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Abstract 0 The purpose of this paper is to analyze the ex- electric bill cost, so that this consumer be able to remain
change of incandescent light bulbs by fluorescent ones and old compliant.
coolers by compact coolers class A Procel Stamped in Consumer  Gjven the large increase of nonlinear loads in distribution
Units with low income, who brings besides the increased energy network with the entry of CFLs, causing "pollution” of the
efficiency, positive impact on consumers lives. However, when power grid with harmonics due to the fact that they absorb
observing the effects of fluorescent lighting on electric power

the current does not have the same waveform voltage that

quality systems where they are applied, there is the appearance . :
of unwanted harmonic distortion on the network. This paper €€ds them, may cause several drawbacks like burning en-

examines the process of replacing the proposed system and veri-ginés or inadequate functioning of sensitive electronic

fies the impact on reducing energy consumption and power €quipment.

quality. Nowadays, in addition to the energy requirement of high
quality, there is now also increasing stringency to the loads

Key words O Electrical Efficiency, Power Quality, Re- connected to the electrical systems and how these impact

duced Active Power Consumption, Household Refrigera- negatively, once the presence of harmonics in the power sys-

tors, Lighting System, Retrofit. tem (as is domain area) results in increased losses related to
the transmission and distribution of electricity, creating prob-
|. INTRODUCTION lems of interference in communication systems and malfunc-

tioning piece of equipment connected to the network.

The project "Luz em Conta" (Cheap Power), developed byinternational standards for power quality, such as IEEE
REDE/CEMAT since 2004, performs the exchange of incaiy19, IEC 61000 and EN 50160 [1] - [2] - [3] - [4] - [5] - [6]
descent light bulbs by compact fluorescent lamps (CFLsgt limits for levels of distortion harmonic voltage with which
20W and old refrigerators by 300L Procel Stamped coolers tfe electrical systems can operate properly, and so new
underprivileged families. equipment does not go beyond certain values in the current

Those selected to be beneficiaries of the program receivinjgction.
new refrigerator and deliver the old one to REDE / CEMAT, Therefore, it becomes clear the need to solve problems as-
which gives orders for environmentally appropriate disposabciated by waveform distortion, both for new equipment as
of the appliance. for the already installed. In Brazil, the concern for power

As a result of this action, the families are benefited with guality is a real issue, considering the commitment of regula-
new and efficiently cooler with saves energy, while old maers (ANEEL), utilities and consumers. ANEEL through dis-
chines had high electricity consumption. The appliance reibution procedures (Prodist), published in December 2008
placement is free and aims to contribute to reducing the engrits module 8 [7] deals with the quality of electric power
gy consumption of these Consumer Units, impacting on resth respect to product and service nationwide. [8]-[9]
ducing the load curve at the peak of the electric system. From this perspective, the present work aims to study the

In addition to reducing electricity costs by replacing oflectrical efficiency in replacement of bulbs and coolers and
equipment in poor functioning by electrical appliances motgnalysis of power quality in low-income consumer units in
efficiently, a key goal of the program is to decrease the usettg state of Mato Grosso.
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The paper presents the results of electrical measuremerapacities of which were replaced by refrigerators PROCEL
performed focused on the environment and explores the stamped of 300L
sues related to the economy energy, demand reduction dFigure 2 illustrates the Average Total Active Power of an
active power at the peak and power quality. old refrigerator and a refrigerator Procel.

