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Abstract

Due 1o the conrinuous incremental usege of clectric enerpy in Hebron distnel for
bayond values than thal of other places in the west bank. it 1s censidered 10 be a
national objoctive from the highest prionty to conserve this energy and use il as

wisely as possible to achieve the common welfare.

This scheme manipulates the previous problem of incremental demand, and low
power factor for indvstrial plants through congiderations and practical 1ssues, starting
with data collection and walk-through surveys for houses and industrial plants o
whole the district. dstermination of the larpeied equipments that cause the problem,
determination the core of the problem, data analysis and engineering calculabons
with curves and graphs to make the siudy more convenlent 1o be established, and
finally r.lnwi-:lif:;.;{ advices to include the responsibility of personnel. and suggestions

of practica] eircuits for achieving the previous arget in all aspects of the datly hife,
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1.1 Intreduction

Electrical enersy has become the most important part of human lifc aspeets. It
srovides comforl 1o every side of Lift, lighting, conditioning, indusirial

spplications, medical care, even the life of human itself.

Eleetrical cncroy effect has taken s place sincs the twenly first of October
=ighteen seventy nine, when the firsr idea of lighting the world had been a real
tine; the first lamp was invented by Edison and the life had its special eyes.

A few vears later. clectrical energy affocted all Hfe sides, and became the most
smportant, appreciated, valuable phenomenan. Stmply. il is appeared to be not only
the spirit of the human beings life, but also the spirit of all creatures’ life,

Now, electrical enérgy is as impuortant as water or air, and no one van ignore its
effects gnd wide applications, in factories. homes, sweels, everywhere on earth,
even on moon, in space stations. Elootrical energy now is the soul of any
s=plication thar eould be imagined, end the last century is the most real, ohvinus,

a=d strongest evidencs on those facts.

Evervwhere, there are very large amounts of losses in electrical energy. The more
ctical problem is the high rates of consurnption. and the lack of information dboul
“ectrical encrgy saving technigues. In Palestine the problem is swid Lo have its
smportance from the fact that all Palestinian municipslities and electricity
cempamies provide their customers with larpe amount of electricity by buyving it
& the company of electricity of Israel. For this reason, the problem of obtaining
wecemeity s said 1o be so complicated and dependent,

Puecnnian temizories are dependent of Iszacli electricity suppliess. [n Hibror,
Seceicuty has its privacy; sinee it is the largest industrial region 1 whole Palestine.



This leads everyone to pay attention to the problem of electrical consumption, and
It all specialists and electrical engineers find their way to put rutes for elsctrical
snergy saving, and seek for new techniques to realize this objective.

From the all forgoing, clectrical ¢énergy saving is important for Palestinian
territorics, especially Hebron governorate, and this will heln Palestinian ceanamy

1o improve and develop,
1.2 Literature review

» The first two researchers are engaged now on a sponsored project {final
stage) sponsored by AED (lotal amount of $13000), entitled * Design of
wind energy station”, for further details see the site; hitp://pesp.opu.cdu/.
{two publications have been [ormed).

* The first researcher worked a sponsored project sponsored by AUL (tatal
amount of § 7500). entitied “design of two — phase brushless motor with
asymmetrical megnetizaion”, for  further details, see he site
hip:/fpesp.ppu.edw’. (One publication has been formed),

13 Overview

“eveon. the most populated eity in Palestinian territories, the center of ebron
& wemorate, the most populated of all Palestinian govermorates too, locaied in the
weshem part of West Bank, 36 kilometers to the south of Jerusalem, embosom al]
7= of industry and have the largest number of factories and industrial plants.




FIGURE 1.1 Hebron governorate

Seteon governorate is the most industrial multifanious zone in Palestine. When
wwemg Hebron, a very large number of industrics will be watched Marble
sesetactonies and quarries are wide-spreading. Also nylon and plastic industry is
e of the most important industries in Lhis region.

Some other industries are wide-spreading loo, bul not as important as the previous
swo ones These industries are not only existed to cover the necessity of the
Fuestinian local market, but also some cargo like shoes, leather, sponge bedplates,
Wt cartoon can be exported ta neighboring countries.

The laree number of factories in Hebron governorate causes a very large amount of
sessumption in elecincal encrgy. The invoices of electricity of most of these
Swsories and industrial plants are relatively very high, which leads to the fact that
Whese indusirial plants consume clectrical energy in very high rates. Moreover, a
“wee number of these factories do nol apply the techniques of Power Factor
U urection, tzking into account the bad idea about the new techniques of lighting.




Loplving the techniques ol elecirical energy saving can help this governorate to
Sevelop and go on, Otherwise, it will be a serious problem for the next 50 years,

winch no one can imaginge what will happen after

—

Caonuumption . MVA

R P e e R e

ma E

= (-]
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FIGURE 1.2 IlListoty and expected rates of total apparent power consumption in
MVA unit’s in Hebron district between the years 1937 2016

1.4 Problem description

Sectncal energy saving has become as mmportant as the search for alternative

power resources, this importance anses ffom the fact that elecincal energy is used

= 21l life aspects.

g




In Hebron, the raies of power consumption reach a level higher than Lhe rales
some regions, and it is the highest in Palestne. So, it 1s mportant 1o work on the

eneryy saving methods m one of the most important industrial zones in Palestine.

Power factor correction is considered o he the most important objecuve of this
rescarch; because it will be helplul o achieving energy saving for power and
squipments. moreover, there are many approaches like using condensers and

symchronous motors, which will help in clectrical energy saving

in this research, the team will conduct a survey on the industrial instinzions in
Hebron, through distributing guestionnaires and conducting ficld visits to factories
and homes

The purpose of this research is to find oul facts about the status of the elecincal
energy consumplion, and then work on solving the problems in the best way we

can.
1.5 lmportance of the project

According to its wide and important applications, clectrical cnergy 1s set to be the
Srst of all energy resourcss W deal with. In other words, it is important 10 find

solutions for cleetrical energy serious problems.

Electrical encrgy consumption is one of the most eritical and serious prohlems
siectrical engineers have ever faced; due to the importance of elecincal energy on
2 hand. and to the high rates of consumption on the other hand.

Moreover, cleetrical enhetpy cost i= not low, All counimes &l over the wozld

seoduce electricity themselves, but in Palestine; we buy our amounts from lsrael,
Yy

2 that makes electrical cnergy cost higher than if we produce it oursclves,




Ue e other side, Palestine can not ensure electrical encrgy supply forever,
Secwsse of political situation and other accounts, I other words, lsracl, the
Ses=—ser, has another way to practice pressure on Palestnians, to Jead their
SEsEton 10 @ WOTSC case.

Peducing our own electrivity scems o be very difficult. So, now it is very
Sewrant -as enpincers- to find our way to save the available elecincal encrgy, and
wee what new technologies are useful and how Lo improve old technologies to be

e Scent and helpful in electrical energy saving.

1%  Project schedule

Th.s project passed thirteen suceessful stapes facing many problems dunng work
& stown in table {1.1).

Table 1.1 Project fime-schedule
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e

scting and conducting previous studies and Lileratures were the first two

== which started carly and passed within eight weeks. Here, resourees.
Se=steres, and researches were carefully studied, discussed, and analyzed,

Seme survey then took a place as the third step. and started just aller finishing
salecung and analyzing data. Our team evenly distnbuted w cover the whole

S=w=ed arca. Despite it was not & very large sample, it perfectlyv described the real

Wesstion in Hebron district, and surveys diflerent Jevels of Tife.

Semever. the most important part of this project was the survey of the ndustrial
s and homes in Hebron wovemorate, through distributing questionnaires,
WECh was our way Lo get the needed information.

S survey and questionnaire resulis need to ba analvzed using suitable software
smeErams and theoretical datu and equations. On the other hand suggested eircuits
W cloments are to be implemented and simulated through other enginsering

SSware programs, and making tests on the implemented circuits (o get the desired
s=suie

Sally, writing the documentation of the research. this has been divided within a
" scademic year, then with some editions 2nd modifications 10 appear in its final

Suse.




The cost of the project

‘Table 1.2 Cost of the project

380.00
JOTS 290,00
mications 100.00

Be=wal Cironits (Not exact) §90.00

cemtents and description

srect has three main phases to work on; each one is described solely in a
chapier. For instance, the field work and survev deserves a chzpter o be

2 m a comprehensive form, and so are the other ideas and applications.
chanters construct all chaplers of the final report. and they will be reviewed

1: where in we are now, discusses the whole project in peneral,

semenis and topics distribution.

s 2. guestionnaire and survey analysis and resulls. Describes analveng of
wnaire and home survey results, taking info account the equations and
izl backpround of calculating the consumption amounts of electrical
= thep making comparison between these theorctical analysis results and

Bemaire Tesulis,




CBanier 3: energy saving, The different technologies for many applications are to
e mentioned i this chapter. The discussion will go through every side of life. For
mstance, lighting, air conditioning, heating. .., ste.

Chapter 4: Power Factor and power factor correction. Deseribes (he idea of Power
Factor Correction (PFC) in energy saving. Because it is very important for
=fustnial gpplications, (heoretical eguations and praclical implementation for
W FFC) techniques arc mentioned and anzlyzed.

Chapter 50 Proposed practical design. Ninsrates the desivning entenia and
“mplementation of a single phase Boost PFC eireuit. three phase Boost PFC circuit,
= = single phase AC Buck-Boost voltage regulator.

Chapter 6: Tests and results, Describes the practical circuits hehaviors, compared
W the theoretical results achieved by simulztion and matkematical analysis. with
s==ut= and conclusions as they were found.




C HAPTER TWO
QUESTIONNAIRE AND SURVEY
Introduction

History of electrical consumption in Hebron distriet

Questionnaire. results and analvsis

S B U E

Home survey
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21 Introduction

& order o give 2 real estimation for the situation of energy consumption in Hebron
eeemoraic. o scientific analysis for the guestionnaire and home survey resulis

eeved by working group during ficld visits must be done.

e more vou analyze, the more accuracy vou get for your results, this is the rule.

S0 %0 sccomplish this part, one or more suitable software progrums must be chosen
W smmeve the desired analysis.

Sacel the engineering and mathematician software will be helpful, according to its
s possibilities. SPSS also gives a hand in this analysis. 1L 18 an accountancy
e e that uses probability and statistics cquations to analyze results and give a
e assumption and anticipation.

e S other hand, the history of electrical energy consumption will give a wvery
et background ahout the real fact before many years. It is not considered to
e omly al 2 discussion of the results taken about consumprion rates in Hebron; on

comtrary, these results are to be analyzed carefully.

== this is the first time to go on such & survey by the students. in which, an
“tensive questiomnaire was distributed and covered a large area in Hebron
s=omate. This questionnaire was carefully analyzed, so that, a lot of facts zbour
sssntion of electrical energy consumption and electrical energy saving in Hebroa
= has to be clear.




22  History of electrical eonsumption in Hebron district

coording {0 Hebron mumicipality, Hebron distriet has three main substations for
“eorical disrribution. Al-Fahs Substation, Abu Avyash Substation and Al-Haryeq
Seketation. However, these substations are distributed in varicus loestions in the

se=on to achieve electrical distribution to dillerent arees.

=% area has o number of facilities, some may close, others nmay be established. and
% there may be variable consumption rates up 10 & point. However usually the case

= zadually incrementing.

D on daily and annually clectrical consumplion, average Power Factor and
serspe electric lanff were collected by Hebron municipality between 2002 and
2007 Those data were munipulated and analyzed individually to get the required
ceiculations: apalysis and graphs, Data and valves are amanged in the following

Tusie 21 illustrates data including power consumption, power factor and tariff for
A% Fah= substation.
Table 2.1 Al-Fehs Substalion electricity consumption for the years 2002 — 2007

T 19636400 112046 09062 | 27.8416]

BSee | 41225280

B S 431855760 21227520 114673 0.8a09 24,01
) 2004 46713440 23157600 126612 0,8052 | 31.43832
oS ST668880 22770000 | 157997 09200 | 34.87083
sz-s 52078800 17682000 145147 ) 0.5433 3402667
:L:*'.i*' | 57822720 17504060 158418 | 0.9377 32.92




See 2 | compares between (he annual active and reactive power consumptions for
S ahe Substation in Giga units for the years 2002 — 2007

2008 2063 2 20005 2006 2007
Year

FIGURE 2.1 Al-Fahs Substation Active and Reactive Power Consumptions per year

% @ is clear in fipure 2 1, that the raté of active power consumplion increases

sadually, whereas; teachive power fluctuates between increase and decrease.

Tusle 22 containg data including power consumption, puwer factor and tarifl’ Lo
A Ayyash substation.



88947600

38325120

243692

0.9147

Table 2.2 Abu Avvash Substation electricity consumption for the years 2002-2007

127.881G67

08262720

23988240

269213

(.97

26,61 1667

117964080

24273600

323188

0.9763

31.43%333

129850800

15471840

55756

0.2871

31.978353

121868400

19160160

333886

{9872

25256667 |

| 53558720

17523840

420709

0.9936

33292

Selowing, Figure 2.2 compares belween the annual sctive and reactive power

Sesumptions for Abu Ayyash Substation in Giga units for the vears 2002 =2007.

100

consumplion gy i e

L B OV ARhyes |

202 003 2004 2005 2008 2007

Year

FIGURE 2.2 Abu Avvash Substation Active and Reactive Power Consumptions per

Wedar




8 =oted that the rate of active power consumption increases gradually, whereas:

SNe power consumption decreases, both with slight fluctuations due to some

“=cal and environmental circumstinces,
Table 3 comtains dala including power consumption, power factor and tariff for Al
S=aveq substation.

Table 2.3 Al-Haravey Substation electricity consumption for the vears 2002 - 2007

002 | 35451000 | 6873RAD o7 e 09822 | 27.84167
2003 34166760 i. G720840 93608 0.9812 I. 2657917
2004 33248160 [ 6171540 | S10%1 0.8832 3143833 |
2003 33248160 6171840 91091 0.9832  [31.978332
e 33248160 6171340 81091 0.9832 [ 2525667
- 2007 33245160 6171840 91051 0.9832 292

“izure 2.3 compares between the annual active and reactive power consumptions for
A-Harayeq Substation in Giga units for the years 2002 — 2007,

16




1 [ B GWheyear
B GVARK Y

Mid kS s 200
Year

=

(F 2.3 Al-Harayeq Substation Active and Reactive Power Consumptions per

yedr

e previous graph (Figure 2.3), it 15 noted that both active and reaclive power
stion decreases between Lhe vears 2002-2003 and then goes at a constant rate
== the vears 2004-2007, due to some problems ol consumption reading meters

2 4 contains data including power consumption, power [actor and tariff for
Febron substations.




Tabde 2.4 Total Hehron Substations electricity consumption for the years 2002 -

165623880

64845360

2007

433764

09544

27.84187

174285240

51936600

477494

197425680

53603040

540892

09474

274

(09526

31.43833

220767240

47413680

2309870520

604844

U.9664

329425

43014000

570124

09712

2818

241629600

410006540

670218

09782

iz92

Sllowing figure (Figure 2.4) compares between the total annual active and
=we power consumptions tor Hebron district in Giga units [or the years 2002

(= REn s T Bl
B GVARR vear

006 207

2004 2008

3. 20

Y oar

FIGURE 2.4 Total Hebron Active and Reactive Power Consumptions per year




srevious graph illusirales an increase in active power consumption against a

= i reactive power consumplion.

= 3 next, comparcs between the daily active and reactive power consumptions

A-Fabs, Abu Ayvash and Al-Harayeq Substations in Mega units for the yCars
= 2007, conducted from the previous tahles

W . I

— 280

o BF : . = B tu,-r-u]u |
Elgn mml mm= : i it Ay il
e .- I : . r 3 O Al-Haraveq ‘
st i y 1 I i

(14 -
203002 20K 2NN FOOS  Z006 0y

Year

FIGURE 2.5 Daily consutption of Al-Fahs, Abu Ayvash & Al-Harayeq

Swwre above appears that both Al-Fahs and Aby Ayyash daily active power

PHon is increasing, whereas, (he consumption of Al-Haraveq is almost

== appears the total daily active power consumption of Hebron district
= the years 2002-2007, Sce Figure 2.6 below.



FIGURE 2.6 Total Hebron Active Pawer Consumption per day

=7 compares berween the average Power Factor of the three previously

somed substations, and Figure 2.8 shows the total average Power Faclor of
O governorate.

