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T T

T T T T T T T T
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rnobanHo Bp3 HaeaneHa pamHuHa 4,6 kWh/m*2 geH
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rnobanxo xopusoHTanto 4,0 kWh/m42 geH
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ZOMEBSC OO dzO0 o jltesls j 0203 dO LO sflsdddL deos
COBRE d dzO o j s tohgysistss jfHERjOS @ D BSHjdd L O f
BGOLHO d ftdj. [j©j° OBO o®OHLESEY jtsi0jsizasO
gl stesOydd LO Ekfmdsedls] dO d&sCOyd 0O d
OO&dL sy Mj HeMsOf dd oL ddydd § O&jslEd j Bz
LOodfd BH yjddlsj d BLOjisjtEcddls s S skt j g
fesjChels hiss 6 LdBO ot fjHadH Mdlsj o0Ld:

#lsOyd tsdzd tc O dzq HOdzj yd dzim ¢ d SeDfR 2ot Detedtion fraf
Ranging) d Li DAR (Light Detection and Ran
HeMIsOfdzd LO djted ' dz2O BtoL dzOISO dzO 9o j stesls,
ted Mtemd ot twOLddyded ItsyS¢d ot ttOBECdIlsy dO
Yj &ZOO fsoteh dqdzO BSYWOIj dofgs] (-FEC LY Jddf ¢ 0§
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IMdzso dlsj dzO HBBKOIO MteOlsjecd O LO doddlsstcdteC
fjtomMsdzOdz d OHJjSCoOlded toj Mztemd. 10 kfmf jhdets Mftctso j+
$tsd fmj oSdzkzyjdd ot ftsyjMmsls, clfd L HAPOMydzdinppityd Islg dztg
SHESo stedesMisd. wjC¢ts’ ©teijBO HO BdHJ LOYtLdzO] dz s t
tcOMmf stej HISIS. [ i"EMiBdOIsO SCtdikzded ¢ Oyd © dzO |zyj Mdzd
ltej f steOydzdots j ots Isddisls HO BB Oo § g2 yj tzOC |k y dg® dz
SH BBBd&OMKO dO0 &jti  jlsts. ¢dOddL OO dO0 §sHOIlstsyd,
Md dMmksts sOCO 90ydzd WOCItsted.  sMisOf dzd tsls  {f|j tc fi)ts dzO
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ddze j MisdtcO® j ot oadMsitsCoOddlsjlsdd sftej B3O d |[0dzOIs¢ d
(1§ te. cOMmMj 4 dO st BOLO), HdBMEIsdO §f flas finlsls fzOdz@s j dztg ¢ @
fsotcj 3J dz ftejcecdzjH dO fsHOBYdIls] . t OBBIsOISO |d fsHte:
f sSHOItsYydlsjy Mj ddasj ctcOdzdzed S i3 tsdzj delsd dz0 MlseOlsj e’
t OB IO d sHtylzo OF § §i20 dzls 1 ld22 diz¢f @ @dis B s sSHtcY zo OF
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tcOBBISO d HHEd)NHAEHSQo)ze OF | dzO J HdetsMisOo j dzOf dzPjugdzd [ o 5
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ltedBdteO® ] dO ftsHOKFG Y O dOOYia(®@ .0 jIsts [dzO f tsSH
ZO0 ttOCkoO ] | HO BMdektd® HJjCO foHOIBYdlsj [y HEM
i ddlszOdzdzd hIsjlskzo O O dqdzd dedodets ek j ¢ j.
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LOC A&z ytsydils g B Ols HO BJHOI MtsHe jlsdzs Co Qdzd W d
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ZO“ s®ydEdsy dz0 ftetsyd 2¢O dz20 jdzj tecjIsMEslsts ff tolts
9 0kzdHdtLO' § dzO f tsH OIstsyidny,d Is & adgdafiidsdsicd L Pgd &zPc =rtz o C
ojljtedzdlsy Effdzsed d HtsdettesydzOlsO o jlsj tedzO € dzd BO, «
HdL O degtsgg®ls d S OSEdZzOydd L O jdzjteecjlmMislts fsdL
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fmd GJdZJtGCftGOOIS teOL dzd ydzd MisOIlsdmisdcd Ct5d § B5RBOEO0OIs
zZs¢ Oyd - 0. Il ssBdyOjdedisy MsOlsdmMisdSd o ¢ dziislmg @0 IO: ]
dzO BtLddzdIlsy d ftOeaydlsj, ojlsjtedzd kEmdzsed, dazlsg daL L