II. ENERGYEFFICIENCY

A. Consumer Profile and Equipment Used in Measuring 120

Avérage Active Power of a Conventional Cooler
115 A

\

Low income Consumer Units were assisted by the Project
in suburbs of the cities Barra do Gargas, Céaceres, Chapada
dos Guimaraes, Cuiaba, Guiratinga, Jangada, Juscimeira,
Poconé, Rondonépolis, Santo Antbnio do Leverger, Sinop,
Tangara da Serra and Varzea Grande, in the state of Mato
Grosso. Table | illustrates the load installed of the Lighting
System (Sl) and Refrigeration System (SR) before and after
the replacement process.
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Fig. 2. Comparison of Active Power Coolers Conventional type
TABLE |. LOAD OFLIGHTING SYSTEMSINSTALLED AND RE- ' .
FRIGERATION PROCESSBEFOREAND AFTER REPLACEMENT (Low Rate) with the type PROCEL 300 L (High Rate).
SIBefore SRBefore SIAfter SRAﬁer P . . .
Quantity (un.) 5112 1300 | 5112 1300 The limits to determine the savings of electric energy and
Average Power (W 100 112 22 94 Demand of Active Power were identified by measurements

on samples of around 80 bulbs before and after the replace-

The equipment used in order to record the electrical valu@nt, and from 50 refrigerators, before and after the replace-
and subsequently verify the performance of energy efficiendpent process. The sample size was based on a sampling plan
projects was the energy analyzer MARH-21 Manufacturélefined by NBR 5426, under level I.

(RMS) and the instrument used to measure the operating time
of the lamp was the Hourmeter. IIl. REDUCTIONOFANNUAL ELECTRICITY CON-

SUMPTION AND DEMAND FORACTIVE POWER
B. Replacement Lighting and Cooling System of Consumer ) _
Units In Consumer Units there were several incandescent 100W
bulbs, whose run time was obtained by measurements per-

The Lighting system inside of Consumer Units (UC’s) bdormed by the hour meter, as illustrated in Figure 3.
fore implantation of the replacement process consisted of
several sets of lighting. In this project were replaced basically
incandescent 100W lamps by 20W LFCs lamps.

Figure 1 illustrates the Average Total Active Power of a
100W incandescent and 20W fluorescent lamps with elec-
tronic ballast.

110 _
g 90 100W Lamps” p
5 80 ' . et ST .
3 Fig. 3. Hour meter registering the operating time of the incandescent
g lamp
g 60 ; ;
§ 50 = } } The following are the calculations of Electricity Consump-
40 5 - : tion and Demand Active Power, before and after replacement
i 20W fluorescent lamp . . . .
30 o with electronic balest . systems for lighting and refrigeration.
200 15 30 4IS 60 75 90 105 120

Time (min) A. Reduction of annual consumption of Elec-

tricity and Active Power Demands for lighting and cool-
Fig. 1. Comparison of Total Active Power 100W incandescent lamp  ing systems
with a 20W fluorescent lamp with electronic ballast.

_ . The total power (PT) installed in Consumer Units is given by
The Cooling System in UC's, before deployment procegs) and electricity consumption (CA) by (2):
electrical efficiency, consisted of old refrigerators in various PT = NxY 1)
=
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Where: Sl SR
PT; = Total Installed Power SysteinfKW);

RCA (KWhlyear) 574.185,¢ 495.144,00
N = Power measured for each set (W); RPT (kW) 398,74 23.40
¥ = Neof lamps or sets of lamps. C. Calculation of Total Annual Consumption Reduction in
CA = PTxT @) Electricity Demand
Where: The _Calculation of th_e reduction of total electric power con-
Ca, = Consumpton of e power sysem ST (SCATOD o e eeene
PT, = :I'otal Installed Power SysteinKW); lighting and cooling, expressed in (5).
y';;)r?ours of operation of each system (in hours in a RCArow = RCAy +RCA 5)

Table Il shows the electricity consumption (kWh / year) perThe calcu_lation of demand reduction of total active power
system, before and after the replacement process, consideffaf T 0tal) is performed by adding the power demand reduc-
that equipment work 30 days a month, twelve months a yea?.ons resulting from the replacement of the active systems of
lighting and cooling, expressed in (6).
TABLE Il. ELECTRICALENERGYCONSUMPTIONBY SYSTEM

BEFOREAND AFTER THE REPLACEMENT RPTrowm = RPTg + RPTsr (6)
SIBefore SRBefore SIAfter SRAfter
Pti (kW) 511,20 145,60 112,46 122,20

Table IV presents the Reducing Total Annual Electricity
CA (kwh/year 736.128,00 891.072,09 161.942,40 395.928,00  consymption and Demand Active Power, where we can see
T (hours) 04 17 04 09

great potential for Energy Efficiency in Low-Income Con-
Sumer Units.