Maaiaas |

| AbuAyyazh

O Al-Flarayveny

001 03 004 NS 2006 20

Year

[
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SSGURE 2.7 Comparison of Al-Fahs, Abu Ayyash & Al-Harayey Power Facrors
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2003 Zond 2005 2006

Year

RE 2.8 Average [Tehron Substations Power Faclor for the years 2002 — 2007

Sowm Figure 2.7 and Figure 28, generally it is concluded that Power Faclor is
g proportionally with the vear, taking in consideration some shight

sud variations of Al-Fahs substation due o certain issues.

Furs 29 compares between the average Electric Tariff af the three previously
woned substations, and Figure 2.8 shows the total average Tarff of Tlebron

- TariTNI5/100 " B ALFAS
] WA Avvash
[0 Al-Haaveq

mid 3p0s 2006 2007

I‘I'III.'. inr

'RE 2.9 Comparison of Al-Fahs, Abu Ayyash & Al-Harayeq Flectric Tariffs
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Year

FIGURE 2.10 Average Hebron Substations Electric Tanfls per EWh

S the previous two figures, it is noticed that the rate of clectric tariff always
Seeuate unstable and unexpected, due to the political considerations at the first
el because, Lhe clectricity consumed in Hebron like other areas of west bank. is
Swscally provided by the Israeli company of electricity, which in tum determines the

of each consumed KWh of eneray to serve their wellare ignoring the bad
eemomical situation of the people of Palestine.

%o all previous, the following issues are concluded

e wsual case of all electrical consumption of active power is increasing gradually

e the time, whereas; reaclive power consumption is decreasing,

S Al-Harayeq substation, it is noticed that there are constant rates of consumption
s revising the data available, referring to Hebron municipality: the reason was
shose data are estimated and they are not the aclual data, because the meters m
srea are almost damaped and meflective.




==l case of average Power Factor 15 increasing gradually by the time Rates of

< tanffs bave no stable manner and always flucruate with the time.

§ sanations and unexpected values of electriciny rates refor Lo voe or more of the
Mg ressons!

= The political situation.

increment in loads at some peried of time 1o unexpected rates.
= Bad economical sitartions.

Human und machine error when taking the readings of electrical power
consumption.

Natural and cnvironmental circumstances at a certain period of time.

Questionmaire

Sisimbuted questionnaire consists of four parts. The first part aims to have the
sumber of indusmial plants thar use power factor correction technigue, and to
= general ides about how this technique is useful.

second part aimed to figure out the effect of the use of power factar correction
“gue on electrical energy consumption, and to achieve the real values of the

= factor before and after clioosing the corroction technology.

pes of used motors in industrial plants were the third target, so that the third
= of the guestionnaire was founded. Also the aversge power factor of these

especially induction ¢nes was an important objective.

semng, itz types, standards, and the ability of the industrial institutions to use the

nghting technologies were the reasons for which the fourth pact, Lghting, was




=% So lighting is really causing a big problem for those who are not taking care
=r bgnnng devices and ignore the new saving lechnologies of lighting,

Partitions of surveyved plants

sswsa! panition: Hebron district was divided into three main regions, middle, north
B ot o cover the whole distret factories and industrial plants. However, a

== sample for one region was In respect with 10s stze.

v type partition; Hebron governorale contains a lot of differeal types of
=%. S0 when choosing our sample of factories, this pamition wes taken into

= if the industry 15 heavy or light.

Analysis of yuestivnnaire results
FPart onc

o pert includes 13 important questions, the most important one was the first, do
wse PRC 1echnique? The answers were as follows:
e 63% only of the whole Hebron district industrial plants use the technique

swmpensating capacitors, whereos 37% do not. Figure 2.11 shows these results.




do you use PFC technelogy?

FIGURE 2.11 (Questionnaire) percentage use of PFC, Q1 - Part |

s that the highest percentage of users was in the southern part. and reached
o total factories there, where it was 70% in north of Hebron, The least
aee was in the middle of the district.

Sther important question in this part was about the benefit after using this
3 comparing with its cost. 69% of the mddle region see that 1he benefit was
=swing This is a real disaster, and the benefit will not take a place until the

read Lhe reactive and apparent power [igure 2 12 illustrates the results of this




how much was the benefit of using PFC?
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FRGLRE 2.12 (Questionnaire) percentage values of answers of Q 5 - Part |
a=2 Part two

w s==ond part of the questionnaire was about the electrical energy consumption in
s rewions of Hebron district, middle, north and south of Hebron.

g = table 2 5 are the results of the middle ol Hebron for factories and industrial
that already have the power [actor correctian technigue.

sesniis of the 12-factory sample illustrated in table 2.5 are analyzed using Fxcel
Here is the diagram.



=5 Values of PF, kWh per month and apparent power for middle of Hebron

89473 68421

113333.3333

152173913

1647058824

4040, 40404

65217.3913 |

5000
S0000

27173 91304

38461 53844

216979, 1667

2777333333

5376 344086

6410 25641

16666.6666T

19230 76923

17634 4086

27659 57447

21025 64103
izson

10638.29787

13333 33333

100040

11923 07692

250000

analyzed results of table 2.5 for middle
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FIGURE 2.13 Analyzed results of table 2 5

correction




power will decrease.

SSerecnion techniguics.

Wable26 Volues of PF, K'Wh per month anid apparent pawer for north of Hebron

that when using the power factor correctivn, Lhe comsumption of the

e 26 and 2.7 list the resulis tzken from the north and south of Iebron.

s Besults also deseribe the consumption for those factories use power

063 0.94 F2 40000 | 42555.19149 | 61538,46154
0.76 0.95 F3 80000 | 84210.52632 | 105263.1570
0.78 .95 4 30000 | 31378.94737 | 3846153846
063 0,95 T5 20000 | 21052.63158 | 30769.23077
0.75 0.04 F6 20000 | 2127659574 | 26666.66667
0.65 0.93 ¥7 600D | 64516.12003

92307.69231

% go to the same conclusion.

analysis of these results is illustrated in figare 2.14 and 2. 15. respectively, which




analyzed results of table 2.6 for north

‘IEﬂGW
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=
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FIGURE 2.14 Analyzed results of table 2.6

2.7 Values of PI', kWh per month and apparent power for south of Hebron

9568 421053
147.3684211 |

| 2085 71429
175

8421 052652

10666 66667

14736.84211

200080




St Bere is the diagram of illustrated resuits for table 2.7

analyzed results of table 2.7 for south |

» Without
comection

» With I
comection

Fz F3
factories

FIGURE 2.15 Analvzed results of table 2.7

e previous analysis, here are some illustrations of the expectations.

Sestory says, power factor increases with vears, from 2002 when it was about
sl 2007 when reached 97 5%. Also the future agrees with this [acl.

1o SPSS software, the power [actor will rise up lo 99 73% at 2009; this
0 be almost ideal, but this is just a future assumption. Also the rates of

power consumplion al 2010 will be close to hall'its value when being in the

ik

2% Part three

== aimed to achieve a real view about the motors used in industry in Hehron
sccording to type, power rating and power factor. The collected data was
10 an average, in other words, no certain numbers achieved for this part.




5% of motors are induction, which means that the total power factor of a
=t uses 10 molor for instance is 75% to §5%, and so the efficiency is low
@ther hand, [actories consume very large rates of electrical energy, with
%ow power factor; it will be a serious problem

& Part four

s were situated in (s part, lighting. The most important three questions
Srst. fifth, and the last one, (refer to appendix A1), The collected data was
Srough Excel sofrware,

what Is the type of lighting?

factaries, pu

SRE 216 (Questionnaire) percentage use of the 3 Lypes of lighting, Q1 1-Part 4




did you follow lighting standards?

I

FWGURE 217 (Questionnaire) percentage of [vllowing standards, Q5-Part 4

does the improvement of lighting a Priority?

R

factories, pu

FIGURE 2,18 (Queslionnaire) percentage of factories assume lighting
improvement as a priorily, Q10-Part 4




wwis are not only done for factories and industrial plants, but also included

survey for homes all over Hebron governarate This is because of the high

won rates ol electrical energy had been noticed for the last vears,

of 20-full electrical clements houses was included in this survey. and the

was collected in such a table:

Table 2.8 Data taken from one home for home survey

Tunprstcn bulhs '

! Hib
;_ Florescent 40 ]
| Frdge 165
. Boiler 1200
_w=shi:ng machine 400
_ Fan 120
| PC-full 150
© IV | Receiver 10
 lron 1200
Hair dryer 12640
2001

Kettle
I_l]_ﬁﬁliar 400
2

Heater
o analyze the collected data and to have a good view about the consumplion in

tak

2l

—

:|—|—|—|.....|_._|.-\.\_'|_.._|_,_l|,-.-.-

Excel 15 considered to help in this analysis. The diagrams are as shown in
B9 220,221 and 2.22.




FIGURE 2.19 Devjce average working hours per day

excesaively high rated power, works for cxcessive low time, whi

le fridue
80 work all the time

—

| ® Availabliftylhouse

FIGURE 220 Availability of home devices per house




== o some poople.

2 that no one can live without fridges or florescent lamps, and any house

Swse @ washing machine, while microwave or cleaner is considered to he

w0 diagrams introduce tor the following diagram (o not be surprised, That
= i you know that iron device which wurks less than an hour per day, can
sectrical energy much more than the fridge which works continuously.

® 221, shows the rated power in kilo Watts for every device achieved by

I ] .lwn.lt’_'g‘.".fduvi:e

L) T

Vaccum Hﬁnil

cleaner

L

past three diagrams.

35

FIGURE 2.21 The average rated power ot home devices

the three diagrams are collected Logether and can wive the explanation for all




| mAvallability/house
mdayimonth

] | @ Ave. rated kW device

. Deic:

FIGURE 2,22 A per unil combination of ligures 2 19, 20 and 21




CHAP’I‘ER THREE

ENERGY SAVING

Satroduction

L

Elements of effective cnergy management program
“asezories of energy management opportunities
Badding envelope and Enerey Saving

Lighting and Encrgy Saving

SV AC Systems and Eneray Saving

Electric Power Systems and Encrgy Saviny

Resewable eneruy sonrees and energy saving




£ enerpy use efficiency has become a national objective of highest prienity.
e the suceess of programs aimed at improvements in efficiency, & targel is
smst which actual performance can be compared. That Larget is aa estimate

wimes in energy use that are sound economically and technically.
b sy saving meihods for which the necessary technology is at hand are
» w0 sxpensive to implement at the current price of energy. Many other

of improving encrgy cfficiency save both energy and money.

technology alone is not envugh 0 accomplish enetgy savings.

secal solytions must he econemie, understandable, and acceptable. Certain
eod local codes and standards create dillicullies since they restrict efficient

s me= These institutional barriers will require resolution 1f efficient energy use

e o be [ully inplemented. Furthermore, special skills, new materials and

= capital investment, and lime arc also necessary for improving cnetgy use

- [1]

S=c span is imporiant becguse while some improvements can be made

sclv. most roquire a certain amount of time.

span has been divided into the following categories:

Seediate sevings, are those which can accomplished in one vear or less and
“=woive modified methods of eperation or housekeeping improvements and little
o =0 capital expenditure. The same equipment and processes are employed but

mesnods are modified 1o improve efficiency.




savings, a shighty longer period of two fo five years, additional
@ents can be gained bul gencrally only with capital expendirure. An
m=ught be improved insulation of residences or insulation of mure
szhting. Not only is time required to make these changes but 5 certain
s pass before the changes are made in a sufficient number of facilities
Sons o have 2 significant effect.
== savings, which have been arhitrarily defined as five to twenly-{ive
s&tionsl improvements arc possible but nearly all require capital
s Tor new eguipment, new facilities, or changed technology.

Sowever, vahid technical ressons why the electricily growth rate is

continue to excead that of non-cleetrical energy forms, as follows:

S sHiciency of electricity generation is high, that the ventral generating

& sctually a highly cffivient device for recovering the work polential of

Sestnaty generation produces a high quality cnerey form and recovers
¢ availoble work of the fuel.

ssmsrol permits eflficient use, that is electricity s easily controlled with

fpemsive equipment as compared to all other energy forms. This means that

o meduced, energy 14 used only when and where it is needed. A switch
‘ess than a dollar can control an electric heater; compare this to the
pping, insulation, steam traps, and noise and leaks associated with a

Sesting system.

mety s emvironmentally clean, that is fuel is burned whereas eleciricity is
- {]]




=ficiency can be improved in two wavs:

Reducing the amount of energy that we need (o support ‘'our economy {our
sncrey demand) through rechnological improvements,

Lhanging our behaviors 10 reduce the amount of energy that we waste,

= o improve ensrgy use efficiency could he implemented on severnl levels
==ty and eommerce, in homes, and by governments), Programs could be
S by managers, corpurations, loval and municipal authorities, state and federal

S and cven by private cilizens,
= SESCtis important W recognize the three eritical elements involved:

® Awarencss of the nesd,
® Access 1o solubions,

* Visibility of economic benefits,

=5 point is most important. It is vital to reeopmize that the economic pavoff

% Sere before a significant savings can result.

==l approach, energy management programs will bring immediate payotfs. In
=S Just an awarencss of energy use can lead 1o savings of a fow percert,

Sousskeeping impravements and other sleps to improve operational efficiency,
== 1o this awarencss, savings in the range of 5 to 10 pereent with little

= expenditures are commonly reported.

Sus, further savings are more difficult and generally require concerted elfort,
¢ sxpenditure, and the use of efficient technologies.




e main concepts reluted 1o encrey:

=% quality: can be measured by the ability of the system to perform work.

% =20 be characterized quantitatively by a thermodynamic coneepl called

LY,

=8 fficiency: relers to the ratio of work or heat output to Lnergy input.

SSwemess: (he ratio of the theoretical mirimum work needed for g given
=== and the acmal useful work required.

= at & more efficicnt lechnology has been found of value in certain

s does not mean it will be appropriste in al] applications.

. conservation practices in industry will depend heavily on the cost and

= of energy, In many cases incressed eneray costs will simply be passed

ssssumer m the prce of the product. [1]
Slements of effective energy management program
s=ssnl encrey management plan should he held in the recourse with the

E=soned in Table 3.1,

Table 3.1 Elements of ellective enerzy management program

= 5y management plan to an energy management propram.

s=onical patterns of } use.

R -through survey.

% amalysis, review of drawings, data sheets, equipment specifications.




SeSement of energy audit plans.

facility encrgy audit, covering:
»  Processes,

= Faetlities and eguipment.

Samon of annual energy use based on audit resulis,

o with historical records. |

and simulation step (cngineering calculstions, theoretical efficiency |

=i

SRRSOSS, computer analvsis and simulation).

Sish energy effectiveness goals for the organization and individual li;m‘a,s.

=nine capilal investment requirements and priorities.

i conunuing awareness and invelvement of personnel.

Phase 1 - Management Commitment

mmment by the directors of a company to initiate and support a program is

= formulated to set up the program with a commitment of funds and

Fhase 2 - Audit and Analysis

= &ata for the facility should he collected, reviewed, and analvred.

should identity erass SRy e, Taed year ofeos, dependence on w

ok
WS msmmum and maximunm ENCeTEY UsE ratios.




e oment of engrav audit plans.

= facility energy audit, covering:
e Processcs.

« Focilities and esuipment.

0 of annual caerzy use based on audit results.

=con with historical records.

and simulation slep (engineering calculations, theorcticel efliciency

== computer analysis and simulation).

eneray effectiveness al for the nrgt'mn and individual plﬂﬂ"u.

capital investment Tequiremenis and prierities. |

Seetinung awareness and involvemenl of persomnel.

Phase 1 - Management Commitment

ot by the dircerors of a company to initiate and support & program is

& Srmulated te set up the program with & commitmen; of funds end

Phase 2 - Audit und Analysis
Suts far the facility should be eollected, revicwed. and analyzed.

e hould identify gross energy use, fiscal year effects, dependence on work

g minimum and maximum eneTgy Use ralios.




= of the audit
s=—ine how, where, when, and how much energy is used in the facility.
W dentifv oppartunities to improve the energy use efficiency of the

s s operatons.

ey audit will identify immediate eneTgy managenent’s opportunites,
sewsod sreas which have been inadvericatly fifuminated 24 Baurs a day.

PRI 4 ul.'l.l'dlﬁSSI:r'; et

Sessckeeping and maintengnes action can be insulated 1o achicve short

wath little or no capital investmentl.