43 1etsYyj &S O &O toj Mzl d&O o dMddz® dzO® ¢ tsdzH 5|dzO O

uts BEdzZjH dzO0 IO hilsts Bjtwdedlsjy Skdd fmj §sddmsd
szteB d dzMC OO codetstiz@iclg) dsOBPSE 8O odMmdd® j| HJ W dd
yjfmsts | folstejpdts BjtejsS OO &j"k t©OLdduyddlsj odfmdd
o dzd BOIs j dzdz®, © d vyYjMmbsts Mk jSIsdo dz0 Od&O&dL O dzO
oCdzzykzo 0 >d Odedlfj daOBR adedd bkMmdztso d, dztsS OdzdzOQlsO 3 Is
fsCtedj deslsO dzO L j 3 OlO.
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KjdzkO &0 § dzd BOME ssts ftod ZOEtsHEZO O j j HIE Mmj d
ots BCEteOddyj dz otej &3j dzMSCd H JitcdtsH, . 9§ o O tsdgzc HOHWesd Badl
BtoLddzdlsj dzO o jlstetsls Bsyj L dzOydlsj dzdzets HO 9 O0OtedtcOOIls
CsH&O ddzd fsHtsdkets. Jtsyjmsls ¢s° j §sL kOl COCH
predict-MCP) j Ikdfdudss Sttedmls  dazo@®® ff ts oL xigjQs jj¢| Ods OFf teiaf
HEsde stesydzO Jeai @ j to Plzyd0 5O dzz 0 © dzj MdcktedzsMsO | o5 4§ to
ftesdL o sHMIse 5.
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#ts BedzjH d&O WOSCIktls hilss Bt C OO dzO Isjtcj dz Ty,
ZsC Oydd o0 t®OeREERIEO dsf ¥ Olsj dzO Mts o€ SGgOESE] Mis®C o
RZOftcOo j dzgs Mt CtliBf " EljttmMtd MmMsWiss j ts, otssBd YOy dzts ¢
9dIjtedzdtsls toj Mktep dz2O Mdly dstOydd dzO0 Ctsd |4 BBY
 sMisOf dzgd MY sdjsted > sdtsso tsL Bsy k2o OO dBsH j dzdtgO® j  daC
mMetsHe jIsdzd MdBzdzOydsdzd Of dzd S Oydd MmMts Sd M oL
ftcjHdLoadydlk ¢td dkBtsyj HO Mmj ~ O8 Ols.
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]l sMmdzy HdzZOISO W OL Odzdjs O H @ et ¢ IswsdfL O fetsyd tlzd dzj G
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jyd Odzj &z ¥ lse jte C8°, fsydzszo O >d ®H tojLlzdzlsOIlsd
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5 16¢sJuvls
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INFLUENCE OF THE BULK CONCENTRATION AND GEOMETRY
ON ELECTRICAL CARACTERISTICS OF SOLAR CELL

ABSTRACT

This paper describes a solar cell which is central component for theatiea of PV
modules. All electrical characteristics and equivalent electrical circuit of solar cell weredescr
detail. The electrical characteristics depend on materials for making solar cell and its (
structure. Central part of this papdescribes change ofelectrical characteristics with changg
physical structure of solar cell. The bulk concentration and geometry are physical parametel
were changed. Simulationsare made by using Silvaco TCAD software package.

Keywords: solar cell electrical characteristics, bulk concentration, dimension
1 INTRODUCTION

A solar cellis semiconductor electronic component which output current deper
intensity of illumination. The operation of solar cell is based onthe photovoltaic effect. fdusis}
closely related with photoelectric effect which was described by Albert Einstein. He explaing
light consists of a particles of strictly defined energy. These particles were called photons, ang
of one photon is:

0 o —

where h is Planckods constant, 3 is fre
is wavelength [1].

Photovoltaic effect@an be represent by three basic processes. These are: generation o
carriers due to the absorption of photons, separation of jgjeoterated charge carriers and collect
of photagenerated charge carriers.

2 BASIC PRINCIPE OF WORK
2.1 Generationof charge carriers due to the absorption of photons
Absorption of photon is process in that it surrenders energy to electron from semicol

material. The electron which received energy is name exited electron and it passes from ene
E; to & (Figure 1).