B. Calculation of Annual Consumption Reduction (RCA)

Electricity and Active Power Demand (RPT) TABLE IV. REDUCTIONOFTOTAL CONSUMPTIONOF

. N , ELECTRICITY
The calculation of the reduction in annual consumption of AND DEMAND REDUCTIONOEACTIVE POWER
electricity was conducted through (3): RCArom (KWhiyear) 1.069.329.60
RPT (kW) 422,14
RCA = CAgctore - CAuter (3) =
Where: D. Analysis of the electricity bill of a Consumer Unit after
P . . the replacement process
RCA, is the reduction of energy consumption due to P P o - )
the replacement of the systém Figure 4 shows the historical electricity consumption of
CAgerore S the electricity consumption before the re_Consumer Unit number 10247675 assisted on this energy
placement process; efficiency project design, where there were three 100 W in-
CAnter is the consumption of electricity after the re_candescent lamps replaced by three CFLs of 20 W and an old
placement process refrigerator replaced by a refrigerator PROCEL stamped in

the month of December 2009, and has already result in the
The calculation of demand reduction of active power wdronths of January and February 2010 a significant reduction

accomplished through (4): of energy consumption.
RPTi = PTaefore — PTatter (4) Historical Electricity Consumption - KWWh
Where: UC: 10247675 - Pedra Noventa - Cuiaba-MT
RPT; is the reduction of active power demand due to 250 o
the replacement systeim 5176
PTgefore IS the active power before the replacement
process;

PTaner is the active power after replacement process.

Table Il presents the Reduction of Energy Consumption
(kwWh / year) and Active Power Demand Reduction (KW) per
set due to the replacement process.

TABLE Ill. REDUCTIONOFELECTRICALENERGYONSUMPTION  Fig. 4. Electricity Consumption of UC answered by Project of Ener-
AND DEMAND REDUCTIONOFACTIVE POWER gy Efficiency.
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This reduction in energy consumption was recorded on theFig. 5. Diagram of the fundamental voltages and its direction of
invoice provided by the reduction of lighting systems and rotation.
cooling electricity consumption after replacing incandescent
bulbs by CFLs and old refrigerators and freezers withIn the case of the third harmonic (16) to (23) illustrate the
PROCEL respectively, with the implementation of Projeohathematical development to voltage while Figure 6 shows

Efficiency energy in Consumer Units. the performance on trigonometric circle.

or V3o(t)=V3ansin 3(t) (10)
IV. ANALYSIS OFENERGYQUALITY e .

Ve N\ V3{t)=V3zansin (3ot) (11)
A. Conceptualization and classification of harmonics i gV 3AD=VarSin 301207 (12)
Voltage or current signals in the presence of harmonics | P Va(t)=Vapnsin (t-360°)  (13)
present periodic behavior. These signals have, in addition to // V 35(t)=V3pnSin (3ot) (14)
fundamental frequency, integer multiples of this frequency, “\_;7;;/’ Vadt)=Va,sin 3t+120 )  (15)
so the waveform presents deformable in relation to a purely V)=V aemsin (3ot+360°)  (16)
sinusoidal signal. Vat)=Vaersin (3ot) (17)

Harmonics can be classified according to their order or fre-
quency and sequence of phases, as the example of Table V.
Fig. 6. Diagram of zero sequence harmonic voltages.
TABLE V. HARMONIC ORDERORFREQUENCY

Order Frequency (Hz) Sequence The expressions (16) to (23) indicate that, for the case of
12 60 + the third order, the three voltages are in phase, being known
32 180 0 as zero sequence harmonic voltages.
?: 43208 + Equations (24) to (33) show the mathematical development

for the 5th harmonic, and Figure 7 illustrates the behavior for
sequence of phases thereof.