3 - Implementation

soamt goals of saving energy can he catablished more firmly and prioribes set

5= catione and alterations 1o cquipment and the process.

mezsyrement and MoTiLoTIng procedures 2rc essential in evalualing

ww = the cnerity management program.
seporting procedures  betweed management and aperations should be
s 1o accumulzte information on plant performance and to inform plant

oF the effectiveness of their operalions.
emer: of cmployees and recogmizing their contributions facilitate the
et of objectives.

$e program must bs continually revicwed and analyzed with regard to

goals and procedurcs.




e audil

Bow. where, when, and how much energy is used m the facility,

W wdentfy opportunitiss to improve the encrgy use cfficiency of the

Ssality and ns operations.

o —
- ——

the energy audit will identifv immediate energy management’s opportunities,
e == unoccupied areas which have heen inadvertently lluminated 24 hours a day,

ss=—ment operating needlessly, ete:

“smective housskeeping and maintenance nction can be insulated to achieve short
== savings with little or no capital investment.

~—7  Phase 3 - ITmplementation
= 555 point goals of saving energy can be esiablished more tirmly and priorities sel

== modifications and alterations (o equipment and the PTOCESS.

~e=ive measurement and moniloring procedures are essential in evaluating

=55 in the energy management propram.

“ae teporting procedures between management and operations should be

sashed o accumulate information or plant perforniance and to inforn plant

“isors of the effectiveness of their operations.

wement of employees and recognizing their contrhutions facilitate the
cment of abjectivies.

v the program must he continually reviewed and analyzed with recard to

“ished goals and procedures.



= Categories ol energy management opportunities

Operational and maintenance stratesics,

Setrofit or modification sirategies.

Sow design strategies,

Soenience has shown that a minimum of 5 ro 10 percent improvemsnt in encroy

sion ean be achieved through effective housekesping measures.

Table 3.2 Plant systemns W be reviewed for cnerey management opportunitics

Building envelop Redues infiliration, improve insulation,

| madify paint colors, ete,

Lighting ‘ Task lighling, more efficient lamps.

improved controls,

HVAC sysiems Heat recovery, better controls use of |

outstde atr, modified ventilation.

Electric power systems Reduee PR losses; modiiy power factor,

reduce peak demand, decrease losses,

Building envelope and Energy Saving

"ev requirements to heat and cool buildings depend on two major factors, The
1 i the building envelope (rool walls. windows, doors. and the floor of the

liding ).

i




second is the installation ang

aperation of the building’s mechanical and
=al equipment to provide Proper indoor envirommens,

==mchion of any building is w provide heated or cooled space awey from the

and the weather. The building envelope is what separares you from the wind
e wenther outside

e housckeeping view point, the most esseatial aspect is to provide a Gghr
S 10 rutines heating and cooling losses.

Sehts and window

ATeas can save emergy by providing najural lght, while in
they would Tepresent a heat loss.

S==tion is ofien un important cause of exeess ®Nergy use; il can be controlled by

8 Weather-siripping, using door closers, and scaling Piping penetralions.

250m can be installed in wome situations; in other

" cases it may be very costly,
“eesiderations are sometimes helpful.

= designs seek t0 maximize the heating potential of the site in winter, and
<= it during summer,

=7, there are some factors affecling enerpy use in buildings, as follows

Building users

=

volume or space than actually required for the

functiora] needs of the
SSPAnLS Increases costs as incresses Cnerey use
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Climate and geographical location

15 delined a5 the pvernge condition of weather at a particular location over &
of years.
udes lemperature averpges, changes in temperature extremes. the temperalure
ee between day and night, hurmidity, infiltration, snowfall and its distribution.,

soaditions, and hail.

Window efficiency

S0 achieving energy saving by means of window effictency, there are several things

W consider, as follows:

= Do the windows saal tightly when closed?
= Are they easy to open and dlose so Lhat you take acvantage of natural ventilation?
= Are the frames In good condition?

= Are they the right type of windows for the climate (double-pane in warmer dimates,
insulated air spaces in colder dimates)?

244 Air barrier systems

- meantrolled air leakage through the building envelope is typically responsible for
S 10 33 per cent of the total heat luss of smaller buildings, such as detached houses,
o leakage out of the building is called exfiltration and air leakage into the building
% called infiltration. The common term to describe hoth is simply infliration.

A leakage can affect moistre accumulation in the walls and ceiling, building
Se==perature control and energy consurnption.
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“&nes have an air barrier system o reduce uncontrolled sir leakage. The air

Wemer system iz the most important part of the building envelope, It literally
Semerntes the indoor from the outdoor.

DOeare & Windows

Flom
1 0.5% e

| FIGURE 3.1 Ruilding heat loss

S A5 Insulation

|
=ation is installed to control heat conduction through the building envelope, T is
== according 1o iy resistance to conduction. This s commonly called its R-vahie.

"0 different types of insulation have the same R-value, they will perform the

eng costs decrease ns the amount of insulation increases,

10 =0 30 A1)
inzeletion (R-value}

FIGURE 3.2 Costs versus R-vzlues




—stion must be held in place in the walls and ceilings so that it is not Hlown out

e wind

seessed insulation also reduces ils insulalmg value (R-value) by reducing the
snd number of air pockets. All types of insulation must be carefully cut and
oy fitted around obstacles, such as electrical boxes or strucrural supports.

w500 sheuld always be placed tight against the ait barrier system.

Insolation

smount of radiation from the sun received by a surface. The exception to radian:
mes 15 windows, Making the window opague or reflective to heat radiation
seases the amount of heat transmission through the window and increases the
level next to the window.,

S-value of windows has improved over the years with commoen upgrades such
% emissivity coating on the glass, inerl gas fill (argon or krypton) between gluss
and nsulating spacers between panes of glass. All of these are designed 1o

se heat transfar from the warmest to the coldest parts of the window.

=0 helps reduce window condensation caused by increased humidity, allowing
Bect 1o be more comfortable. Other upgrade options include addirional glass

=% and improved frame design using fiberglass,

Sitting, orientation and shape

ssmple rectangular plans the most effective shapes will be those elongated in the

==t direction. The east and west faces receive the greatest amount of summer
=on and therefore should be reduced in area.




south-west face receives radiztion m the winter, but not so much in the summer

thus, should be increased in size.

idings can also be shaded to prevent solar radiation from reaching each surface,

meularly the windows.

#hsorption or reflection ¢l heal is also allected by the colors of the buildings it

= lor example, light colors, particularly for roofs, are elfective in reducing heat

s=mmary, each surface ol a building is suhjected 1o different environmenial
=nces, cepending upon the geographical location. chimate. insolation. siting.
===non, and building shape.

Configuration

Wies 118 onentation and envelope, & buildings confipuration also detenmines the
of energy used. If energy can be saved by usc of natural illumination, the
¢ perimeler should be increased and its interior space proportivnately

= surations thal resist unwanted heat gains and losses result in less encrev use.

wow buildings, a syuare configuration has less surface rhan a rectanpular one of
&=a and so experiences less thermal effect duc to the environment.

: 'huid'm_gs: have a propartionately smaller roof and are less affected by solar gains

B %= surface. on the other hand, wll buildings pencrally are subjected to greater

welocities which increase infiliranon and heat losses.
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Waterproofing

f the roof with shingles or a membrane. Membrane systems arc commonly

om tlat roofs, however no roof should he built totally {la The more slope, the

==ance there 18 [or accumulation of water on the roofl. which can eventually lead
and further damape.

& Moisture Handling

Seldings have an enemy it can be defined in one word: moisture. Moisture

=ns in buildings can cavse energy losses as well as constraction material
ERoration.

“=e affects the thermal perlormance of the building envelope by reducing the

of insulation. A small amount of moisture in the insulation culs the R-

s consideranly, This costs exlra heating and cooling costs.
e can get mto the maderials and assembliss of the building fram the outside
Som the inside. Rain or snow can infilirate from the eutside. Interior humidity
wmdilirate from the inside, which can condense in the walls and ceilin g Spaces.
most effeclive strategy is 1o prevent moisture from accumulating in the first
However, almosl all buildings have some form ol moisture deposition or

ation &nd it is impossible to achicve a 100 per cent perfect building As a

there has to be some consideration for handling the moisture.

ber of approsches are used to minimize condensation in huilings, inchuding
smigue ones in rinks and arenas,

=l situations, these basically involve:

Seducing the emount of airflow through cracks and openings.




*  Reducing the humidity level of indoor zir.

* Using ventilation fans 1o exhaust moist air from the building and bring in cold
dry air.

* Passive (natural) ventilation, using the wind 1o induce aisflow through ducts and
nlanned openings.

25 Lighting and Energy Saving

Sdustrial lighting needs range from low lovel requirements for assemhly and
welding of large structures 1 the hish levels aceded for manufacture of precision
==chanical and electronic components.

51 Optimum lighting sources

quality and effective lighting systems arc necessary lu create & pleasant
sonal indoor and owdoor environment, This part outlines some of the design
1s for achieving the most effective use of electricity for lighting.

musl be considersd as & system: an efficient lamip must also be used with an
! luminaire (light fixture). It is also important (hat the lumingire perform

wvely for the intended environment,

ng must be reasonubly uniform for specific applications, Good color rendering

%¢ necessary, so lamp sclection is critical.

oulput is measured in lumens. For sxample, @ 23 wati compast (uorescent

Selivers sbout 1,430 lumens of light.




“wcing lighting encrgy consmmption in locations where heat from the lighting

Weos warm an area will increase the annual heating cosls.
~*2 Lighting study fundamentals

e study of lighting zims to determine the tvpe, the number, and the method of
essation of lighting devices; in order to get a comfvrtable and suitable Luhting for
% Sesired place nature. This can be done by

“s5'c lighting intensity: describes the amount of light in 2 certain area.
== dimensions: the light when rebom is divided info two parts; the first one Tes
==y on the room ground. whereas the other lies on the roof and walls, then

EDerates on grinmd.

Si=s dovices shape and distribution: lighting may he direct, half-direct,
“oaous, indireet, or halftindircet.

=3 shows light distribution for each method, usage Tactor, and the heipht of
“=iee over workbench, sv as to have perfeet lighting,

e of used Tamps: there are many types of lamps. |Towever there are mainly
"o, filament end pas discharge,

33 Light distribution ratios and distances between lighting devices according

Lo lighting method

= Bghting

A @ 0.5-0.8 n & —
90 —100 ,
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55 Considerations when choosing lamp type

Seuld be used.

ool would you want the light (o appear.

o slower or even in 4 different direction.

Ty
(E]

Color appearance: describes the combination of color rendering and how warm or

Switch on imes: for high pressure lamps, like sodium or metal halide may take a
waile 1o reach full vutput levels and will not usually switch on when they are

wasm, These are unsuitable for switching on and off too often during a day.

Shcker: some [amps flicker on and off at high speeds e.g. fluorescents. The eye

ssmnol see this, Dot it may cause rotating machinery to appear to be running faster

Salasts are used lo start and operate such lumps correctly, and high frequency

Seiasis are availgble which overcome the problem of flicker and use less energy.

“amp life: Where maintenance is problematic, for example where lights are
mounted high up er over delicate areas such a5 food preparation, long-life lamps







e ——

=1 Filament lamps

=n! lamps are widely vsed evervwhere.

Anvther partition is included in
ment lamps,

incandescent und fungsten halogen lamips. The following exnlanation
% mentions these two typas,

*  locandeseen

Saandescent bulb is usually made of clear or frosted glass serews

nto & medium
socket, generally lasts from

730 to 1000 hours, and ernits a werm wirite light.
% producaed when the electric current heats the b

=LY 15 used to heat the filament and onl

ulb’s filamenr: 9 pereent of
¥ 10 percent gogs into making light,
ore, most of the Cnergy used by the bulb is given off as waste heat, nol Fght,

* Tungsten Halopen Lamps

pe produces g hright, white light. Moregver, it has longer Life and provides
“zht (lumens) per wart thar regular incandescent hulbs,
advantage over this, It maintains maximum

cificiency throughout life of
¢ available in both lines (1

20 vols) and low-voltage (12 volts), [6]

Gas-discharge lam ps

* Fluorescent lamps (Tubular  fluorescent and Compact Hluorescent
famps)

=eent lamps are very efficient for areas where lighting is reguired for long

s of ime, They are betweer two and ten rimes the price of a light bulb, but

= omes the life

==t between 8000-16000 hours. Fluorescent lamps wse about

0% less
Sty than incandescent lamps

of similar outpur,




HSuorescent lamps requite ballast, which is an eleciric device that stars and

=stes power to the Jamp. Electronic high frequency beallasts are now standard
1 for moslt fluareseent sources.

ol

“pect fluorescent lamps (CFL) are smaller vergions of standard fluorescent lamps.

* consume much less cnergy but provide light that is comparable to incandeseent
= CFL's provide 75-80% encrev savings.

¢ fluorescent lamps bave all the eneray saving benefits ol standard

ol tubes, but can be used to replace incandescent lamps,

= W compact fluorescent lamp will provide the sarme amount of tight as a 100W
sscent globe, Sce Table 3.4,

Table 3.4 Comparison between 20W CTL and 100W incandescent lamp

Power (Watt)

104)
Lifetime (hour) 1060 1060
Comparison period (hour) 10000 10000
Number of Tamps | I
Cost of Lamps (NIS) 6{l 12
cost of Current (N1S) 0.58 0.58
Cost of lamps (NIS) al i3
Slectrical consumption during 116 550
Lomparisun period (NIS)
sost (cost of Carrent + Cost of 176 205
0= Lor 10000 hour of use (N1S)
=g duc 1o the use of CEL (NIS) 395-176=414
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» Low Pressure Sodium (LPS)

Low pressure sodium (1.PS) lumps are closcly related to the fluorescent lamp, since

ey have a low-pressure, low intensity discharge source and a linear lamp shape.

' can Be used in applications where eolor rendition is not enitical, A large vanety of

are availeble, from 18 to 180 watls.

source has the highest efficieney ol all sources, ranging from 100-180 lumens

WaIlL

life is 18.000 hours. Wattage increnses 7 per cent, and lumen output 5 per cent,

end of lamp life.
« High Pressure Sodium (HPS)

P lamp has gained popularity in both indoor and outdoor applications because

eficiency, low cost and exccllent lumen maintenance.

FIGURE 3.3 Outdoor HP'S luminaire

3




s=ge rated life of HPS lamps is about 24,008 hours. A loss of ahour 20 per

izl lumen output can be expected at the end of il life. The colar of lght is
== m all applications where color renditian is net eritical,

= Low pressure mercnry lamps (LPM)

s Sancem over mercury disposal has in turn increased the importance of using
Seury content lamps.

High pressure mercury lamps (HPM)

* fgh discharge lamps are widely used in warchouses and factorics with high
-Overall. They have a low initial cost but poor disposal preblems as 2 result

= w2 of the heavy metal mereury.

Stustions, mercury lamps can be replaced by meta!
= cificiency,

halide lamps with much

Metal halide (M)

wie s elfeetively the same lemp type as mercury vapour (MV), excenr that
salts (seandium and sodium) have been added for extra eflicienvies.

o hugher starting vollages; however s an energy conservation retrofit, some
s are designed as direct replacements for MV lamps.
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FIGURE 3.4 FEnclosed metal halide luminaire

= loss of ahout 30 per cent can be expected at the end of life. Rated life is
OG0 to 20,000 hours,

Light emitting diode (LED) lighting

=50 55 an electro-chemical Tight source, When the diode is forward-hiased, light

— " Ea ]

¥ is dependent on the materials used. White 1 ght can be produced by using
pes sirmilar to those used in fluoreseent,

swiung dindes are hecoming more commoen in commercial and residential

& Secause they are extremely durable and produce a much more intense light.

systems Last up to 100,000 hours, based on the fact that when the Lght output

‘S=preciated to less than 50 per cent of mitial outpul, then the light source has
EEwelv expired.

~ Spically has the following advantages:

*  Low power consumption and low heat peneration.
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Extremely long life,
*  Negligible carly failures,
®  High valor ciBcicney.
I Verv small
= Resistant 1o damage from shock ind vibration.

No infrared or ultra-violet encrey is cmitied,

&nd applications of this light source will continue io increase now and into

Comparisons ol encrgy use, extended life, capital mvestment, anid annug]

SUSEEY Operating costs associated with the LED and incandescent lamp

=== use{‘n’u’ag | 67 to g¢ [ 23 t0 40
Sed life (hours) 218,000 1.000
Bvestment (NIS) 120 to 400 160 10 700 |
SBeTy opcrating 41014 ' 36 1o GR g
sests (NIS) '
==

Bl




256 Lighting Cantral

emane controls are critical for minimizing lighting energy use and maximizing
smece funcrionality and user satisfaction. Control techniques ranpges from simple to

smsemely sophisticale,

~ang contro] strategies are most suceessful when people can easily understand
s operating characterisucs. Another eritical factor 1s the proper commissioning of

Stene control systems so thar they operate according to desipgn intent.