Absorption is only possible if the condition is me:EE=E, In ideal semiconductor there are
egy of

el ectrons below edge of val en)orabdvaetige of(canduetiy
band (energy of (. Betwses thosd tercchiand dhars is nosenefyy &ated W
could be populated by electrons, and difference of energy between those two band is called
Ec=Ec-Ey. If a photon has smaller energy ofiEt wonot be absorbed
materialwithout interaction.
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Figure 1: a) Absorption of a photon in semiconductor with bandgap E. b) If E;»>Eg a part of absorbed
energy is thermalized.

When an electron is exited and it passes from valence to conductive band it createq void in

valence band. fAis void is particle with a positive elementary charge and it is called hole
absorption of a photon actually representscreation elebotenpair (number 1 on the figure 2). T
energy of photon is converted to chemical energy which is necessargdte electroole pair. The
maximal conversion efficiency is 67% for roancentrated and 86% for concentrated sunlight, &
limited by thermodynamics.

2.2 Separation of photegenerated charge carriers

Usually, a generated pair of electrbole will remombine (number 2 of figure 2). Actuall

The
he

nd it

s

electron will fall back to energy level Bnd this is process of electro neutralization.It releases energy

in form of photon or transfer energy to the other electrons, holes or other particles in material.
If a generated electrohole pair was separated before recombination, electron and hole

would

participate in conducting of electric current in external circuit. An external generator is use for that

(number 3 of figure 2). The generated electrons are movingypenof semiconductor and holes 4§
moving to ptype of semiconductor by influence of this external generator(hnumber 4 of figure
solar cell must be designed that the electrons and holes arrive to the appropriate type of
before their recombation. That means that lifetime of these particles must be longer than time
is necessary for electrons and holes passes through solar cell.
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Figure 2. A simple model of solar cell formed of fiype and ptype semiconductor material. 1) Absorption
of a photon and generation of an electrofhole pair. 2) Recombination of electrorhole. 3) The external
generator which separate generated electrehole pair. 4) The electrons and holes which can be used
drive electric current. 5) Recombination of electronhole after passes through the external circuit.

2.3 Collection of photo-generated charge carriers

Finally, the charge carriers (electrons and holes) which extracted from solar cell make
current in external circuit. In this way the chemical energyoisserted to electrical energy. After t
carriers passed through the circuit, they recombine in solar cell (humber 5 in figure 2).

There are two loss mechanisms in single bandgap solar cell, and they were represented
1b). The first is inabiliy to convert photons energy to electrical energy and it happens whg
energy of photon is smaller then energy bandgap. The second is thermalization and it is con
of bigger photon energy of bandgap energy.
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3 ELECTRICAL CHARACTERISTICS
3.1 Electical circuit

The equivalent electrical circuit of solar cell was shown in picture 3.

woAE

I Ly i

]

Figure 3. The equivélent electrical circuit of solar cell.

The output curremtis equal to the photgenerated current, less diode currery and the
chantleaka@ currentlsy. The R represents resistance which depends onpthgunction depth,

Inideal solar cell BF0and R=H. |1 n t he r eal sishetiveen 0.08e aln dry,
and value for Byis between 200 a n dYy 3020 .

The current I, that floes through external circuit, can be obtained from next equs
‘O 0 O 08

Value of leakage currei¢y is much smaller theh andlp, and it can be neglected.
The currentp is equal to:

0 0Q ph (3)

where isls saturation currenty,. open circuit voltage (more detailed belowRoltzmann
constant = 1.38x1@3 J/°K andT absolute temperature.

Using equation (2) and (3) will be obtained:
© 0 0O p8 4
3.2 The electrical parameters

In the picture 4 were shown the currenttage (FV) and poweivoltage (PW) characteristics of
solar cell. The main pangeters for characterization of solar cell are the open circuit voltag¢he
short circuit currents, the peak powdp,, the fill factorFF and the conversion efficiencly

&
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Figure 4. I-V and P-V characteristics of solar cell [3].

It is the maximum voltage that a solar cell can deliver. The value of open circuit voltage
obtained from equation (4) whéis equal zero.

On the basis of that follows

o QWi- p 8 (5)

impurities and contact resistance. The shunt resistaggis Rwversely related to the leakage current.

8l de

ation:
2)

The open circuitoltage is the voltage at solar cell when an external circuit is not conngected.
can be




Thelgis current that flow through solar cell when its contacts are in short circuit. That
the open voltage is zero. Under this condition valudsoffrom equation (4) is equal to phg
generated curremt.

