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ABSTRACT

Electrical loads and facilities audits are carried out within the Federal
University of Agriculture, Abeokuta, Ogun Sate, Nigeria. Measurements of
consumption are taken for a period of five dayswith the aid of a clamp meter.
Monthly electric energy consumption data from January 2008 to February
2013 are also obtained from the Works and Services Department of the
University. Facilities audit reveals that the University has 20 functional
generatorswith a total capacity of 6130kVA and 22 transformers comprising
20 distribution transformersand 2 power transformers. The study shows that
load and facility audit isessential in carrying out load forecasting. Therefore,
energy storage should be incorporated to the power network to cater for
sudden increase in energy demand.
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INTRODUCTION

Anéelectricd ‘load” istherequired power for aclosed circuit system to befunctioning
(Chang, 2015). Therequired power for aclosed or functioning circuitistheelectrical
load. The electrical load for abuilding or facility may be represented by the total
current (1) measuredinampere (A). Current (1) istheflow of theelectrical chargefor
agiven time period (Chang, 2015). According to Chang (2015), load (L) isthe
power consumedinaclosed circuit system. The* averageload” isan averageval ue of
the power consumed inthe system during aspecifictime period. The* maximum load”
isthe maximum value of the energy consumed during the sametime period under al
conditions. The* demand load” istherequired power to satisfy an adequate operation
of adeviceor acircuit system (Guyer, 2010). Chang (2015) a so statesthat theelectrical
energy isthe capacity or strength of an €l ectrical system, such astheélectricdl circuits
or theeectrical devicesandthe* electrical power” istheinput to thissystem.
Nevertheless, there arefactorsthat influenceload calculations. Theseare
demand factor, coincidencefactor, diversity factor and load factor. Factorsfor load
caculaionsand andys's, according to Guyer (2010), refer to someequationsor ratios.
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Therefore, demand factor istheratio of the maximum demand |oad to thetotal load
connected. When the power input is connected to acircuit, whether the switchis
closed or open, the maximum demand |oad should waysbe equd or smaller thanthe
connected | oad because of asystem lossand various other reasons (Chang, 2015).
Mathematically, demand factor isca culated as.

Maximum Demand Load
Total Load Connected

While Guyer (2010) seesthe coincidencefactor astheratio of the maximum demand
of asystemn, or part under congderation, to thesum of theindividua maximum demands
of thesubdivisions, Chang (2015) seesit asthe maximum system demand divided by
the sum of individua maximum demand. Theequationfor theca culation of coincidence
factor accordingto Guyer (2010) isasfollows:

Demand Factor (DF) (Guyer, 2010)

Maximum System Demand
Sumof individua max imumdemands

Thediveraty factor isthe sum of individua maximum demands (nominator) divided by
the maximum system demand (denominator) (Chang 2015). Thus, the power planis
generdly moreeffectivefor agresater “ Diversity Factor” becausethevaueof nominator
isfixed but thevalue of denominator or the maximum system demand changeswith
different designsof the power plans. Thisiswhy Guyer (2010) statesthat thediversity
factor isthereciprocal of the coincidencefactor or

Coincidence Factor (CF) =

Sum of individual maximumdemands
Maximumsystem demand

Theload factor istheratio of the averageload over adesignated period of time, to the
maximum load occurring inthat period (Guyer 2010). L oad Factor istheratio of the
averageload to the maximum load (Chang 2015). The maximum load should occur
under the“Worst Case Load Event” (White, 2010). The averageload, according to
Chang (2015), should always be less than the maximum load. Guyer (2010)
hypothesi zesthe equation for the cal cul ation of load factor as:

Diversty Factor (DiF) =

Averageload

Maximumload

Hence, load audit becomes an important activity in which an organization wishesto
control energy and utility costs (Aiyedun, Adeyemi and Bolgji, 2008). A load auditis
aninspection and analysis of energy flow for efficiency inabuilding or systemto
reduce the amount of energy input into the system without negatively affecting the
outputs (Suresh, 2012). It assistsin eval uating energy consumption and provides
guidelineson how toimproveenergy efficiency. Power efficiency (E) isaratio of the
power output from an electrical system to the power input into the system (Chang
2015). Thereisa® systemloss’ frominput to output. The system lossfor abuilding,
whichisabout 6%, has been established (Rosenberg, 2011 ascited in Chang 2015).

Load Factor (LF)
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However, power efficiency isalwayslessthan 1 or below 100 percent (Chang 2015).
Hence, the connected load or therequired power for the circuit system hasto bemore
than the specified power input (Chang 2015).