Sty regularly scheduled maintenance of control equipment will improve the

= success of the svstem.
! Control using switches

¢ switchies arc the simplast form of user-accessible lighting control. Miniml
Siasce requires individual manual switching for each separate building space,

= switching is now required in slmost every space.

switches should elso be installed in spaces with occupancy sensors to

e energy savings by allowing people to tum off the lights when they arc

Occupancy Sensors control

- sensors employ motion detectors to shut lights off in unoccupied spaves,
¥ detection technology can be either passive infrared (PIR) or ulirasonic.
se=sors employ both passive infrared and either ulteasonic detection.

¥ semsars are most effective in spaces thal are mtermitiently occupied. or

e Dgnts are Likely Lo be left on when unoccupied,

61




5563 Time Controls
== controls save energy by reducing lighting fime of use through preprogrammed
sduling. Time control equipment ranges from simple devices designed to control

el eleetneal load o sophisticated systems that control several lighting zenes.

contrals make sense in apphications where the cecupancy hours are prediclable.

= here occupancy scnsor automatic control is gither impractical or undesirable.

24  Manual Dimmers contral

2o slandard wall switches, manual dimrners are the simples! of highting contrel
. With incandescent and halogen sources, there is the additional benefit of
od lamp life. However, more importantly, dimmers allow people to tune the

= 0 optimum levels for visual performance and comfort.

Photo=sepsor controls

sensor control systems are used to control electric illumination levels in day lit

g A photo-sensor deiects the daylight illumination level and sends a signal to a

seatroller ty switch oll or dim the electric lights in response.

=-toon systems, the sensor is placed so thar it sees a representutive daylight
soch sx looking up into 4 skyhght oroul 2 window, In a closed-loop system,
sor s placed so that it sces both the davlicht and clectnic illumination level




257 Lipht pollution

it pollution is light that shines where it is not needed or wimted. Tt is cusily

Sommized as light that is poorly aimed and too bright for its surroundings.

W8t causes light pollution is the use of artificial wver-lighting with poorly desigred

w=ed outdeor Lighting fixtures,

“ating only what is actually needed, when 1t is needed and fo the required
smmum lighting levels will help to reduce vour electrical costs and heln reduce the

ssending problem of light pollution,

' Re-lamping Opportunities

“=mping to a lower wattage can seve substantial anounts of encrgy.

sxample, re-lamping from o 150 watt 1o & 75 wae bulb saves 50 pereent of

Us Lse, or re-lamping fluorescents to smaller wallages will save energy,

Samping two Lamps with one can save also. For example. replacing two 60 watt

s with one 100 watt will save 12 percent of previous usage and will normelly

< the same amount of Lighl as before.

3.6 some illustrative examples of changes lade in installed lighring systems

Pole-mounted Lo ]ac older mery Vanor heads

Mercury vapor 1PS Light | Crutput (Lumens)
250 watt. 130 watt 144010
175 wart 100 wart ES0




100 warnt 20 or 75 watt 3600-5600 |
Renlacemerrs for entrance, wall-mounted, or decorative post-top lighting
Incandescent HI'S Light Output (Lumens)
500 watt LOD watt 8850
300 watt Towatt | 5600
200 watt 30 watt 3600
135 watt 35 watt 2000

259 De-lamping Opportunities

oing 1s a simple and effective method of reducing your lighting costs in over-
e It oinvolves removing one or more fluotesceni lubes from existing
sscent fittings where levels are higher than required.
fe-lamping, ensurs that lighting remains uniform throughoul rooms or work
Lighting levels should be measured at the place where work is performed and

=0t include ambient davlight.

messurement method is Fafrl}' simple. The following example supports this
Sach 40 W fluorescent lube removed will save abour 48-60 (NIS) a year,

on usage of approximatcly 40 hours a week.

can be caleulated by using this equation:

- NEDERYE
Annual sa A e e ey (3.1
ual savinoes (NIS) T (3.1)

smber of lamps removed.

er rating of lamps (W).

ner of hours of usage per vear.
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= glectricity charge per k'Wh (fariff),

=10 Indirect Impact of Lizhting on Heating and Cooling

el equipment and appliances, from lighting systems and oilice eguipment to
o= and water heaters. produce uselul services. But the electrical energy they use
ssoenrs as heat within the building, which can ¢ither be useful or detrimental tn
sulding’s heating. ventilating and air conditioning systems, depending on the

- N

=2 weather, heat produced by the elecincal equipment can help reduce the load
B S building's hesting system. In contrast, during warm wearher. this heat adds to
cing’s air conditoning load.

e cilicient equipment and appliances consume less energy to produce the same
5= work, but they also produce lcss heal. As a resull, efficient eguipment
seecs the load on the heating svstems in winter and reduces the load on vour ajr

ESoning systéms in summer.

mpacts of cnergy efficient electrical equipment and appliances on the energy
for building heating and afr condinoning systems are commonly called

smetive effects or cross effects.

Se= considering the overall net savings of an energy cificicnt product il is very
artznt to consider the interactive etlects ol the product on building heating,
sene and refrigerstion systems. Weighing the interactive elleets will result in

mlbrmed decisions end realistic expectations of savings.
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2511 Indoor Lighting Calculations

securate caleulations for lighting is not a simple operation, it is so complicatd

= mto account the effect ol desired place; its dimensions, reflection factor of
wes, type of used lamps, 2nd the architecture of the building.

=0 mterestng, simple method for the caleulations of lighting is to be explained,

usage factor method,

s method, the suftable brightness is o be caleulated firstly, then the

ion of the needed tofal light flux, and the number of lighting devices then

“ated after choosing suitable lamp #nd device,
S s caleulared by
2 EL
',‘lﬁm_ld_f e L N i El]
/]

=zl hight flux [Lumen].

micnsity measured by [Lux],
=r=a [m”).
Factor,

factor,

devices and lamns are Lo he determined. By kudwing the per-lamp

luminons
faumber of lamps per device, then

the number of devices oun be calculated

af




Vot
Lo - Jas

“m=mber of lamps.

total lumninous flux for anc lamnp.

SR of lamps per device,

= on determining number, ‘ype and distribution of lighting devices reguired
secture hall:

£ of the hall; 12m.
of the hall: 6m.
% required lighting device: Florescent — 40W * 2,
ses hghting intensity ( £ ): 500 Lux — referring o Appendix C (Table C.1),
Sector (17 ): 0.45, Appendix C (Table C.5).
Length * Width=12*6=72m2.
Telal Tuminous flux =

4 o L2S¥E*4 125%500%7)

= 100000~ Lunen.
7 0.45

P tenp = 2000, 7eferring to Apnendix C (Table C.3)

L ; - 100,000 e
= oumber of devices = N = Yoy _ =25~ lighting — devices
im ce N 2%2.000 ohting toes

P =limm

~ WVAC Systems and Encergy Saving

& unlimired variety of ways to hear and ventilawe buildings. The choice of
= based on a number of factors:
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* Enerpy source (electricity).
* Heat transfer medium (air, water, or steam),

* Heal delivery system {pipes and duets),

wally air or watcr is used as the heat transfer medium because both are in
St supply.

Sow 1s always from wam to conl. The rate is based on the temperature
meaces between the hot side and the cool side, as well as the resistmce to How

== by walls, insulation, air films, and other building compenents).

==sic healing and ventilation system tzkes the heat from the hear sotiree and
Sates il to the places that nead it using fans and duets lor air-based svstems or
#nd pipes for water-based systems.

W52 two main technigues of Heating and Ventilation:

Nanural Techniques: Using sunshine for natural hesting. and wind. air ow
%or natural ventilation.

Amificial Techniques: Turnaces, infrared radiant heaters, water heaters, air
conditioners, fans and filters,

Furnaces

¢ is 4 twpical inexpensive heating unit. Furnaces corme in vanous

=005 1o suit various applications, They are inexpensive 1o owiL uperate and

==ciencies vary depending on type and operation.
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eectric forpace has annual fuel wilization efficiency (AF UR) of 100 per cent
=z that essentially 100 per cent of the clectrical enerpy supplied to the (umece
‘erted 1o neat in the building.

FIGURE 3.5 Typical forced-air fornace

4]

Infrared radiant heaters

= heaters use 4 different principle than furnaces, unit heaters, or hoilers to

secupants and rooms, The method is similar to sunshina.

Seaters use electricity to produce 2 high temperature radiating hody, Heat is
== wia infrared tays trom the heater to any ohject visible to the hcater.

Sesters heat objects, not the air, They may reduce heating costs since the air
Save to be heated te keep vecupants comfortablc.

He




FIGURE 3.6 Radiant heater

Water heaters

Seaters must be maintained in 4 mamner similar to
Hlush and dramn

any other appliance. In
the hot water storage tanks once a vear to remove scale
Flush more often in areas with very hard warer.

FIGURE 3.7 Typical water heater
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Air condilioners

Smditioning is nommally used in summer when outdoor temperatures and

¥ exceed comlor levals.

Ritioners we rated in Biudk, They may also be rated in tons. One ton of

= equal 1o 12,000 B,

= sysiems should be checked annually by an authorized reirigeration mechanic
snsure long trouble-free operations,

Electric Fans

semmonly used deviees for ventilating spaces, can be in more than one

B can also be located in varions places distributed wherever it is recommended.

% fans have the following advantages:
Availability,
Zase of use.
T spically inexpensive.
Asmost they have low power consumption.
Srovide suitable and fzir ventilation,
Can be located in various Tocations.

Sase of implementation.

e their associated motors should be c¢hecked annually and Tubricated gs

== by the equipment manufactarer.




should be checked for wear and deterioration. If belts are questionable, they
b replaced rather than fisking a bresk deown

of the heat dismibution or

Filters

Shers waste coergy and reduce air flow in buildings, Air filters should be

= =aularly. I you have permanent filters they should be cleaned and replaced,

way filters should be replaced with new tilters of the same type and style,
Factors for determination of heating and ventilution rates

T8¢ rate of heating and ventilation is & fimetion of qetivity,
The number of people in the room.

e odors and pases associated with the activity (unhealthy atmospherc),

Esergy Saving Sugpestions

=shon of mechanical systems and equipment is ultimately whal uses SeTEY,
Slowing are ENErgy-sEvIng sugpestons on the operation of heating and
on Sysiems,

Shut off ventilation systems during unoccupicd times.

mstall low flow shawer heads 1o save domestic hot water and heatin £ Costs,
Ssulate hot and cold water lines, as well as domestic hot water tanks, (o
prevent heat loss,

\ Frovide timed shut-off shower heuds 10 climinate the possibility of leaving

showers runming, which wastes water and heal energy: infrared sensors for
ssarting and stopping showers are ulso gaiting popularity,




e room temperatares at a reasonable level; excessive room lemperatures
&5d 10 hear loss and LnErgy consumption,

Suilding heating and cooling controls shauld be cxamined and preses,
Vemtilation, gir, and building cxhaust reguirements should he examined. A
miuction in air flow will result in & saving of clecirical energy Lo motor
&nves and additiomally reduce the ENErgY requirements lor space heating and
coaling.

RBeview air tonditioning and heating operations, seal off’ sections of plant
“pemations which do ot Tequire environmenty] conditioning, and use air
“onditoning equipment only when needed,

Sng non warking hours the environmental control equinment should he
shut down ar reduced, autoniatic fimer can be eftective.

E=ure that all equipment is operating efficiently: filter, fan belte, and bearings
ould be in a good condition,

Beating and venilution control

Frogrammabic Thermostars,
Tmme Clocks,

Equipment Efficiency.
When process is needed.

Lot controllers.

Impacts of appliances locations on encray cunsumption

=iy recommended that Rouschald applisnces and electric equipments should
=0 at suitable locations within proper distribution. For example; the fridpe
¢ 8ot be located in nammow and hmuted sites, also not so nesr 1o walls, in [ear




walls and other house éavelopes may affect the performance of the operated

a0d may merease ther power consumption to achieve Ltheir taraeted tasks,

* 1aking in consideration, that also air lezkage has a powerful influence on their

eristies, so choosing a proper place is as important as encrgy saving itself,

Old vs. New appliances and power consumption

Scen noticed that old equipments usually consume mure power, duc 1o their
of complexity and variable internal connections, therefore; when someone

% buy a fridge for instance, it is recommended that he buy's a new ong.

= mportant thing that should be taken into accounl, the economical view.
wile: if you have an old fndge that consumes 300 kWh. and you warna
= = with a 180 kWh new one, you should take in consideration is how wise vou
Jour choice, is that step achieves a real progress in energy saving align with
socket? And how much fime is still required to recover the initial cost to start
profil; 2

Electric Power Systems and Energy Saving

= 10 keep the manufacturing cost of a product minimum, and make its price
s=tve in the market, it is neccssary to minimize energy comsumption at all
= of the manufacturing provess including electrical drives.
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conservation is alsa necessary because with the ever increasing demnand, need
ical power can only be met by conserving electrical power in addition to

ion of new generating wnits, [ 71
Ceuidelines fur achieving Energy Saving in Power Systems

Ehiminate unnecessary transformers.

~ Reduce Fnerpy losses which are an inherent part of electric power
distmibution systems,

The overall power factor of electrical svstems should be cheeked for low
power factor,

Check load Factors.

Reduce peak loads wherever possible.

Frovide improved monitoring capability, sub-meters, or demand recorders.
Avoid operation of equipment shove its rated voltape,

Ahmimize aperation of idling or lightly loaded motors.

Seplace standard motors as they bumn out with energy-efficient motars,

‘mstall capacitors in your AC cireuit to decrease the magnitude of reactive
POWET.

Measures for energy conservation in electrical drives

ing measures can be adopted:

e of efficient semiconduclor converters.
L of efficient motors.

Lse of varighie speed drives.

Saerzy officient operation of drives.
Smarovement of power factor.




*  Using a mator of ripht rating,
* Improvement of quality of supply.
» LUseof single to three phass semiconductor converters in miral applications.

* Regular and preventive maimienance of motors, transformers and coupled

SJuprment,

Rencwable encrgy sources and energy saving

= 5 feed onesel?, keep warm, gt sround, bulld or produce withoul energy. A source o innovation

e enerpy 15 one il ihe kevs to development

ssumption. which bes increesed thirtsen-fold in & centitry, reflavts (he viline of B country's

&l is one of the mos: reliable mdicators of mrowth. Ir develiping cavntres, whers wirk stops at

e socizl and economic Gevelopments ane hard to imagine.

== of the global populetion comsumes three-yuartas of <he enenne oroduced. Foss!l fuels seill
S dimost 0% of the tiorgy usad worldwide.

S resources are also respensible fo- the lates nwsiivie oil spills, problems of deforestation and

and, mors mporiantly, air pellotion.

&oale, Tosgil fuels generate almost 0% of carbon diaside SMSE0ns, the ms! widesprend of the
£a2s0s. Saiencsts and cealogists alike have repentodiv sounded (he wlarm = alent politice] and
Seision-makers 1o the problem of glubu! warming.

= multpls nitiatives have bosn {zker (o develop niéw ard sustainssle eneTEISS using the wing,
s=th 2 sum,

==ty sbout the futwe of fusion rescarch has increased the importance of

IS ENCIOY SouTCesS.




le energy sources main assels ara their environmental cleanliness and their
mexhaustibility. Major drawbacks, however. are limited energy production (in
=25 nol suitable for large-seale power gencration) as well as relarive

to build and maintain

Wind Energy

fas made use of wind power since ancient times. Wind has powered hoats
sca craft for years. Further, the use of windmills to provide power for the
ent of agricultural rasks has contributed to the growth of civilization

ant renewable eneray source is starting to be lovked at again as a possihle

o clean, cheap energy for Vears to ¢ome.

same principle as the windmill, revolving propellers drive a rotor that is

0 a generator which converts mechanical cnergy 1o clectrical energy

on land (fields, farms, parks, wind farms) or offshore, all winds have the
2 generale encrgy, and thus decreasing the consumption rates of eloctricity

from other finite sources.
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FIGURE 3.3 A Typical Wind Turbine

e main problems with wind Power s the space that

is used up by the so-
smd farms. In some cases,

the space taken up- can seriously alter the

FIGURE 3.9 A LTypical Wind Farm

seoblem with wind power is thut relatively speaking. it does not gengrate
== energy for the price,

Hiomass Energy

Rsists in the transiormation of renewable organic matter (plant or animal) into

=fergy provides agriculture with new outlets and is a means of recycling

Vanous processes exist [ur producing heat, electricity or fiel

Salar Power
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v reaches the atmosphere in the form of electromagnetic rays that produce
Seat. Photovoltaic cells convert this cnergy directly to electricity

- this is the most practical and applicable source to implement in our

% But with a typically high initial cost; but can retrofit a pay pack in almost a
of time

HGURE 3... 1 ﬂ ety Hending = Wil sool s s62ae pi wls

Channel Light

light from its natural source to then diffuse it mside an old or new

= & simple way to gave ENETRY.

which comprises a dome on the roof of the building and an optical

=ade up of micro-prisms, concentrates hight irrespective of the angle of the

i




sght is then channeled along an aluminum-lined pipe, up to 20 m in length. Up
5 ol this light is relcased via an optical diffuser into any room and at BNy lime
or night.