The fill factor is the ration between the maximum power which solar cell can generq
product of short circuit current with open circuit voltage. This parameter can be calculated by
equaton:

00

—8 (6)

The subscript fAimppd denotes the maxi
on RV characteristic when the solar cell has the maxipower output.
Conversion efficiency is ratio between the maximal generated power and in

power. This parameter will be calculated from next equation, Whef®00W/n:

mu

4 THE STRUCTURE OF SOLAR CELL

The structure ofinglecrystalsilicon solar cell (figure 5), which was made frgntype andn-
type silicon regions wasdescribed in this paper.This type af sell is the most used in the world
the moment. The other types of solar cell are: polycrystalline;fithin amorphous silicon an
multijunctionsolar cells.
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Slika 5. Structure of singlecrystal silicon solar cell simulated in SILVACO.

The streture in figure 5 was realized using several process in simulation. Start matg
singlecrystal silicon, doped with boron. In this wpytype area (bulk) of solar cell was obtained. T
next step is implantation of phosphorus for makgpe area. Carentration of doped phosphorus
5*10™ atoms, and energy is K&V. After that process diffusion was made. It is necessary
creationofpnj uncti on and i ncr eTahsiisn gp rmo&climisiisi tayia koefes
10 @0

The next stefis deposition obxygen on both of sides which thickness is|1h This oxide
with silicon creates SigXhat represents mask for creation contact. Creating contact was obtai
deposit aluminum, thicknesspin in this case. Before that, it needs et@@,3n certain domain, irf
orderto aluminum ando-type of silicon create contact directly. After deposition of aluminum,
step is etch it where it doesndét need. Cd
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For making anode contact, should keeat process from previous paragraph, but it must flip
structure firstly, around-axis. In this way anode contact was made and should flip structure again to
return to the start position.

5 THE RESULTS OF SIMULATION

The electrical characteristics of lao cell whichwere listed previously, depend on physjcal
structure of solar cell. Central part of this paper is simulation value of conversion efficiency |versus
changing concentration of phosphorus atoms in bulk. The concentration on this primes wad change
from 5*10"° to 1*10' with the step 1*18, and from 1*16° to 1*10" with the step 1*18. The
conversion efficiency must be calculated for illuminated solar cell so the source of illumination must
be defined at the beginning of simulation. In this ¢hsemultispectral source, which includes sources

of light wavelength from 0.8m to 1.2nm, was used. Intensity of this light is 0.099. The result of
simulation this parameter was shown on figure 6.

Efficiency vs Bulk concentration

19.0 4

18.5

Efficiency (%)

18.0 4

17"‘r"’l T T T T T
500x10°  240x10°  4.30x10"  6.20x10"°  8.10x10®  1.00x10"

Bulk concentration (/cmi)

Figure 6. Conversion efficiency for different value of concentration phosphorus atoms in bulk.

Value of conversion efficiency rises with increasing of bulk concentration, #mbe seen in
figure. The reason for that is next. When bulk concentration is bigger,there are more atoms which can
be exited by illumination. That actually means that there are more electrons which are cdrries of
electrical current, so from equation (8Jléws that conversion efficiency is bigger. The biggest value
of this parameter is obtained when the bulk concentration is*1*Walues of others electrical
parameters at this concentration were shown in table 1.

Table 1. Electrical parameters of solarcell for bulk concentration 1*10".

Parameter o "0 [A] 0 [W FF -b
Value 0.661642 -6.71*109 _3_73*109 83.9962 18.7789

I f bulk concent r a9, ivaus of soaversidn iefficiercy wo(ldl.1Thel 0
reason for that is a higher level of scattering of generated eldutenpairs at the atoms of
phosphorus.

The shown values were obtained for thickness of solar cglin¥0lt needs to optimize
thickness of solar cell for get maximal conversiefficiency. That was made buy changing this
parameter from 3(lm to 70pum with step 5um. The results of this simulation was shown in figure




Efficiency vs Thickness
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Figure 7. Conversion efficiency for different value of solar cell thickness atutk concentration 1*10"".

Value of conversion efficiency is the biggest when thickness of solar cellpm5The solar

cells which have smaller thickness it have smaller volume of active region (bulk) tod. The
conseqguence of that is less generated eletinle pairs, so intensity of electrical current throdigh
solar cell is less. The life time of generated electrole pairs is smaller than time which is necessary

for transport of these pairs to contacts, in solar cells which have bigger thickneds.réhson why
the thicker solar cells have smaller value of current and conversion efficiency.