It can be seen in Table V that the harmonics have positi%e

(+), negative (-) and zero (0) sequence. Equations (7), (8) and Vso(£)=VsanSin 5(t) (18)
(9) monitoring the source of phase sequence. However, by Vs4(t)=Vsansin (5ot) (19)
not having characteristic presence in electrical systems, the o V so()=Vsprsin 5t-1200 (20)
even order harmonics are not addressed in this paper. Analyzs /\;Sc N 0=Ve. sin (5ot 6000: 21
ing (7), (8) and (9), it is observed that the phase sequence p’f \\\ V()= 5b”§fn( : R . (21)
harmonics directly depends on its order: ot ysaloe V5o(t)=VsonSin[S0t-(360°+120°)] (22)
_ . \ :PW’ Vsp(t)=VepnSin (5wt+120°) (23)

Vna(t)—VnanSI-n m(x)t) (1) \\\ (. /,’ V5c(t):V5cmSin 5@)’[+120°) (24}
Var()=VnpnSin neot-120°) (@) 2RI T Ved)=Veesin (Gut+60C) (25)
Vae(t)=VenSin N(t+120°) 3) Vs(t)=Vsersin[5ot-(360°+120°)] (26)
Vs(t)=VserSin (5wt+120°) (27)

Where n is the harmonic ordema(t) vnb(t) vnc(t) and
Vnam Vnbm Vncmrepresent, respectively, the instantaneous
values of the voltages and maximum values of the fundameffig. 7. Diagram of negative sequence voltage harmonics and their
tal and harmonic voltages in phases A, B and C. direction of rotation.

Equations (10) through (15) describe the mathematical
model to the fundamental frequency voltages, and Figureoﬁ
illustrates, on the trigonometric circle, the phase sequence

n the case of the fifth harmonic, as illustrated in Figure 7,
e can observe that the three voltages are 120 ° out of phase
aRd direction of rotation of the phasors is contrary to the fun-

the same. damental, thus known as harmonic voltages of negative se-
guence.
e _ . Finally, (34) to (43) shows the mathematical development
- Vig(1)=V1ansSin Aot
200K ve 1oV lams- (@9 (4) to the 7th harmonic, and Figure 8 shows the behavior in the
/ Vi)=V1arSin (1) () trigonometric circle.
ol Vip(t)=Viprsin 1(t-120°) (6)
\ Vip(t)=VipnSin (@t-120°) (7
A Vid)=Viensin 16t+120°)  (8)
- Vidt)=Viersin (t+120°) )
270°
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Vit)=V7ansin 7 (ot) (28)

' V7=V arsin (ot (29)
s | T VD= Vaunsin 71200 (30)
N V)=V apesin (Tt-840° (31)

vale o ()=Vpnsin[7ot-(2x360°+120° (32)
/1 V®)=Vapsin (Tot-120° (33)
@] )= Vrensin Tt+120%) (34)

VrD=Vrarsin (Tot+84C) (35)
VdD=V rerSin[Tot+(2Xx360+120°) (36)
VdD)=Versin (Tot+120) 37)

Fig.10 Measurement Scheme Incandescent Lamps.

Fig. 8. Diagram of positive sequence harmonic voltages and their Thus, for a simplified analysis, we compared the results

As i th . diredior.‘t"f rOtagon' that the th ygotained with the fluorescent lamp of incandescent lamp,
S In he previous case, it can be seen that the three Vollagh, < \yaveforms are shown in Figures 11 and 12.

es are 120 ° out of phase, however, in this case the direction
of rotation coincides with the fundamental voltage, i.e. the 15
direction of rotation counterclockwise, known as harmonic

components positive voltage phase sequence.

