdustries need power
factor correction plants to reduce their maxi-
um KVA demand. The analysis includes the
ratng ofthe currection plant, the annyal savings
expecled and the jay back period.

A comouler programme was written lo per-
ferm the apove analysis 1or some of the indus-
ies in Kumasi. In he analysis the capacior
cOst 15 ¢6.500/KVAr, Power Factor is improved
from th2 ongirai value to the most economic
value of 0.97 lor all the industries. [5.6]

OBSERVATION

The powerfactors for the differer ! ndustries
were derived from the readings on their KVAH
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and KWH meters. The analyses made here Fig 1 is a plot of the originat power factor

assume fairly accurate meter readings of the against the payback period in months. This
fitty industries. shows a payback period ranging from abouit 7 1o
Table 2 shows the results of the analyses of 165 months for power factors from 0.37 ta 0.91.

the 50 industries in Kumasi. Figures 1,2 and 3
are derived from this table.
TABLE 2: ENERGY DATA ©ON INDUSTRIES

S OLD MAX MAX, DEMAND RECUIRED ANNUAL
POWER PAYBACK
INDUSTRY FacTor | cEmMaNDr | IN KVA m{::f!mfm SAVINGS smms PERIOD
NAME TYPE POW FACTOR | OLD | NEW ICEDIS} MONTHS
1. G GHASSOUR | Sawnyil 0.54 185 1o | 55670 70.632826 315,884 204872 137420
SAWMILL
2, LOGS AND Tirnber o0se 127 750 | 456.18 A5 65147 1,882 763 98144 18.893Q
LUMBERLTD.
2 UST Educalional { 0.90 2179 1743 14375 B8 504 1 2,177,420 42150 51.4953
4, KUMASI Browary 079 1678 1323|0774 548, 19605 1,743,961 €.0594 40,0265
BREWERY LTD.
6. CITYHOTEL Hotel 073 247 180 | 13544 90.088541 MN7453 53178 332842
6. FECHASSOUB Sawmill .51 29 270 | 141,95 1687.73621 N2 678 874 12,1321
7. EO‘I:IMSAFIPONG Sawrndl 0.62 159 B Ta o I -TE-"1] 61870224 0847 18384 02762
A kL
8. PEPRA SAWM ILL Sawrill 0.57 * g8 180 | 16877 122.18206 520,080 25.087 15,5534
9, KUMASBI STONE Cuarey 0.63 317 200 | 129.89 123.70004 490,635 24073 202762
GuUaRRY
16. HOTEL GECRGIA Hetel 081 1o 00| 93814 18.854075 44,091 2.0882 165,965
11, FRANCO WOOQD Tirmisar DEY 452 A00 | tBRES 191.45530 783,833 24 852 18.541%
PROCESSING CO.
12, FYNE INDUST.LTD. T il 234 150 98,969 91195368 383,748 130 21.2223
13. NOKS HOTEL Huatel 085 12 100 1,752 23290643 58,788 5.0C55 121,738
14, K'S| LOGGING Logging Q.84 o] a0 | 206,90 273.58910 1,081,245 659 21.2223
A LUMBER & Lumbar
15. ATWIMA TIMBERS Tirnbes 067 ac3 270 | 18848 155.08068 205,225 10122 24,4388
16. ASHANTI Timba o037 A32 180 610X 132.60818 5452 3414 8.74503
TIMBER CO.
1T KA LIMITED 088 145 100 | M4 55.067606 205,757 11,384 26.0660
16. RIDGE TIMBER Timbar o852 g2 100 53608 72 W8T 30,880 31.138 12.5449
GO LTD
10, EJISU FOREST Timber 043 430 MY | N0se 11891266 349,788 3.2345 648743
PRODUCTS
20. WOOD COMPLEX Wood 0.82 280 235 | 20350 78.G34700 224,495 5.0062 70.7070
LT Processing
21, POKL INOUS T RIAL Trmbar & 065 ) 252 | \6AEE 15045127 52,57 16427 222274
COMPLEX Oificas
22. SE.A TIMBERS Tirmber os2 274 170 | 10RES 104 98857 437.233 32468 19.2843
23 TIMRER & Timter 062 s ) 200 | 13230 13024853 532,795 17.258 19,3843
TRANSPORT LTD
24 WEST AFRICA Timber 060 M7 150 80412 B4.451357 B 461 24,482 17.7450
HARD WDODS
25 PANT TMBERS Tirmber 243 208 118 50153 TE,56843 355,665 24,080 131810
LD
26, STATE FOOTWEAR Footwear 030 174 157 145.67 32021595 80,760 54281 140,692
CORP
27, BEIANILOG & Loggmp & 0.52 s 440 | 23587 319.40046 1,454,004 16,815 128449
LUMBER CO Lroes
28 FORESTA AFRICAN Sawmil 0.89 138 20 108.86 30530087 79,963 E.9504 108.995
SAWMILL
29 G.w5.C Ot cos (X1 421 e 20164 126.5630G 0,282 19673 508204
30, NALA DAYIO Veneat & 079 665 %25 | 42757 217.9%9¢ 849,420 5 0565 48,0285
BONCFLEX Plywoad
31. GANEM TIMBER Timber 054 156 0a 65975 60.797578 242,459 12676 21,2223
(&(v]
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TABLE 2: ENERGY DATA ON INDUSTRIES (CONT'D