The values of electrical parameters of solar cell, which has bulk concentratidh
and thickness 5Qm were shown in table 2.

Table 2. Electrical parametersof solar cell for bulk concentration 1*10 and thickness 50um.

Parameter 0 ® "O[A] 0 W] FF -P
Value 0.686797 -6.61*10° -3.83*10° 84.4484 19.3019

6 CONCLUSION

The electrical characteristics of solar cell depend on several factors. These are: mapetjgief

1*10

pr

and n-type rayions, technology of making, materials for contacts and geometry of the strucfure of

solarcell. In this paper was shown how some of these parameters influence at electrical chara
of solar cell. It is one way to obtaining high efficiency soldl. ¢eneeds include all parameters
simulation to obtaining the best results.
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MUNICIPAL ENERGY EFF ICIENCY PROGRAMS AS A FIRST STEP
TOWARDS IMPLEMENTING THE ENERGY MANAGEMEN T SYSTEM

ABSTRACT

The results obtained from the analysis on implemenEngrgy Efficiency (EE)programs in 80
municipalities on the territory of the Republic of Macedonia @nthe City of Skopje aa distinct
unit of the local selfjovernmentpointed at a decrease from-48% in annual energy consumptig
Mainly, this decline is due to the implement&E measures encompassed in the munig
Programmes foEE, such as thermal insulation of internal walls andibl di ngs o6 e n
roof and floor insulation applied to public buildings.

Having in perspective that the initial analysis of the process of implementirigEtheogram in the
Municipality of Karposh led to reduced energy consumption for 38%,paper focuses on speci
measures which contributed to this reduction and examines the potential Karposh holds tg
implement a municipal Energy Management System (EnMS) in line with IS@15G%k a
continuation and extension to the alreadyalelsthed municipalEE programs. The analys
encompasses elementary schools and kindergartens under jurisdiction of the munaiplatityeet
lighting.

Being a useful toofor continwus monitoring, improvement and implementation BE measureg
towardsmore efficient energy use and environmental protection, implementing municipal En
Karposh shall further contribute to its sustainable development.

Keywords: EE, energy management, municipal energy planning.

1 INTRODUCTION

The demand for energy igsing daily, becoming one of the most important concerns of the mg
civilization. The urban areas are especially faced with a dramatic population grodththese
increasing trenslretain, the rapid growth will exceed the capacity of cities and urbatreseto
provide adequate energy supply for their citiz&ige need for energy savings and the requirem
for rational use of energy initiate the emerging of numerous international and national legislati
directives that aim to end the tendencyuofontrolled energy consumption atidis, increase thg
level ofimplementingenergyefficient (EE)technologies antheasureq1]

Barney et al. (2006]2], definethe term energy managementfa$ judicious and effective

use of energy to maximize profits (minimize costs) and enhance campetit p 0. $ni2011 then
International Organization foBtandardization (ISO) released tt#0 50001Energy Managemer
SystemsStandard[3], where the energy management syst@nMS)i s d e f i nsetdof
interrelated or interacting elements to establish an energy policy and energy objectives, and f
and procedures to achieve those objectives
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As a conceptthe Energy Management was primarily created for industey,intended for
industrial plants and facilities, and the commercial sector. Since the public sector was recogn
significant energy consumethis concepthas also beeacceptedand implemented by the publ
administration, giving thema role of energy savingromoers The inclusion of te Energy

zed as a
c

Managementoncept in the municipalities, as part of the public sector, derives from the fact that the

municipal leaders are dlle who can develop an energy plan farcertain areatowards energy
reduction Furtherand evenmore important sincemunicipalitieshave direct access to citizenley
have the best insight drow to satisfy their needs and how to influence on their behavite term

municipal energy management covers all strategies and actions to achieve a sustainable and efficient

use of energy in all municipal fields of activif4]

In this paperthe emphsis isseton the potentialo implement Municipal EnMS in the Municipality
of Karposh,one of the ten municipalities that make up the citgkdpje the capital of thé&kepublic

of Macedonia The opportunities for implementing the municipal EnMS are recognized in four areas:

public buildings, street lighting, transport and waste collection and disp8salsidering the
complexity of each of these consumption areas, this paper studies only the public huidindsg

kindergartens and elementary schoaisdthe street lighting which are under the authority of the

local governmentThe herein elabor@d discussionis accomplished in line with the internatior]
standad for EnMST I1SO 500013], whoseframewak for continual improvemenits implemented
and conductedn thj municipality Karposh

2 BACKGROUND AND METHO DOLOGY

2.1 Energy ManagementSystemin line with ISO 50001

ISO 50001[3] is based orihe Plan-Do-CheckAct (PDCA) frameworkand it incorporateg
energymanagement into daily organizational practices, as shoviigome 1.