FIGURE 3.11 A Typical Channel Light

Snllrgl-l;uk
O
] 5 H T Fl-'T ‘
HoH Crnmwal A[ Buerrer H AC Load (
4 H = - el
I Cemrul .
0 Lexd

FICURE 3.12 Typical Deesign of'a Solar Energy System Block Diagram
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Factors affecting on radiution:

Radiation received per unit area perpendicular to the incoming radiation is

groater fhan that recejved per unif area on s horizontal surfice due to the
carih’s curvature and the £k of its axiz, It is for this reason that solar
collectors are penerally placed on an angle.

Atmospheric conditions, its purity, vapor, dust, snd smoke conlents,

Length ol daylight pemod, whick is dependent upon the day of the year,
Siting, orientation and shupe: for simple rectangular plans, the most effective

shapes will be those elongated in the east west direction.

Geothermal Energy

==sier of the earth can reach 12,000 degrees Fahrenheit, Just imagine if we could

st heat for our own use. Well. geothermal systems do just that.

=ergy 15 produced by recovering heat from underground sources,

=chnigues exist to produce energy:

Low-temperature svstom, cold water is injected deep underground (betwesn
200 and 1,500 m) and recovered as hot water.

High-temperature system recovers very hot water as it spurts out of volcanic

zones and converts it to clectricity.

Ground source heat pumps (GSHP)

==ih - a few melers helow our feel - keeps a constant wmperature of about 11-

S=oughout the year. Beeause of the ground's higk thermal mass. it storas heat

= sun during the summier,




¢ source heat pumps ((GSHP) can transfer this heat from the ground inte a

10 provide space heating and, in some cases. pre-heating domestic hot water.
very unit of elecinicity used ta pump the heat. 3~ units of heat are produced.
Components and Principle of Operation

w¢ three important elements of a GSHP:

« Ground loop - comprises lengths of pipe buried in the ground, either in 2
Barehale or a horizontal rench, The pipe is usually a closed cireuil and 18
filed with a mixtore of water and anlifrecze.

Heal pump - iridges and air conditioners are both examples. A heat pump

has three main components:

Swaparator: takes the heat from Lhe water in the ground loop.
Compressor: compresses the gaseous relrigerant to the temperature needed

for the heat distribution circuil

Condenser; gives up heat to a hot water tank which feeds the distiburion
svstent.

w» Heat distribution sysiem - consists of under flovr heating or radiators for

space heating and in some cases water storage for hot water supply.




RE 313 8kW heat PUMP uil connected Lo the ground Inops via the red

manifolds

4

Cost

ion costs: The installed cost of a GSITP, for & professional nstallation,
=5 from about 3000 NIS - 6000 WIS per kw

of peak heat output, excluding
=05t of the distribution Systent,

=Ing costs: The cificiency of a GSHP system is measured by the Coefficient
“=niormance (COP). This is the ratio of the number of units of heat
=nit of electricity input used 1o drive the compressor and

=3 loop. Typiczl COP's Tange between 2.5 - 4.

vutput for

pmnp for the

Considerations when installing a GSHP

The type of heat distibution sysiem, GSHP®

£ can be combined witk radiators
oat under floor heating

is better as it works at 4 lower temperaiure.
Availability of the required space,

Suitability of the ground tvpe for digaing.
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Looking toward (o have 4 combinationsl system, install solar PV or somie

e form of renowable clectricity genernting system in power the

SEEEDTCS ST,




CHAPTER FOUR

WER FACTOR AND POWER FACTOR CORRECTION

Introduection

Power Lypes

Sources of Reactive Power

Exact Meaning of Power Eactor

Theoretical Meaning of Power Factor (Math Modeling)

Average Power Factor

Reactive Factor

Power Factor Measurement
Bad Effcets of Low Power Factor
Guvernmental Limitations for Low Lower Factor
Fower Factor Improvement (Power Factor Correction-PFC)
Savings from lmproving Power Factor

Power Factor Correction vs. Phase Shilt




Types of Power Factor Correction

Equipments for Solving the Problem of Phase Lag
Power Capacitors fur Power Factor Correction
Synchronous Moturs for Power Factor Correction

Power Factor Correction vs. Harmonics
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Introduttion

sower factor is the percentage of current in un altermating current circuit which
#¢ uscd a5 energy for the intended need. For example, a power facior of 0.75

swics that T3% of the current supplicd is usefully emploved,

= f=cior is @ unit-less number between 1 and 0, whers a power factor of 1 would
Bse the current and voltage are exactly in phase, which is seemed to be diffcult
gally.

Sower factor has to be improved {corrected); since it is a desirable situation o
® mlatively high power factor. Massive factories and industrial plante should
® technology fo improve (beir power factor. Most of them have to pay for
“opalitics and electricity companiss according lo the S reading fmeters.

. their consumed energy will be much more effcetive.

chapter, many power laclor comection methods are to be mentioned and
ely discussed. Capacitors are the most important and most used technigue,

s reiative low cost and high efficiency.

sew and future lechmigues for power factor comrection are 1o be discussed
#=d one or more designs arc to be put forward as a foture desipn for (his
Bon-project.
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Fower types

Active Pawer

s=sistive loads convert the Elcetrical Pawer (o ancther form such as Heat. Tjpht
==a=njcal Power. For these types of loads which have no Inductive or capacitive

5, the voltage and current waveform interseet the Zero coordinate at the

point
A | =
! .-"iv fnlkl
“Q’\i
L / \
L ! n:
| “\1"’.’::‘
O,
v

FIGURE 4.1 P, V, and | waveforms swhen phase shilt is zero,

=% Resistive loads, the voltage and current are set 1o be In-Phase. The uctive
) measured in Watt umts, i3 ealenlated as the Produet of voltage and current

= smtirely on the positive arca,
PVl e [BF= 1. (41)

e, 1t is unusual to find purely resistive londs, since most of the electrical
mests have Inductive components and they operate in the presence of magnetic
= Mator, Transformer ete. The current which is used to creale and reverse the

feld is not dissipated, but flows as Reactive Current berween the Source

Tosd

&g




FIGURE 4.2 P, V, and | waveforms when phase shift is not zern

Westated in the figure zbove, the vollage and current waveform no longer
the Zero Coordinate at the same paint, but with the displacement normally
= displacement sngle (phase angle). With magmetic / inducrtive loads, the
g the voltage whereas with the capacitive loads the current Jeads the
i the Pawer (P) is now calculated wirh the ahove formula, nogative value

" with one of the two factors s negative. In this case, part of the power (P) is

s=gative area, The active power in this case is computed as per d.e following

P=Fxlx Cost.. i (4.2)

s=mameler Cos@ 1s added in effective value comiputation lor active power and
wemmeter 18 referred to as Power Factar (FPF) in all electrical power

Reactive Power

* machines work o the principle of conversion of clectromagnetic encrpy,
S Setic motors, transformers). A part of mput ensrgy is consumed for creating
ining the magnetic field, This part of the input encrey cannot be convertad
SiE energy and is returned to the electrical network on removal of the

- field. This power is known 25 Reactive power (Q), measurcd in VARS.

&9




:Hls:tive Powcr s the power. which flows between the Rouree and the Load at the
frequency as the supply voltage. The Q Power flows back and forth, causing
Chut of phase shifl between the eurrent and voltage waveform. This Reactive

has one half of the Power in the positive area and the other half in the negative

FIGURE 4.3 P, V, and T waveforms when phase shifl is nat zero

<252, the Reactive Power is computed us:
D=V RI% Bl ecnrvrsinn (4.3)

In Figura 4.4, reactive pewer (measured in KVARS) caused by inductance

55 el o | 80-degree angle to reactive power from capacitors,

[ Capagtiive Paactive Powe

| J
um.a‘;%fuﬁ Rmactive Fowar

FIGURE 4.4 Capacitive Reactance/Inductive Reactance




Apparent Power

ions of Elecirical equipment are based on the conversion of Electrical coergy
some other form of energy. The Electrical energy drawn by an equipment from

Source is termed as Apparent Power (5) and it consists of Active and Reactive

Power (measured in VA) is the product obtained by multiplying the
wve values of voltage and current without faking into account the Phasc

ert (8], And so the appareni power can be found using the following

= ) S (4.4)
N T LR (4.5)
S a
2 ») >
P |

4.5 Power Trzngle relating the three (ypes of power; P, Q. und 5

of Reactive Power

and machines in electrical networks and industrial plants operate on
_ which means that it requires inductive reactive power so as 1o achieve

flux needed for their operations, those machines are known as reactive

9]




somsuming devices, whereas, devices operating on leading PE are known as
= power supplying deviees. As u result, connecting reactive power supplving

with those consumimg devices leads to PF improvement or PF correction

- *"_ﬂd.s ﬂ‘ﬂ' 1-'9 Al

inductive Capacitive
Loads i e ; Loads
Lagging  Leading
power poiwer
factor factor

SEGLURE 4.6 Leading and Lagging reactive power consumers or suppliers

Heactive Power C onsuming Devices

Sduction motors, cspecially when they are operated with less than their full
oads.

“ransformers. they represent g very high inductance due 1o their large coils,
= 1ron core of magnetic material.

Slectne arc welding machines,

Sectnic fiurnuces,

Slectronic devices in general which is widely used in control.

== discharge lamps.

Eectifiers.

Reactive Power Supplying Devices

Lapacitors.

Syachronous Condensers,
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Exact Meaning of Power Factor

Factor (PF) is usually defined as Cos#, also known as displacement power
\OPF), This conventional definition is only valid when considering idezl
sl sipnals for both current and voltage waveforms.

reality is something else, because most offline power supplies (switched-

sower supplics-SMPS) draw o non-sinvseidal current. Many off-line systems
& tical front-end section made by a rectification bridge and an mpur filter

&5 shown in figure 4.7.

FIGURE 4.7 Full Wave Bridge Rectifier Waveforms

flows o charge the capacifor only when the instantuneous AC voltage
e veltage on the capacitor. The load draws the energy siored mside the
itor. The phase lag 6, also the harmonic content of suck a typical pulsed
wavelorm produce non-efficient cxtrs RMS currents, affecting then the real
able from the mains. |

s much more than simply Cosd . The PF value measures how much the
L esieney is affecred by both, phase lag A and harmonic content of the mput




meanwhile; the purpose of the power Inctor correction circuit is to mimnimize

SOt current distortion and make the current in phase with the voltage,

2 % W 19 2
Harmanie Number

FIGURE 4.8 Harmonic Content of the Current Wavetorm in Figure 4.7

"heoretical Meaning of Power Faclor (Math Modeling)

factor (PF) is simply defined by

pr=f___ realpower e (4.6)

S lotalapparent. power

seevious ilustration, it is concluded that there are two cases for finding an

!s of PF, non-ideal sirusoidal, and idea! sinusoidal current waveforms,

S===nt has a periodic non-ideal sinusnidal waveform. the Fourier fransform

wpied to get the following formula:

G4




facl, -] 7 ]
Lpge i =N 70+ Tomaes 40 snus .o 0 iy i, (4.7)

!, s the DC component of the current, 7, is the fundamental of' the RMS
&nd [yl e ETe the harmonics.

purs AC signal:

I,=0
Seadamental of the RMS current has an in-phase component Ijgys P oand a

cemponent Iizys Q. So, the RMS current can be cxpressed as:

L onshuar = .ll'l'llem's—.a—* ~ Mg + Z"’ L S (4.2)

n-3
¢ Real Power is given by
P:_P'mefm,ﬁ-_ﬁ ............ {4.9)

e displacement angle berween the input voltage and the in-phase companent

ental current;
e pefpeniinggo . (£.10)
P=I'rnm ?{j”_.m xCﬂEE" ............ {4.11‘]
SR S S (Y, - 1 .
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Power Factor can be caloulated as:

(g A
PR =188 e, i (413)
5 ! wnds s )
sroduce the k, factor by:
fyans 4
Ky = = COS e {4.14
"r.r'v!-’l!.:? retal

Sstortion angle. The k, factor is linked W the harmonic content of the

& the harmonic content of Tews ot 15 approaching zero, then, &, = |,

sower factor and low harmonics go hand-in-hand. There is not a direct

Sowever, the following equations link total harmonic distortion 1o power

I

= =
, fgm{%}i

= Cosg.......... 415)

b

VU ooy

“HD s the total harmonic distortion fuctor (distortion factor).

¥F can be cxpressed by:

PF = Cospx CosB....nvvis {4.16)
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ko =Cos8....nn. [4.17)

YT A (4.18)

= known as the true power factor (TPF).

ve the modern definition of power [actor uscs only the first or fundamental
of the line current for the real power caleulation (PF = kg anly).

| M=sctive component is a measure of the Power Factor. If the Reactive
et 15 small, the Phase angle ¢ is smell and hence the Power Factor Cosd
S2gh. Therefore, a circuit having small reactive current will have high Power

W vice versa.

wer Factor at [ull load is normally given on the nameplates of the cleetrical

Average Power Factor

Sower Factor discussed above is Instantaneous Power Factor. However, the
p=me 1o all the Utility companies is based on the Power Factor on monthly

Sasis. Average Power Factor is a time intcgrated guantity and is defined as:




O
el S (4.19)

e VAR includes both lagging Reactive Power and Leading Reactive Power.
=sctively implies, whenever the Reactive Power flows 10 and fro, the soures
= counted drrespective of the dirsction of the Reactive Dower flow. For
dverage Power Factor improvemenl it may not be just sufficient to
imstantaneous Power Factor at healthy levels during Toaded eemditions, but

W maintain the insisntaneous Power Factor at healthy lfevels during lightly

sonditions and jerkine load operations.

Heactive Factor

before, the current can be divided into two components, the active

which docs the usefl work, and the reactive component which does no

e qum of the two companents 15 the apparent current, in other words:
Power, combining active and apparent components results in the concept of
factor (PF), whereas combining the reactive and apparent compenents
sesulls in what is known as Reactive Factor (RF): which in turn leads to the

formula:

Reactive Factor(RF) = o dctivel Ciads ) S (4.20)
- Apparent Fower( )
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Fower Factor Measurement

canvenient and casiest method of measuring power factor at any peint in a
o mstallation is by means of a power factor indicalor. Whete an instrument of
* not avarlable, acourate caleuiation for three phase systems can be made

Watt, Volt and Ampere measurements, and using these values in the

equation:

_ Waits 1,000

i ST

E 2 o

Sad Effects of Low Power Factor

Saher Apparent Current

Faclor causes higher Apparent Current in any Load Centre, For example,
Active Current is 10 A, and the prevailing Reactive Current is 10 A
¢ Current will be 14.14 A, while drawing at a power fuctor of 0.71 lag.