Power supply isbecoming more complex asaresult of increasing population,
expansion, and improper planning by government and individuals. A devicewhich
utilizeselectrical energy iscalled aload (Suresh, 2012). Theload may beresistive,
inductive, capacitive or acombination of all (Suresh, 2012). These depend onthe
qualitiesand capacities of the devicesand equipment used. Based onthe purposefor
which electrical power isconsumed, theelectrical voltage of acircuit can be changed
from low to high and viceversa, through atransformer. Transformer isamachinery to
transform (change) el ectrica power fromonecircuit to another (Chang 2015). There
aredifferent types of transformers. Empirically, there are distribution and power
transformersin Federal University of Agriculture, Abeokuta, Ogun State, Nigeria.

Thecommontypesof eectrica power, according to Chang (2015), consist of
single-phase and three-phase circuits. Phaseisawave of aternating currentin a
sinusoidal form. Thistype of sinewave movesin aseries of 360° cycles (Chang,
2015). A singlephasecircuit hasonly onesine-wave, alternating current flow; whilea
three phase circuit consists of three, sine-wave, aternating current flows. Thethree
different waves are displaced in 120 degreesfrom each other (Chang, 2015). The
three phase power ismoreefficient and often usedin commercid andindudtrid facilities.
The single phase power hasalower voltage and is often used for domestic purposes

@ = BodR= IN@gg (Mg 20LS). | o

Hence, thisstudy isdesigned to evaluatethe Electrical Load. Inaddition, facility
audit and estimation of monthly energy consumptionin Federal University of Agriculture,
Abeokuta, Ogun State, Nigeriaare conducted. Theload audit was carried out round
thecampusfor 5 daysusing aclamp meter to measure the current on each phase (red,
blue, andyellow).

L oad Audit Calculation

Power (P) isaninput totheeectricd circuit or acircuit system. Itistherateof dectrica
energy deliveredtothecircuit system (Chang, 2015). Mathematically, P=VI1, or P=
IR2 (Cathey and Nasar, 1997). Power is expressed in the unit of watt (W). The
power demand for el ectrical componentsisgiven by equation (4):

S=1V @
©)
4
®)
Where
P = Real Power (watts)
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Q = Reactive Power

S = Complex Power or Apparent power

I = Measured Current (Amperes)

Vv = Voltage Supplied (volts). Voltageisthework that causesthe

current toflow. Itistherequired work to moveachargefrom
onepoint to another point of anelectrica circuit (Chang 2015).
The conversion of power in horse power (hp) to watt isdemonstrated ontable 1.

Table 1: Electric energy consumption by FUNAAB from January 2008-February
2013 (1hp =746 wett)

SIN Year Unit consumed Amount ($)  Amount (N)
(kwh)

1 2008 1271749 89,478.18 13,845,853.57
2 2009 1184742 51,512.03 7,970,971.52
3 2010 1798000 78,809.10 12,194,920.13
4 2011 1297030 85,719.26 13,264,198.29
5 2012 1726210 279,091.99  43,186,694.53
6 2013 430780 47,530.89 7,354,929.92
Total 7708511 632141.45 97,817,567.97

TheUSdollar to Nairarate of 154.74 was used as accessed on 04/04/13 from CBN
archive

Table2: Electricload demandin FUNAAB infivedays

SN Date Day Time Load (kw) KVA

1 22/03/13 1 12 noon-2.30 pm 1363 1704

2 25/03/13 2 12 noon-2.30 pm 1442 1802

3 26/03/13 3 12 noon-2.30 pm 1426 1783

4 27/03/13 4 12 noon-2.30 pm 1223 1529

5 28/03/13 5 12 noon-2.30 pm 1282 1603
Source: Fieldwork, 2014

Table 3: List of transformersand generatorsin FUNAAB

SN Equipment Rating (kVA) Type Qty.
1 Transformer 2000 Power transformer 1
2 Transformer 2500 Power transformer 1
3 Transformer 500 Distribution transformer 16
4 Transformer 300 Distribution transformer 4
5 Generator 1000 Low voltage 1
6 Generator 800 Low voltage 1
7 Generator 500 Low voltage 4
8 Generator 20 Low voltage 5
9 Generator 200 Low voltage 3
10 Generator 100 Low voltage 3
1 Generator &0 Low voltage 3
Source: Fieldwork, 2014
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Electric energy consumption by FUNAAB from
January 2008-Febrary 2013
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Figure1: Electric energy consumption by FU NAAB from January 2008 to February
2013
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Figure?2: Fivedayséectricload demandin FUNAAB
Electricity Network in Federal University of Agriculture, Abeokuta, Ogun Sate