The mathematical proofs of other harmonics, i.e., 9 th, 11 208 \f \’
th, 13 th, 15 th, 17 th, 19 th, 21 th, 23 th and 25 th are analo- . W "\
gous to the previous ones, since they alternate the sequences g | M M

[&]

zero, negative and positive.

f o
=N o
—
S

B. Currents measures in incandescent and fluorescent

bu I bS . -1'=0 0.04 0.08 0.12 0.16 0.2 0.24 0.28 0.32
. . . . Time (ms)
To analyze the impact of replacing incandescent light bulbs

by fluorescent in power quality tests and comparisons welgg. 11. Current Waveform required by a compact fluorescent lamp

performed in the laboratory with the two types of technology. 20W.
Initially were monitored in laboratory electrical currents re-

quired by bus phase fluorescent lamps with electronic ballast 15

with the aim of verifying the quality of electricity. The lamps .

used in the test were the same used in the replacement pro- ' \

cess on this energy efficiency project. Figure 9 depicts the

scheme used to check experimental measurement of the char-
acteristics of the electrical current requested bus by this new
technology.

3Currjnt (1‘\:)
//
\\
//
\\

N/ /

- () 0.04 0.08 0.12 0.16 0.2 0.24 0.28 0.32
Time (ms)

Fig. 12. Current Waveform requested by an incandescent lamp
20 W.

By inspection of Figures 11 and 12, it is clear that the cur-
rent signal applied by the bus fluorescent lamp has a high
harmonic distortion relative to the current signal of the incan-
descent lamp, which can be best observed in the spectra illus-
trated in Figure harmonics 13.

The graph shown in figure 13, shows that the difference
between the characteristic fluorescent lamps used in the assay
After the measurements of fluorescent lights, broke for thelative to incandescent, when it comes to quality of electrical
second part which was monitoring the incandescent bulb. Tbﬂergy, is considerably high because the fluorescent lamp
measurement scheme is shown in Figure 10. Incandescgiiinped large amounts of harmonic distortion in system,
lamps used for the tests, the same substituted by this eneggMsing the current waveform lost its characteristic having a
efficiency project, had nominal power of 100W. sinusoidal current value of DHT around 110.43% as shown in

Table VI.

Energy Analyser

Fig. 8. Scheme measuring Fluorescent Lamp.

https://doi.org/10.24084/repqj11.486 916 RE&PQJ, Vol.1, No.11, March 2013



NBR 5426 inspection regime with level I.
achieved through the campaigns of field measurements show
that, with respect to active power consumption and demand
of active power, the gains were quite significant with the im-
plementation of the Energy Efficiency Project.

As for
experimental tests carried out in laboratories on several lamps
LFCs, show a high harmonic spectrum for currents required
by this new technology. The effects of current distortion,
besides adversely affect the values of the electrical and the
consequent burden on drivers and equipment, may also affect

(66Hz; 6,31A);

}.(180Hz: 0,23A
(300Hz;
(4

0,15,
0Hz;;

00HzZ; 0,01A)

A)

; 0,08
Hz; 0,
(1380Hz;
0,0

1 3 5§ 7 9
Harmonic Order

M1 13 15 17 19 21 23 25

the

The results

power quality, the results obtained from

proper operation of protective devices, which can act due

Fig. 13. Harmonic spectrum of current required by the fluorescent0 increments of peak or rms values of these quantities. From

lamp. the

foregoing, it is understood that should be adopted

mitigation techniques for this type of disturbance. One of the

TABLE VI.INDIVIDUAL AND TOTAL HARMONIC DISTORTION

most common methods of solving the problem is to use

CURRENT harmonic filters, which can be installed next to the “source”
Harmonic Harmonic Distortion pollutants (or inside them). Since knowledge of these
Order DHIi (%) DHTi (%) disturbances present in electrical systems requires special
3 7601 attention and should be taken preventive measures, thereby
5a a7 '54 ensuring safe projects, avoiding risk situations for users and
7a 3793 equipment.
9a 36,56
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