POWER DLD. MAX MAX. DEAND AEQUIRED ANNUAL PAYBACK
INDUSTRY oo | oemanoy 1N HVA CAPACITOR SAVINGS SAVINGS FERICD
NAME TYPE POW. FACTOR Qeleanl (EEDISy ol (MONTHS)
12 v:%)a INDUST. Timber 0.70 183 107 | 77216 57541574 212,207 13.27% 26,3701
3. ONTER TIMBERS Tirmer 0.58 24 e 7T 7,000120 72 567 20708 16.2738
a4, FABI TIMBERS Timber ORE X5 185 13268 11424153 A 214 12410 32974
35 MAXWELL Titmber o2 65 220 | s 138.42733 585,811 14,892 1
OWUSU TIMBERS S 13683
36. STAR TIMBERS Tinber 054 380 208 | 11a12 144,79728 647,766 32251 12742
37, MARS TIMBERS Timbes 052 -3 115 | 61548 83.243527 280 282 28010 126448
GO.LTD.
35. APPIAH MENKA Somp 065 162 ws | 70360 62.688029 246,908 17,598 2274
COMPLEX Produntion . : i
3§ KUMI & GO Sawmill 0.59 183 100 BOE24 65953330 279,241 10391 16,9900
SAWMILL
40, SPECIALIST Timber 8 2z 148 78.348 100.12109 503663 16,020 121321
TIMBER PDT.
47, HOTEL AMIS3AH Hotel o 27 100 51.443 41501417 182,272 98152 48,0265
42, ASENEMASCO Sawnif 046 250 1157 | 545G 84.352885 430,967 WADE 9,86004
SAWMILL -
43, DANIEL SAWMILL Sawmll 0.50 200 00 §1.545 74,071360 57T 34,745 18412
44, EHWIAR Sawmil 0.57 184 103 80.625 8.015260 302,756 20541 15,5024
SAWMILL
43 AGT TIMBERS Timber 072 535 673 | 49954 345.60235 1236977 BB719 515
46, KASSARDIAN Conlraciar 063 268 185 13156 101 91262 380,650 21059 x.0850
47. GHANA SEED Seed LTI 227 100 45.360 78,772337 490,468 19,258 9.08455
COLTD, Proces-
sing
48, TRIO 0.80 147 100 70.103 50.276804 212106 12,268 25,6588
ENCOURAGE
LY
45, Y.TEL BITAR Tirmoer 046 281 120 1640 1D0.44216 487.202 25.543 9.86904
L™
50, GHANA WOOD Sawmil 059 169 160 £0.824 £6.053530 270.241 2241 16,8900
SAWMILL
| - r
3 2ok ¢ ost
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“Fig. 1 Power Factor Corraction Analysis
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Fig.2 Power Factor Correction Analysis
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It is observed that a large number of indus-
tries have power factors less than 0.7 wilh
payback period less than 3 years. Those with
poorer power factors of less than 0.5 will even .
benefit more from power factor improvement
since the payback period is less than 1 year,

The fewindustries with powerfactors greater
than 0.9 will still benefit from further powertactor
improvement but the payback period is rela-
tively high.

Fig 2 shows that the percentage savings in
electricity bills incraases to 39 as the original
power faclor decreases from 0.91 to 0.37.

Fig 3 depicis the graph of the ratio of the
maximum demand to the power faclor versus
the annual cash savings in the electricity bill.
This shows a fairly linear relationship (with a
coefficient of correlation of 0.94), which can be
used to deduce a company's savings, once its
maximum demand and power factor are known,

Fig 3 shows that a number of industries are
losing millions of cedis annually through poor
power factors.

Analysis of the results indicatesthat what-
ever the initial power factor, 8 company will gain
significantly by installing capacitors to improve
upon the power-factor.

RECOMMENDATION AND
CONCLUSION

The accuracy of the above analysis de-
pends on the instruments and the meter read-
ers. It Is therofore recommended that meter
readers are well trained and that digital instru-
ments are used lo replace the old analogue
ones. [t will eventually pay off it faulty instru-
ments are replaced or re-calibrated. Thiscanbe
done only if a report is made on such instru-
ments and their replacements budgeted for.

" The country will save a iot on energy i

.capacitor banks are installed ia industfies to

imprave upon their power factor. The Electricity
Corporation of Ghana should take steps to ensure
thatindustries install such capacitoss, asthiswill
reduce the bills of both the industries as well as
the Eiectricity Corporation.

Further help on the acquisition of the right
size of capacitors required couk -be obtained
fromthe Department of Electrical and Electromc
Engineeting, U.S.T. Kuinasi.

In conclusion, this work has been able 10,
show the importance and savings inboth enargy
and costs cbtained by the installation of power
tactor correction equipment on industrial prem-
ises. [tisthus left to the industries concernedto-
take advantage of this analysis o save money
for themselves as well as for the nation. - -
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