&5 equipment with 10 A active Current, the Apparent current drawn will

A

- Sigher Losses in the Flectrical Distribution System

= the Cables, Switches, Motors elc., are in sqQuare proportion of the Acrve
. 1414 A leads o higher losses in the electrical systems. The higher

L]




= Current passing throuph all electrical circnits, eables, bus-bars, swilches,

= =ic. reduces the [ife of the components and also leads to more break-downs,
secnical losses at a higher level will lead 1o higher resistive loss in squarc
wen of the Active Current, in tum leading to higher monthly consumption
* Low Voltage in the System (voltage clipping)

% power factor leads to low voltags which leads to motor winding bum-outs,

e fuse failure etc,, which in tum lead to production down time.
= Low Plant Load Factor
o power factor reduces the capacity of the distribution network. Low Powver

‘Acreases the mainienance cost of the Power Distribution System, in addition

05T power taniffs being paid to the distdbution autharitics,

* Reduces an eleetrical system’s distribution capacity

==cted power facior will cause increased losses in your clectrical distribution

% and limit capacity for expansion due to the increasing of the loading,
*  Oversized transformers, cables, und utility devices

tam the amount of power required, due to the increment of drawn current by

- '_,-:-:...
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*  Presence of harmonics

two harmonics tavel down the neutral line and disrupt other devices
to the line. One is the low efficiency of transmission networks and
ution transformers. Effects on the lighting lamps performance in general,
=z itensity could be decreased as the incandescent latips, whercas vthers

| Opcrile as gas discharge lamps (Florescent, mereury, and sodium lamps).
Governmental Limitations for Low Power Factor

cnis 1ook in consideration some limits to increase the eleetricity tariffs for
“stories and companics who have power factor less than & reference value. due
==momical view, and installed meters to record ihe comsumption of reactive
= EVAR in addition to meters of active power in KWl and those faclories are
= pay additional amount of money a5 a punishment, additional cost can be
&= follows:

seterence power factor ordered is 0.90, and the plant’s power factor is .75,

¢ kWh consumed monthly is about 100000 kWh.

e Power Cost = kWhx Tariff =100,000% 0.5 = S0.000-NIS...........(4.22)

L PE Y j
Reactive. Power Cost =| | - 27 ‘ —1 [ kIFRx Tarill =
PF.'I{.T. s .

= ”'9{’]—: % 100,000 0.5 = 10,000 - NI§
L0.75)

Lo = Aetive Power Cost — Re active Power.Cost = 50.000+1 0.O00 = 60,000 — ATS
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sceviously mentioned devices and machines operate at lagging PF, which mes:ns
ey are inductive loads. Their PE is usually between (0.3-0.8. Epgineers
ble of operating those muchines, ties to improve their PF (o about unity, by
of inductive reactive power compensation hy providing capacilive reactive

suppliers.

Power Faclor Improvemeni (Power Factor Correction- PFC)

sower factor ut which consumers take sheir electricity is oulside the contral of
slectricity board. It is governed entirely by the electrical plant and equipment
s installed and operated within Lhe consumers building.

Sustrated previously, pewer factor correction should deal with two different

a. phase shift (phase anple @), and harmonic content (distortion angle ¢ ).

Savings from Improving Power Factor

_ Direct Savings

Seduction in Maximum Demand of kVA and so reduces kV Ah charges.
Seduction in kW and kWh Consumption.
Beduced (IR) losses in the total Digribution Network and reduced voltage

“on. To caleulate Toss reduction, the following formula is used:
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fﬂmﬂ£| cen(4.23)

4
g

Yo Reduction = 100 — lUU[

* Improved Voltage at the point of use, leading to enhanced life of the

R

transformer, cables, switchgear, molors, etc.
* Increase internal electrical system capacily and so increasing available power,

* Reduction in the size of transformers, cables, switches, etc.

i T_\ i | rmem’F--.u N
§$;\¥E%R\k ; ;J J ! ; Y
;_:‘!; 2 \II NNEQ:“" ;\ !ll if .il lii lw

S J ,-"
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B o S vetegn Cnpmcies Fsluasid P K ywatt o Lowgd

FIGURE 4.9 Correcied Power Factor Releases System kVA

Indirect Savings

* Heduction in Maintenance Cost.
* Reduetion of Burn-outs due (o reduced Apparent Current Flow,

= Improved performance and etficiency of operating machines due 1o healthy

voltage,
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A3 Power Factor Coreeetlion vs. Phase Shilt

Mese shift is measured in degrees, but it is equivalent 1o time (where 360 degrees
swenls the time required for ane full AC ¢yeled

s the Pawer distribution system must he dimensioned to carry the apparent power,

is are made to keep thiy as low as possible. If a device taking leading reactive

is comnected m parallel with the Toad, lageing reaclive power of the load will
parily neutralized, thus, improving the Power Factor of the Inad.

Iuﬁ:l; raneire pomEs ’

o

r-m patran

é;,ﬁ’f 62 Q2 '

= = e

FIGURE 410 Leading and lagging reactive power neutralization

Oroting = O roprin = Do paggmg roveeseee {$.24)
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Types of Power Factor Correction

are mainly two types of power factor correction: active and passive. However

two methods are not only dependent of the point where the PEC unit is located,
also depend on the applied frequency.

I Passive Power Factor Correction
techmigue is simply done by adding passive efements such &8s capacilors,
& resistors to provide a resonant circuit that should together connected on
with mains source, so that the impedance seen by the souree is so small,
as if it were a short cirouit.
oW impedance passes only the fundamental source frequency (50 / 60 Hz) and
& other higher frequencies which attain high current distortion. in ather words,
the harmonic content resulting in an improve in PF.
this technique will be studied in more details in the following sections
4.18.4 - Harmonic filters).
Active Power Factor Correction

Active Low Frequency Power Factor Correction

15 simply done by locating the PFC unir before the reetifving converter
supply (hetween the mains and the rectifier).
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FIGLRE 4.11  Active low frequency PFC

Asvantages of Active [ow PFC can be summead in:
= [tis more reliable,
* [nexpensive.

*  Twpically corrects to about 0,9,

* Canachieve 2 0.7 power factor for power levels below $00 watts.
Ssadvantages of Active low PEC can be summed in:

* The bulkiness of the inductor restricts ils usability in many applications.

* A passive filter would be too large and heavy for most designs,
#1422 Active High Frequency Power Factor Correction
“%s is done by using active elements such as transistors, thyristors, 1C's. This

wethod is simply done by connecting the PEC unit afier the rectifving converter

vetween the rectifier and other side of the electric circuit ).
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FIGURE 4.12 Active high frequency PFC

Sestions of Active high PFC:

1= more effective,

More cxpensive.

Generally integraled with the switch-mode power supply, and can schieve

about (LO8 PF,
Wide input voltage range,
Regulared de bus.

Smal] size.

¥oput correns with ne PEC
Aripidt et weith passie R0
Anpin crarent weth Setve FEC
inpul voiage

Ba Lol BJ =m

b L X

L Ch& _JDjvetases G

SIGURE 413 Input Characteristics of power supplies with Different PFC Types

(None. Passive, and Active)

Semce. this technigue will be studied more firmlv in chapter five




= Equipments for Solving the Problem of Phasc Lag

squipment available for improvement of the power factor can be divided into
main groups, numely capacitors and synchronous motors. Each svsterm has

scular applications.
& Power Capacitors for Power Factor Correction

& factor cumrection depends on decreasing the reactive power drawn from (he
=us needed to operate electrical loads; meanwhile, capacitors are usxl for

viding the required value of reaclive power needed for the operation of those

=
Fu

power factor comrection in indusirial plants, most loads requires a proup of
sacitors known as Automatic self regulating capacitor bank. which is a group of
pacitors, fuses, conmtuctors, circuit breaker, and & controller, all connected on
wallel with the electrical load. that group adjusts its value automatically as required
2lue of reaclive power, that adjustment depends on the value of the reactive load

BC the required value of power factor,

i use of capacitors for improvement of the power factor is reliable, economical
nd practical [or & wide vanety of comumercial and industrial applications. Capacitors
o low voltage are designed for connecting either to individual items of equipment

to distnibution centers, alternatively, banks of capacilors may be connected to
: in bus-bars. High voltage capacitors availeble for individual correction of large
Eu:r; offer many advantages and the rating ol a capacitor used for the purpose

should provide as high a power factor as possible without exceeding §5% of the no-
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magnetizing KVA of the machine. Leading power factor should not be ohtained

Y CirCuUmstances.

Advantages of Capacitors

* Capacitors have no moving parts.,

* They require very little or no maintenance.

* Nospecial structural work or foundations are required for installation.

* Capecitors are flexible and additional units can be installad as g project or
system is extended..

* Comection equipment van invariably be installed adjacent to the machine

concerned.
= Disudvantapes of Capacitors
= They have & shorl service life ranging from 8 to 10 years,
» They are easily damaged if the vollage exceeds the rated value.
* Once the capucitors are damaged, there repair is uneconomical.

3 Types of Power Factor Correction Capacitors

= are mainly two types of power capacitors used for PFC. depending on the

of the desired application:
Low voltage capacitors.
¢ Low voltage capacitors units,
= Low voltage capacitor bank.
= High voltage capacitors.
= High Voliage Capacitors units.

¢ High Voliage Capacitors Banks.
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Elfects of Capacitors

== many effeels caused by capacitors. First, capacitors consume cnergy at the
sboul one Watt per kVAR installed. More efficiem capacitors have been
P To reduce this rate to about 0.5 Watt per KVAR. Another effect is & slight

i voltage can be expecied. And so, there is a chance that resonance may

Seiween the capacirors and otlier eireuit elements in the system.
= Capacitors for PFC in Non-Linear. Non-Sinnsaidal Loads

secently, almost all loads were lincar, such as motors, incandescent lighting and
¢ loads, with the cument waveform closely matching sinusoidal voltase
=erm and changing in proportion to the load. Lately, non-linear loads, such as
Smves. variable frequency drives (VFD), programmiable controllers, induction
== and personal computers, which draw current at frequencics other than 50-60

= mcreasad dramatically.

Srcase in non-lnear loads has led to harmonie distortion in electrical
“wenon systems. Although capacitors do nol cause harmonics, they can
#iele existing conditions. Because harmonie voltages and currents are affected

% & of the cquipment in a facility, they are sumetimes difficult to predict and

Determination of Reguired Capacitor Rating
== ar¢ three methods used Io determine the required capacitor rating. The

ssrement method, multiplier method and curves method, However the multiplier

o 15 mostly used.
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W61 Measurement methods

“amecitors value in kKVARs required for power [aclor correction are determined by

e of the following three measurement methods:
*  Measurement with Current and Power Factor

e sctive power P is caleulated from the measured voltage V. apparent current I

e Power Factor as follows:

. e fesired Cosé, (PF), has been specified. the capacitor power rating can be

soated from the following formula:

£ =Tant e — TG i (+.27
* Meusurements with recordance of Active and Reactive power
e reliable resulls can be oblammed by recording all Parameters ineluding Peak
s for a longer duration. With the recorded parameters, the required KVAR cen

wemved as per the formula given below:

§ = required capacilor raling.

., = measured reactive power.
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= measured active power.

"o = the corresponding value of Tund at the desirad Cosfl

O- =0, ~(PxTanBy, .. b (4.28)

* Measurcment by Reading Meters

# zeriod of total 8 hours, the active and reactive energy necds to he measured and
- L] "

=%l and final readings shall be noted for calenlatin o the required kVAR.

= Imitial Reactive Energy Reading,
~ Final Reactive Encrgy Reading,
S~ Initial Active Energy Reading,

-~ Final Active Energy Reading,

o S
AT A”F _Alifl

With the caleulated Tan 8 and the desirad Cous® | we can derive the capacitor

requirement as given below:

= Multiplication Factor

p=Tant, .. —Tand,,,

= method is only for instantaneous values, The loading pattern may vary from
i time, Hence, care shall be taken while extrapolating these data. A simple

' 15 o Lake several measurements at ditferent times 1o Aave aocurate selection.




w82 Multiplicrs method

s=ming 1o Appendix 1D (Table D.7)., do the fallowing:
' Find the present power factor in column 1.
‘=) Read across to optimutn power factor column,
) Multiply that number hy kW demand.
= to make it easier 10 understand, an example is cnough to illustraic the case,

=ample:

woor plant consumed 450 k'W. was currently operating at 70% power factor and

wanted to correel pawer factor Lo 95%. vou have to:
bl :

1) Find 0.70 1 column 1,

7) Read across to 0.95 column, vou will find 0.691 which ic called the
multiplier.

3 Multiply 0.691 by 400 kW 10 zet 310.95 (round to 311).

%) You need 311 kVAR to bring your plant to 95% power factor.

8.6.3 Curves method

Cngtimal poser faaror

¢ 2 04 06 05 10 [2 14 LS 15 28
2

Capacitor kVar AW loag

‘RE 4.14  Curve for determining required kKVARs of eapacitor per kW for PEC




= Types of Reactive Power Compensation Systems using Capacitors

factar correction 18 a frequently misunderstood topic. lmproper techniques can

©om o over-cortection, under-correction. #nd harmorie resenance, so it is
sessary to Scleet the correct System and sizing for Reactive Power Compensation.
“owmg  loading panems are considered for the selection of Suitable

peciior Reactive Power Compensation Syslem.

7.1 Steady Loads

* Fixed Capacitors

o Stcady Loads, the Capacitors can be connected across the terminals, A correctly
e Capacitor installed in parallel w ecach Individual Inductive Loads like Motor
= mmproves the Power Factor. When load levels are high, a shunl capacitor system
o =ghly beneficial, However, when the load drops off. the capacitor poses more
= o the System compared to its benefits, An excess of capacilance in service can
= 1o higher than desired voltages, excessively leading power factors, and

Ssem=nce phenomena.

FIGT'RE 4.15Fixed-value compensation capacitors

“oce Fixed Capaeitor as a umit 15 extremely compact in design and non-polluting

sesuse ol the dry type design. Another advantage, fixed capacitor is easy to install
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W maintenance-free. Also it can be used for 2 wide number ot applications like
S=bine applications, Harmonie Filler technelosy ete. And so it reduces the

= Power on the cabling including cable feeding the Motors.

» Banked Capacitars

p== Capacitors are used wherever the KVAR Reguiremnent 1s high und loading

15 constant like in a Spinning Mill.

= Manual Switched Banked Capacitors

pually switched Banked Capacitors are used wherever it is necessary 1o operate
o siep of the Cupacitor bank individually in a manual fashion depeading on the
AR requiremient like i an Industry where the machines are operated based on
30%, and 100% loading. Each capacilor circuitry pertaining to the particular
2 pattern ean be operated individually through Capacitor Duty contactors and

= Buttons for switching on and off.

*  Aulo Swilched Banked Capacitors

L wpes of Capacitor Banks are commonly used for Individual Motor
wmpensation, wherein the Capacitor is switched ON afier 2 period of delay from
8¢ Switching ON of the Molor. The delay is basically introduced, since the Inrush
==t of Induction Motor is usually 7 to § times higher than the rated current.
Semce, to avold such higher magnitude currents through the capacitor, time delay is
~seoduced throuph & timer circuit. Auto switching on and off is controlled through
- mirol Contaetor enermzed through the Motor Conirels along with provision for
S0 Manual Selector Switch.




FIGURE 4.16 Automatic-compensation-regulating equipment
72 Varying Loads
aatic Power Factor Correction Systems (APFC)

sesent dav cleetrical networks cater 1o a variety of loads ke UPE, Soft Starter

which dynamically flucuates and «creates waveforms distortion therehy

esitaling an APFC Swstea, which is self adaptable with short reaction times for

sremely fluctuating power levels.
efits of an APFC System

To minimize line losses, thus saving power consumption

Improvement in Voltage Regulation

Avpid manual disraptinns

Longer life for all electrical circuits, cables, bus-bars, switches, motors etc.

Avuidance of motor winding failure and end termination darkening or bum

ots,




s of switching in APFC System

« Contactor Switching.

« Thyristor Switching.
Principle of Operation of an APFC System
- Factor sensing is done by the APFC Reluy (Reactive Power Controlier),
- sends the eontrol signal Lo the switching device (Contactor/ Thyvristor). The
“hinz device senses the command from the relay and swilches the reguired
Pl stages.

System Response Time

. is the time taken from the moment when PF is changed from unity o pooT, o

Leme Svstern brings it back to near unity.
wotal delay ean be divided into two parts:
Delay in the APFC Iclay (the time raken to sense the PF Changes and to

deliver suitable output commands fo the Switches)

Delay in the Switching Device (the time taken to receive the command from

the APFC Relay to the time when the capacitor is brought in and out from the

circuit)
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FIGURE 4.17 Busic principle ol operation of an APFC system

455 Where to Install Correction Capacitors

*  Global Compensation

capacitor bank is conneeted to the bus-bars of the main distribuion board for the

wallation, and remains in service during the period of norma! load.

=== [===]
=1 Ny & [y
ol - I

FIGURE 4.18 Global compensation
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* Compensation by Sector

sucitor banks are connected 1o bus-bars of cach local distribution board.