Datain Federal University of Agriculture, Abeokuta, Ogun State show that 330kV is
supplied from the National grid to Ikejatransmission station in Lagos State. Ikgja
power station steps-down thevoltageto 132kV and transmitsto Papal anto substation
in Ogun State. The voltage of 132kV is transmitted from Papalanto to Ojeere
transmission station in Abeokutawhereit is stepped-down to 33kV. This33kV is
suppliedto the Federa University of Agriculture, Abeokuta, Ogun Statefrom Ojeere
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(FUNAAB feeder) and it is stepped-down to 11kV by a 2500k VA transformer at
FUNAAB power house. The University currently hasatotal of 20 generatorsas
shownin Table 3. Thedistribution transformers steps-down the 11 kV to 415V for
distribution acrossthe campus. However, according to information gathered from the
power house of the University, it waslearnt that the distribution network has suffered
overloading, erratic supply especialy when operating on generator(s) and from utility
providersdueto ageing of theequipment. It waslearnt that thishasresultedin massive
shedding of load and decentralization of generating station acrossthe campus. The
ratingsof the generatorscurrently availableintheUniversity aregivenin Table3. The
1000k VA generator provides415V but it is stepped-up by the 2000k VA transformer
at FUNAAB power house. Also, some collegeshave generatorsranging from 60kVA
to 500kVA in an attempt to decentralize the university’s power house supply. The
reasonsfor this, areerratic power supply, easy fault tracing, to prevent overloading of
generatorsat the power houseand specia programsadministration.

Cost of Energy Consumed

TheUniversity paid thefollowing amountsyearly to Power Holding Company of Nigeria
(PHCN), asindicatedin Table 1 from January 2008 to February 2013. The sum of
N13,845,853.57 ($89,478.18) was paid for 1271749kwh of energy consumed in
2008, whileN7,970,971.52 ($51,512.03) was paid for 1184742 kwh of energy
consumed in 2009 and the sum of ™N12,194,920.13 ($78,809.10) was paid for
1798000 kwh of energy consumed in 2010. Also paid wasthe sum of 713,264,198.29
($85,719.26) for 1297030 kwh of energy consumed in 2011 and \N43,186,694.53
($279,091.99) for 1726210 kwh of energy consumed in 2012. In 2013, the sum of
N7,354,929.92 ($47,530.89) was paid for 430780 kwh of energy consumed inthe
University campus. Thetotal amount paid for 7708511 kwh of energy consumed in
the University within 5 yearsand 2 months, from January and February of 2013, was
N97,817,567.97 ($632.141.45) (Table 1). The observed variation inthe cost may be
atributedtoirregular supply of power, increment intariff, faultsonthenetwork, Universty
breaksand strike. For instance, in July to October 2009, therewasASUU (Academic
Staff Union of NigeriaUniversties) strikeand likewisein November 2012 to January
2013. Fromtheload audit carried out, thefollowing resultswere obtained: 1363kw
(1704kVA), 1442kw (1802kVA), 1426kw (1783kVA), 1223kw (1529kVA) and
1282kw (1603kVA), thesewereindicated in Tables2 and Figure 2. It showsthat the
Federal University of Agriculture Abeokuta, Ogun State has atotal number of 22
functional transformers, one step-down transformer, one step-up transformer and 20
distribution transformersaswell as 20 functional low voltage generatorsasshownin
Table3.
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CONCLUDING REMARKS

Electrical loadsand facilitiesaudit was carried out with visitsto the avail ablefacility
locations, and measurementsweretaken withthehe p of Clamp meter. Someparameters
such asfrequency, ratings, and phase were observed and consumption for the period
of fivedayswere obtained. It wasdiscovered that thereare 20 functional low voltage
generators (6130kVA) that are under-utilized and 20 distributing transformers
(8200kVA), 1 step-up power transformer (2000kVA) and 1 step-down transformer
(2500kVA). Power Holding Company of Nigeria(PHCN) monthly energy consumption
by Federa University of Agriculture, Abeokuta, Ogun State was obtai ned from January
2008 to February 2013. The study showsthat electricity load and facility auditis
essential in carrying out load forecasting. Energy storage should beincorporated tothe
power network to cater for sudden increasein energy demand.
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