0
@,
~
A
SRR 2 2 I
LIy = i
u.‘.-.EHT"] -3 EE ;
St e
= ==
A D B
b i | S 2 \._f-‘j

FIGURE 4.19 Compensation by seclor

» Individual Compensation

seators are connecled directly to the terminals of inductive circuit. The KYVAR

mene of the capacitor bank is in the order of 25% of the KW rating of the motor,

9 Considerations Taken when Installing PFC Capacitors

See deciding which type of eapacitor installation best meets your needs, vou'll

= o weigh the advantages end disadvantages of each and consider several plant
menies. meluding load 1ype, load size, load constancy, load capacity, motor
=ngz methods and manner of utility billing.

* Load Type

sour nlant has many large motors, 50 hp and above, 1l 15 usually economical o

. one capacitor per molor and switch the capacitor and motor together, If vour
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® consists of many small moters, 0.5-25 hp, vou can group the motoers and install
sapacitor at a central point in the distribution sysrem. Often, the best soluton for

=55 with large sand enall motors is Lo use hoth types ol capacitor installations,

* 1 pad Size

“aties with large loads benefit from & combination of individual lozd, group load
- Sanks of fixed and awtomatically-switched capacttor vnits. A small facility. on

“iser hand, may require only one capacitor at the coutrol hoard.

* Load Constancy

facility operates around-the-clock and has a constant load demand, fixed

et B N

offer the greatest economy. If load is determined by eight-hour shifts six

& week. vou'll want mors switched unite to decrcase capacitance during Emes

paced [ead,

* Load Capacity

= feeders or transformers arc overloaded, or if you wish to add additionzl load
=2ly loaded lines, correction must be applied at the load, If your fucility has
= mperage, you can install capucitor banks at main feeders. Tf load varies a
“eal, actomatic switching is probably the znswer,

= Liility Billing

s=verily of the local eleciric wtility tarifl for power factor will allecr your

In many areas, an optimally designed power factor correction system will
o tselin less than twa vears.




*17  Synchronous Motors for Power Factor Correction (Condensers)

“melirenous motors can be operaled at power factors from unity to 20 leading and
= sometimes used for plant power facior correction. The motors are usually
Sesmed to operaic 4t a particular power factor, ofien between 100 ner cent and 80
c=nf leading. When the over-excited synchronous motor is used only for POWCr
=0T Luprovement is it is known s a svichronons condenser,
wmdenser is an older word [or capacitor. It has been shown an overexcited
Feeronous motor deaws leading power factor from the lie. When there is no
~anical load on the motor, the AC input power is onaly enough 1o supply the
sies of the motor (Friction, windage, eore losses, and copper losses), These |osses
suite small, and the mackine power factor is practically zera. The power angle &
Sand 8 == 90° When I, is adjusted so that T, is greater than the terminal nhase
Bave, U= % 90°, the machine acls very much like a capacitor bank . Centrol of the
i curren provides smooth control of the leading VARs. A synchronous machine
signed for this kind of service s eq dlled a synchronous condenser. Synchronous
densers are usually tolally enclosed. The shafi does not extend ouiside the case of
machine. Tt is often found thal, when a large number of VAR needs to he
lied to 1 power system. & synchronous condenser is' more ceonomical than
dinary capacitors. [6]

synehronous condensers are generally used at major bulk supply substation for

POWCT factor improvemnent.

sarce synchronous motors are used on svstems with long transmission lines for
ower factor correction, and hence vollage regulation. In industrizl practice, the
imclironous motor has heen largely supcrseded by the capacitor, the cost of which,

3 relatlon o rofating plant, is very low,




I Advantages

By varying the ficld excitarion, the magnitude of current drawn by the motor
=i be changed by any amount. This helps in achieving step-less control
power facior,

The motor windings have hi £h thermal stability to short cironit currents,

*  The faults can be removed easily,
= Disadvantages

There are considerable losses in the motor.,

* Ihe mainienance cost is high.

* It produces noise.

= Exceplin size shove S00 XV A, the cost is greater than that of slatic capacitor
of the same rating,

* A5 a synchronous has no sel Istarting torque, therefore, an oy xiliary

“qupment has to be provided [or this purpose,

Power Factor Correction vs. Harmonics

Harmonics

==oaic distortion is & specific Lype of dirty power that is usually associated with

sdustrial plant’s increased use of adjustable speed drives, power supplies and
devices using solid-staic switching. However, harmonic distortion can be
od by apv of g vanety of non-lincar electrical deviees existing within g
“acturing plant or within nearby plans,




© Sarmoenic is & component of  periodic wave having a frequency that is an intepral
“ople of the fundamental power line frequency ol 50 Hz. For example, 250 Hz is 2
= order harmonic of the undamental Irequency as shown in Figure 4.20, Fimire
= shows e resultant wave when the fundamental and fitth harmonics are

stined. The result is harmonie distortion of the power wavetonn.
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FIGURE 4.20Fundamental and 5th Harmonice

Time

FIGURE 4.21 Fundamental and 5th Harmonic Combined
“%2 Types of Harmonics

* Current Harmenics. which means a distorted cugrent waveform. Usually it is

of most concern when improving power factor.




Lidustrial

Table 4.1

Voliage Harmounies, which means a distorted voltage waveform. This one is

almaost negligihle in contrast with the eurrent waveform harmonics,

Common sources and problems of harmonics

Adjustable spaed drives,
Welders, [ ighting
systems, rectifiers, arc

Over-heating and fuse
blowing of power factor
currection capacilors.
Orver-heating of supplv

furnaccs, soft starters, iransformers,
stalic compensators. Tripping of aver-current
profection.

Commersial

Compurers, Eleetronic
office equipmenl, lighting.

Residential

Over-heating ol neutral
conductars and
lranstormers.
Interferenes,

Personal computers,
lighting, electronic

devices,

Generally not 2 big
problem, however, high
densily of electronic loads
could cavse over-heating

| of utility transformers.

Table 4.2

Bad Effects of Harmonics on Eguipments

e 1 P

Heat. .

produce magnetic ficld

rolaling at a speed

Resonancc. Short eircoits
Capucitors Dielgciric matenal : *
Z Fuse failure,
breakdown, ; .
Capacitor explosion,
Heating,
Inereased copper and
Current harmomnics core losses,
Transformers cause higher Insulation stress.
transformer losscs. Noise.
Reduced life.
Skin effeel.
Increased losses, Heating,
, Harmonic voltages Vibration and noise.
Molors

Increased copper and
iron losses in stator




corresponding o the
harmanic frequency.

and rator,
Reduced efficiency.
Reduced life.
Voltage strezs on
insulation of motor

windings.
ESl: Blowout coils may not Failure 1o inrern
Circuir breakers b el 'I P CLIERE S
LTETAtE property. carrents.

Eleciro-mechanical
mduction disk relays

Additional torgue
produced and alters the
tme defay
charactenistics of the

relay.

Incorrect tripping of
relays.

Watt-hour meters

Addmonal torque on
the induction disk
cAusing improper

opéeration

Incorrect readings.

Lanex

Inductive coupling
interference.

Induetive coupling
between power and
telephone lines,
Telephone Inlluence
Factor (TTF),
Additional losses.

semonic flters.

Harmonics Filters

Solution for the Problem of Harmonics

* power factor correction is required in the prasence of non-linear loads, or the
et of hanmonic distortion must he reduced to solve power guality problems or

| penalties, the most reliable, lowest cost solution is offen realized with the use

=mber of harmonic mitigation techniques can be mentivned as follows:




.1 Passive Technigues

~at connected harmonie filter or harmoenic-suppression reactors. This is achieved
" e addition of a harmonic-suppression inductor connected in seres with the

pucitor bank.
1. Passive Filters

seve filters are ollen employed to reduce the current harmonics generated by
Sers. The filter network is designed w0 pass the fundamental frogueney
moonent and o aitenuate other frequencies, based on the principle of tuned
swoance. Taned resonance referred to insertion of RLC circuits into the network for

surpose of providing a low impedance path al harmonie frequencies,

seive filters can be of three main approaches as shown in fisures 4.22(a), 4.22(b),

g 4.22(c),
_éi- i l @ 15 \/}f
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SIGURE 4.22 Passive filters. (a) Tuned low pass filter. (b) Broad band filter. (c)
Combination of low pass and broad band fileer




“owing fipure (FIGURE 4.23) shows an ofi-line power supply without mput

sarmame flration,
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FIGURE 4.23 Without harmonic filtration, switches 83, 4 & 5 arc opened

iy are the simulation results gencrated using SIMPLORER software,

g input voltage & current,
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FIGURE 4.24 Inpue voltage waveform at 220 Vo,
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FIGURE 4.25 Input current wavelorm at 220 Vo input voltage

e previous figures, it has been noted that eurrent wavelorm is not only highly
<d. but also with phase shifi align with input voltage waveform

“lowing table displays the harmonic content of the input current numerically

= adding passive harmonic filters.

Iable 4.3 Current harmonic distortion at 220 Ve input voltage

IHg finu A
0s 7.2078m
0.BSk 3.70A02
1] | p.7oEG:
015K ' 01645
0,25k £4959m
035k 22.268m
0.45K 12.7854m
0 55k 8.2483m
065k 7 2078m 3

spcared from the previous table that the input current has harmonic content of
3.5, 7,9, 11 & 13, which means high current distortion.
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FIGURE 4.27 Output valtage wavelform at 200 Vo, input voltage (190 VDC)

| s WALy
-3
erIII .....
- = =
;hul
=
] jud-d = - i e i 1 Eij

FIGURE 4.28 Oulput voltage waveform al 220 Ve Input valtage (210 VD)
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& the previous figures (427, 28 & 29) it is clear that output DO voltage is

=« and incresses with the increase of mput voltage, meanwhile: wiregulated
=t DC voliape.

Sllowing fipure (FIGURE 4.30) shows an off-line power supply with input
==t harmonic filtration.

kY

?

e LQ

J T (
4 uﬁ;_]g % |J |

FIGURE 4.3 With harmonic filtration, switches 83, 4 & % are closed
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© o1 circuil has the following parameters:

L1 =400mIT.
RE =0,
1.3 = 200mH.
C3 = 5.6uF,
R3 =162
L5 = 100m1,
C5=4.4uF.

wing are the simulation results penerated using SIMPLORER sollware,

“ong nput voliage & current.

gan Wi ERF-A

8, lBm Fm dew a s= Er Tm cdEm Bm 0 e

FIGURE 4.31 Input voltage waveform at 220 V.

-l

e previous figures, it has been noted that current waveform now has o
SEIC content a8 in the case withoul & harmonic trap filter, but st therc is a

Sl align with input voltage waveform,




“ollowing tahla displays the harmonic content of the input current numencally

sdding a passtve harmonic filter,

Table 4.4 Current harmonie distortion at 220 V. input voltage

C.15K =
025k =
0.35k =
D45k -
055 —

0E5x -

sopeared from the previous table that the input current only has the fundamental
e which is on the fundamental source {reguency (53011z). and the other
smomics were absolutely killed, that is because of the well chosen harmonie Rlter's

mctors,

FIGURE 4.33 Graphical display of Input corrent harmonic content
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FIGURE 434 Outpur vollage waveform at 200 Vi, input voltage (400 VDO)
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FIGURE 4.35 Ouput vollage waveform at 220 Vg, input voltage (420 VDO)
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FIGURE 4.36 Output voltage waveform at 240 Vi mput voltage (380 VDC)

» the previous figures (4,34, 35 & 36) 1t is clear that output DC valtage is
===ie and increases with the increase of input voltage, meanwhile; unregulated
ot DC voltage.
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2. Mukli-Pulse Mcthod

“Ser approach to reducing current harmonics of three phase rectifiers is the use of
fimg transformers. Multi-pulse methods involve multiple eoatveriers
“ecied so that the harmonic generated by one converter are canceled by harmmonic
by othier converters, By these means. certain harmemies, related to the
#er of converters, are eliminated from the power source.

womes are smaller in magnilude, and also casier to Slter out.

The remaining

oree phase rectifier cireuit with three phase Diode Bridge is known as # cix

= rectifier because the diode ouiput voltage waveform contains six pulses por AC

senod. The vutput voltage ripple has a fundamenta; frequency that has six fmes
AL line frequency. Tt is possible to shifl the phase of

-

seunngz three phase transformer I vanous wavs.

the AC line voltage hy

Since harmonic current
=om in mulli-pulse methods is fed from phase shifiing, the resulting phase shift
Sanstormer must be appropriate.

FIGURE 437 A twelve-pulse rectifier cireurt

=memul the phase shift required for

cancellation of current barmonics in
=S with six-pulse waveforms i given hv:

; -6
2. ﬁq&ab‘ﬁ;ﬁ E=3S : - o
Number.uf Con S (4.31)
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sxample, twelve-pulse scheme reguires two six-pulse converters, which results in

shase shift, Since passive methods of harmonic mitigation are useally bulky and
Wi only at a specific design point, active merhods are employed at low and
S power applications. A somple wav to obtain high power factor for three

s 1= (0 use three single-phase power factor correction circuits, one per phase.

S8 41 Actlive Technigues

== Alters are based on power electronic technology, They are pencrally installed
lel with the non linear load. Active filters analvee the hermonics drawn by the
¢ and then inject the same harmonic current to the load with the appropriate
As a result, the harmonic currents arc lotally neutralized at the point

sdered, Aclive filters may provide also power factor correction,

*. Combining Three Single-Phase PFC Stages

schome utilizes three PEC units; this method is shown in figure 4.38, connected

2 and Y-connections.

A 7§ ; _W:D oAy ) ‘
. B J El Lix “.
i |
[ | +x "| . L]
[’Ir; : | u_‘l -
TE
§a . iR
= ol —H 1
i i

“LRE 4.38 Combining three single-phase PFC stages, () A-connection. (h) Y-

connection
revous method has several disadvantapes:

= The number of components required is three times the single phuse AC-DC

CONVETTET.
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* [heinteraction among phases severely affcets the eurrent quality.

* Complete climination of harmonics from the input line eurrent can mot he

achieved.

&

Single-Switch Boost PFC. for Three Phase

srcuit diagram of this methad is shown in figure 4,39,

. S

FIGURE 4.39 Single-Switch Boost PFC for Three Phase

== s rectifier has a single active switch without a need for @ complex control

¥, 1115 suitable for low-cost-low-power three-phase AC-DC apnlications.

*r

=eut current THD) can be reduced Lo 2 certain degree by modi
amable duty eyele and variable switching frequency.

fied model, such

5 Six-Switch PWM Boosi Rectifiers

nigh performance is required, 2 PWM boost rectifier is used due to its good
= quality. The circuit diagram of this methad is shown i figure 4,40,
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) DC
—-—rpd Rectifier . Link Load

FIGURE 4,40 Six-Switch PWM Boost Rectifier
six switches are controlled to producs sinusoidal nput currenls. For praper

ol the DC output voltage should be greater than 1,65 times input line to line
“ze. The main disadvantages of this scheme are Complexity and relatively higher

3 Hybrid Techniques

ape of filter combines advantages of passive and acrive filter. One frequency
%¢ filtered by passive filter and 2l the other irequencies are fltered by active

FIGURE 4.41 Operation Principie of 1vbrid Filters
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&5 Advantages of Harmonic Filters

» Provides power factor correction.
* Prevents harmonic over-voltages due (o résonance.
* Roduces voltage harmonic distortion and transformer harmonic leading at

frequencies shove its turning-point.

FIGURE 442 Input Characteristics of a Power Supply with PFC

bl e

S

3 5 7T % oTm BN o1
Harmonic Mumber

FIGURE 4,43 Harmonic Content of the Current Wavelorm in Figure 442
Capacitor Bunks and Transformers Can Cause Resonance

== and trunsformers can create dangerous resenance conditions when

s banlee are installed & the service palranee:




these conditions, harmonies produced by non-linear devices can be amplificd
» .;;.l]d.

senant harmonic (harmonic order) can be estimated using the following formula;

W

= fault level a1 the costumers entry point (EVAR).
= The Harmonie Number refemed to a 50 Hz Base (Harmonic order).

= Capacitor kKVAR,

= 15 near the values of the major harmonics generated by a non-linear device (3.

~ ) then the resonance circuit will greaily increase harmonic distortion. In this case

=spacitors should be applied only as harmionic filtering assemblies,

T Effect of Resonance on Power Factor Correclion

* important to avoid parallel resonance ot a frequency which is ¢lose 1o a
weency of & harmonic current of the distorting load. The common practice 15 1o

¢ the capacitor bank so that the lowest order load current harmonic sees a very

~ impedance,
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FIGURE 444 Verstion of the impedance with harmonic order for different
capacitor banks

s could be achieved by adding an inductor in series with the power factor

~emection capacitor leading to 2 situstion commonly known as series resonance.

—i

FICURE 4.45 Purallel combination of power system tmpedance with power factor
cormection impedance

% e frequency where serics resonance (akes place the impedance seen by fhe

S=monic current is small as shown in tigure 4.44.
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FIGURE 4.46 Vuriation of the impedarice with deluning industor

hence, the power fuctsr comectivn capacitors together with the detuning

wuctor work as a harmonic filrer redueing the valtage distortion.

Ses been noted that the capacitor still provides the fundamental redclive power

“ils working as a harmonic filter,
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CHAPTER FIVE

PROPOSED PRACTICAL DESIGN

Intraductivn
High Boost Puwer Factor Correction pre-regulator cireuit
Basic principle of operation

Design of a single phase High Boost PFC ore-regulator

Calculations

Simulation
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Introduoetion

converter topology is used 10 accomplish active power-factor correction in
» discontinuous/cantinuous modes. The boost converter is used because it is easy

“=piement and works well. It is also considered as the hear! of power factor

@W‘"ﬁg

bis f

Pt
“ CONTROL
— " RIN

SRGURE 5.1 Single stage Active Boost Power Faclor correction pre-regulator

]
]
{

Q1

o ()

% project, 1t is intended to provide a comprehensive switched mode power
 (SMPS) with resulting in PFC for the mains source and 2 high regulated DC
voltage.

=apter discusses the designing issues ol a single and three phase Boost PFC
sapplied with mathematical enalysis of used electric eireuits (power &
= align with simulation opportunities, and finally provides brief results and
“wans of the whole work fom the theorelical sige
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~ence; the implemented practical cireait is just for a single phase criteria, whereas
¢ three phase, it 1s the same principle but with modifications and certain additional

“eomiry, multiplied by three times than that of g singlc phase one.

~ = High Boost Power Factor Correetion pre-regulatur cireuit

of the electric equipments today, weather used in industry or ss home
wes, contuins o fixed form of power supplics, those power supplies are
Jv known es off-line power supplies (switched mode power supplies —
8.

SMPS's contain an AC inpul source (1S 110-115 VAC ¢ 60 Hz or LUK 220-
S AC [ 50 Hz). a rectifier for the conversion from AC inte DC voltage, a

«, and then other circnit clements as required.

sed early in the previous chapters (chapter four), the occurrence of such
supplics forces the input current to be consumed as pulses, which means
Sstorted current wavelorm, which in tums results in a low PE and affects the
sperational cfficiency of the whole system, and meny other problems as stated

{owr.

fere, is to provide an additional circuitry for controlling PF and leads it to
=y, Also o provide a high regulated DC output voltage that can be then
* i an AC source by means of an inverter cirvuit to give a regulated and
AL voltage under any {ransient cases or variations in the main input

@ loads connected to the mains.

“¢ circuit main goal is to force the current follow the shape of tha input

wwlorm. This ides is called average eurrent mode control,




1 PFC cireuit is an acrive technique for achieving PFC, iU’s simple confisuration
& SMPS followed by a DC-DC converter (step up DC chopper), filtering capacitor
FWM contraller tor the chopping process.

=s of the high Boost PFC pre-regulator circuit

An active technigue for I'FC activities.
Ueals with both phase shifl and harmonic contert of the input current.
Conrrol Boost 'WM (o 0.99 Power Factor.
Lt Line Current Distortion To <52,
World-Wide Operarion Without Switches,
Feed-Forward Line Regulation.

Average Current-Mode Control.

Low Noise Sensitivity.

Low Start-Up Supply Current.
Fixed-Frequency PWM Drive.

Low-Offsel Analog Multiplier/Divider.

LA Tolem-Pole Gate Driver,

Precision Vaoltage Reference,

Lower costs,

Lower losses.

Fast response.

Lower mainlenance.

Quist operation.

Basic principle of operation




A power factor corrector is basically an AC 1o DC comverter, and is usually based on
2 SMPS structure. The basic lunctional blocks of a Power Factor Correcter are

Sown in figurc 5.3,

e W
1

AT A PR f.p-rm ?.' ] sug::'-.:-
| | B | il ovwur
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[ BS raacs. | e

FIGURE 5.2 Simplified hlock dingram of a Pawer Factor Corrector (PFC)

sandard SMPS uses Pulse Width Modulation (PWM) to adjust the amount of
= 1t supplies to the attached equipment. The Pulse Width Modulator controls the
= switch, which chops the DC input voltage inte a train of pulses. This train of
= 1= then smoothed, producing the DC cutput voltage.

eaiput voltage is then compared with a voltage reference representing the

e desired by the equipment being supplied, and the resulting veltage difference

‘= voltage) is fed back to the input of the PWM, which varies the width of the

= © supplies accordingly, if the output voltage is too high, the pulse width is
and thus less power 1s supphied, and vice versa.

== voltage is modulated with a signal derived from the rectified AC mains,

Seng fed to the PWM input. This means that the width of the power pulse
%o the output device depends both on the hasic error voltage and also on the

seous value of the mains voltage. The PFC thus draws more power from the
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when the level of the mains voltage is high, and less when it is low, which

i a reduction of the harmanics in the drawn current

¢ ume this cycle is repeated. the PFC bulk capacitor has 1o he fully charged
% 18 fully discharged when the PWM switch is closed.

this method, the PFC bulk capacitor does niot have to be that large because 1l ix
sowering the output all by itself: the PFC inductor is helping out as well.

Design of a single phase High Boost PFC ore-regulator

ng is the Block diagram of the Boost PFC circuit implemented with power
on software (PSIM),

o A S e T L T

— ' §iap e 3
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T L Y

witn Powar Faolby Cpr=aétion "'E

—— g — = >

e

1.3W 10vRrE) 3¢ b
; i
| ak

BB W | Pnlel OS] e wleslsle ploly wl

. Bt | St [OR| dieniee [RRnt e

= 5.3 Comprehensive Block diagram of the Boost PFC circuit on PSIM
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the block diggram, the simple principle of operation is thai the cifeuit corrects
#F according to the consumed current, it is known that when consliming more
trom the supply, the PF is going down and down. meanwhile; low PF, due to
sresence of inductive Joads that consume reactive power which in turn result in
shift between cyrrent and voltage, or because of the occurrence of current

nics due to the presence of non-linear loads such as rectifiers for example.

“eaut senses the input voltage, mulriplies with a gain of about 6.02 to attenyare
e the absolute value, muitiplies with a reference voltage, and

valize of the boost current in terms of vohage.

subtracts the

“peration results in an error signal which may increase or decrease due to the

or decrement of sensed voltages and currents.

swor signal is usually of 2 emall value and not enough for triggering or driving
thus: the cirepit should use gn amplifying device tp amplify that error

Sere it is preferred to use a PI conuoller to increage amplitudes and system
ume

s=plifying the trigwering signal. it should be then get into a limiter to limit 3 an

range of the operation, and the resulted valie is to be fed
of a comparator.

to the positive

tor main goal is W compare hetween the error signal and a reference
%= by simulation tests, and it is

& frequency of 20 kHz.

of triangular waveform with amplitude of 10

148




¥ e error signal is larger than the roference one. the output of the compatator is
ok which in tum drives the gate of the MOSFET to prevent the current from

gms=ng to the oulpul.

e duty oycle of the gating of MOSFET is absolutely dependent on how much
t is consumed in terms of volts. If it exceeded the reference value the
SEET is om, if et the MOSFET is off, and so o

design of a full practical single phase Boost PFC circuit was designed using

| software. The following figure shows the whole cirout arrangements.

'RE 5.4 Complete single phase Boost PFC circuit implemented on PSIM
sOTtware

149




srowit comtains various hardware with various parameters, eontaining the

AC source with any ranga between 80 & 260 VAC, and frequencics between
S0 & 400 Hz.

Bridge rectificr for the conversion from AC into DC voltage.

Filtering capacitor to filter the owput DC voltage of the rectifier ( 0.47uF).
Boost inductor with rating of about ImH.

MOSFET (TRF840),

Inrush diodes to prevent the effect of reverse currents that may damage the
kardware such as MOSTET and other components a3 a proteclive step.

High voltage clectrolytic output capacitor of about 450470 pl° /450 V for
reculating the putput DC voltage to about 400 VDC,

PWM / PFC controller (LIC2854).

Various values of various resistors & capacitors for vollage and current
division activities to achieve kind of protection for the contralling IC.

ser informatior: ahout the previous elements, refer to APPENDIX B - DATA

»st important two elements of this project is the MOSFET and the PWM /PFC

giler 1C that drives the MOSEET.

L2854 (PWM / PFC controller) provides active power factor correction for

systeme that otherwise would draw non-sinusoidal current from sinusoidal

rEnes

Sevice implements all the control functions necessary 1o build a power supply

of opimally using available power-linc current while minimizing line-
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sement distortion, Te do this, the UC2854 contains a voltage amplifier, an analog

weltplier/divider, a current amplifier, and a fixcd-freguency PWM.

wddiion, the UC2854 contains a power MOSFET compatible pate driver, 7.5V
, line anlicipator, load-enable comparator, low supply detector, and over-

L comparatar,

UICI854 uses averuge current-mode control to accomplish fixed frequency

control with stability and low distortion.

- current control accurately maintains sinusoidal line current without slope
ation and with minimal responsc (o noise transients. The UC2854 s high
voltage and high oseillator amplitude minimize noise sensitivily while fast

elements permit chopping frequencies ahove 200kHz.

2854 can be used in single and three phase systems with line voltages that
b Sem 80 to 270 volls and Tine frequencies across the SOHz to 400Hz range. To
“he burden on the cireuitry that supplies power (o this device, the UC2854

low starting supply current.
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FIGURE 5.5 Data sheet block diagram of the 1JC2354

PIN configuration of the UC2854

Fin 1) (Ground): All voltages are measured with respeet to GND. VOO and
should be bypassed directly to GND with an 0.1uF or larger cerumic capacilor,

Wmang capacitor discharge current also refurns to thie pin, so the lead from the
fiming capucitor ta GND should also be es short and as direct as possible,

(Pin 2) (Peuk Limit): The threshold for PRLMT is 0.0V this input is to be

to the negative voltage on the current sense resistor RS,

(Pin 3) (Carrent Amplifier Output): This is the oulpul of a wide-bandwidth

Tt senses line eurrent and commands the pulse width modulator (PWM) to
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== the correct current. This output can swing close to GND, allowing the PWM 1o

zera duty cycle when necessary.
=arrent amplifier will remain active even if'the IC is disabled

'SE (Pin 4) (Current Sense Minus): This is the mverting inpul to the eurrent
“her. This inpur and the non-inverting input MULT OUT remain functional
= to and below GND.

LT OUT (Pin 3) (Multiplier Output and Current Sense
The output of (he analog multiplier and the non-inverting input of the current
ser are connected together at MULT QUIT,

{¥in 6) (Input AC Current): This wnput to the analog multiplier is & currcnt. The
obier i tailored for very low distortion from this curvent mput (1AC) to MULT
. S0 this iy the only multiphier input that should be used for sensing
staneous line voltage, The nominal voltage on TAC is 6V,

Out (Pin 7) (Voliage Amplifier Output): Thiz is the outpul of the op amp that
L output voltage. Like the current amplificr, the volta ge amplifier will stay
svenaf the IC is disabled with either ENA or VOO,

=eans that large (eedback capacitars across the amplifier
ey charged through momentary disahle cycles. The voltage amplifier output is
S=aly limited to approximately 5.8 V 1o prevent overshoot,

S (Pin 8} (RMS Line Voliage); The output of a bovst PWM is proportional to
voltage, sa when the line voltage into a low-bandwidth hoost PWM voltage

T changes. the outpul will change mmmediately and slowly recover o the
= level.




For best control. the VRMS voltage should stzy between 1.5V and 3.5V,

REF (Pin %) (Voliage Reference Qutpur): REF is the output of an accurate 7.5 V
soltage reference. This output 1% capable of delivering 10mA to peripheral circuitry
and 18 internally shon creut current limited. L

S E5F 15 disabled and will remain at 0V when VCC 1s low or when ENA 15 low.

CENA (Pin 10) (Enable): ENA is a logic inpul that will enable the PWM autput,

Wit=ge reference, and oscillator.
A also will release the sofl start clamp. allowing 88 1o rise

SE (Pin 11) (vollage amplifier inverting snput): This is normally conneeted to
ack network and to the boost converter output through a divider network.

(Pin 12) (oscillator charging current and multiplicr limit set): A resistor from
0 ground will program escillator charging current and meximum multiplier

e output carrent will nol exeeded 3.73V divided by the resistor from RSET o

12) (sofl start): S8 will remain at GND as long as the IC is disabled or VCC
wow. 88 will pull vp 10 over 8 V by an internal 14pA current source when both
secomes valid and the 1C is enabled, 8§ will act as the reference input to the

amplifier if 85 iz below REE.

= 14) (ascillator timing capacitor): A cepacitor from CT to GND will set the

secillator frequency according to this relationship:
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1.25

SCC (Pin 15) (Positive Supply Voltage): this Pin should be connecied 1o a stable

-¢ of at least 20mA above 17V for normal operation. To prevent inadeguate GT
D8V signals, these devices will be inhibited unless VCC exceeds the upper under-
“rase lockout threshold and remains above the lower threshold.

DRV (Pin 16) (Gate Drive): This output is internally clamped to 15V so that the
can be operated with VCC as high as 35 V.,

Prin cipha of uperation

V2RS4 controller receives four main sensing signals: VSENSE, IVAC, VRMS
SSENSE.

W& the internally built in multiplier ¢ divider, the UC2834 multiplies both VSENSE
% AC, then the resul is divided by the VRMS square.

sesult is in fact 2 current now this current is compared with the TSENSE.

- there was @ difference or not. that controls the PWM signal to be gencrated

« and how much pulses required to compensate for ncremental drawn mains

Caleulations

fm-"..]'ﬂr.'.r' == L.
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Simulation

Single phasc Power Factor Correction

wing figure shows an SMPS circuit without the usage of PFC technique.
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FIGURE 5.6 Single phase circuit withoul PFC

g, the simulation results are represented with PSTM sofiware for input
current, PE. DPI and input current harmonic content waveforns.

158




N - _

T

A

Ly
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5 O summarizes the functional block diagram of an active high boost PFC pre

ator cireuit,
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FIGURE 5.9 Single phase with PFC block diagram

swing figure shows the internal functional block diagram of the PWM \ PFC
sler ( UC2854)
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5.11 illustrates the complete practical circuit of the active boost PFC circuit
the whole configurations
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FIGURE 5.11 Single phase PFC practical circuit

the simulation results are represented with PSIM sofiware for mput
current, PT, DPF and input current harmonic content wavelorms after PFC
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FIGURE 5.12 Input voltage, current, PF & DPF wavelorms after correction

| | |
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FIGURE 5.13 Input current harmonics content alter correction
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FIGURE 5,15 MOSFET PWM gate drive signal

the sinple phase boost PFC results in a regulated outpat DC voltage, there is a
“hance to utilize that voltage by converting it into a regulated AC voltage using
sesl PWM inverter followed by a transformer with a suitable ratio to sct 220
=0 AC voltage along any technological process. And figure 5.17 appears the
=d output 220 VAC.
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URE 5,16 Complete single phase Boost PFC with regulated AC output circuit

<. this part is discussed only from & theoretical view, not 1o be implemented
Ty
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Three phase Power Factor Correction
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FIGURE 5.18 Three phase circuit without PFC

previous ligure implements simple configuration of a SMPS without PF C. while
Sllowing figures show its input phase voltages. currents, I'F, DPF and harmonic

7t of the input phase currents wavelorms
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5.20 Inpul current harmonic content of the three phases betore correction
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221 summarizes the functional block diagram of a three phase active high
PFC pre - regulator eircuit
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FIGURE 5.21 Three phase PFC block diagram

522 illustrates the complete practical circuit of the three phase active boos!
“rcuit with the whole configurations.
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FIGURE 5.22 Three phase complete circuit with PFC

tollowing figures show the input phase voltages, currents, PF, DPF and
=onic content of the input phase currents wavelorms of the three phase boost
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= llowing represents the gale drive signal of the MOSFET by means of three phase |I
M conrroller.

FIGURE 5.25 MOSFET PWM gate drive signal
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