Continual
improvement
e —— Energy policy

Energy planning
Management
review |
Implementation
and operation

Monitoring,
‘ measurement and
analysis

Checking

—~ .
~ - ™.
-

~ ~
-~ - .

Nonconformities,

correction, corrective and

preventive action

Internal audit of
the EnMS

Figure 1- Energy management system model for ISO 50001 (sourci])

According to the standard, the PDCA approach can be outlined as following:

- Plan: conduct the energy review and establish the baseline, energy performance in
(EnPls),objectives, targets and action plans necessary to deliver results that will improve
performance in accordance with the organization's energy policy;

- Do: implement the energy management action plans;

- Check: monitor and measure processes and theckayacteristics of operations that detern
energy performance against the energy policy and objectives, and report theaedults;

- Act: take actions to continually improve energy performance and the EnMS.
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2.2 Energy Efficiency (EE) Program

TheRepublic ofMacedonia works toward increasitige useof renewable energy sources gnd

improving EE. In 2006 this country siguethe Treaty for establishing of the Energy Commuthigt
aimsat increasing EBndachieving annual savings of 9% energy consumption ti2018, compareq
to the average energy consumption in the period from R@ID6.[5] In order to decrease the imp(
dependency on energy cams, a Strategy for Developing Eitil 2020[6] and a EE Action Plafv]
are created. The national Energy LEY obligates each unit of local sgtfivernment to prepare
threei yearperiodprogram forEE and additionally an appropriate annual action plan with timet
to describe the implementation of measures from the program.

In line with the established i&tegy for Developing EE and EE Action pJahe council of
each unit ofocal selfgovernment decides &dopt a certaiikE Program for the upcoming three yed
which is proposed by the municipal mayor and approved by the Energy Agkttuy Republic of
Macedonia (EARM)Each program covers the following elements:

- Description and evaluation of the current situation and the need for energy;

- List of indicative targets for savings of energy on municipal level;

- Measures for improvement &E and precise obgives that need to be achieved through
measures;

- Capital investments, activities and deadlines for conducting the measures;

- Responsible personnel.

2.3 CaseStudy: The Municipality of Karposh

The municipality of Karposh is one of the ten constituent mpaiities in the city of Skopjg
the capital of Republic of Macedonia. The municipality spreads on an area of?38likisied in
fifteen local units, from which thirteen belong to the urban part of the city and the other two
rural part. The total nuber of inhabitants living in this area, registered in 2002, was 59 666 af
number of households was 19 6]9

To fulfil the legal obligéions imposed by the Energy Lg®] and the Environmental La
[10], this municipality has prepared a Local EnvironragAttion plan for the period 201112017[9]
and an EE Programme for 2008 to 20121] and EE Programme for 2@Lto 2015 [12] In the
strategy for municipal development till 2019, a commitment for use of renewable energy
elementary schools and kindergartens is presented.

Since2007 this municipality is constantly working on improving the existing public facili
With the LocalEE Programme for the period from 2008 till 2012, the municipality realized se
projects that increased tB# of the buildings and decreased thermgy consumptionTen elementary
schools and foukindergartens were reconstructed in that period. The implemented measuaes
follows:

- Thermal irsulation of internal walls anouilding’s envelops;

- Replacement of old windows wittewwith permeabilitycoefficient of U=0.9 W/rK;
- Floor androof insulation;

- Cleaning or replacement of heating systems;

- Installing energefficientlight bulbs;

- Replacement of electric water heaters with ssjyagtems for sanitary hot water.

Regarding the street lightingince 2007the Municipality of Karposh is constantly working
the EE improvement. In the part of the street lightning the following projects were realized:
- Two-stage opration of thestreetlamps along the river Vardar;
- Complete separation dhe street lghting commands in speci@ommand cabinets wit
digital astronomical clock control mode
- Replacinghe existing lamps with energpaving light bulbs.
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3. Results and discussion

3.1 Elementary schools

Figure2 gives an werview of the annual electricity consumption in elementary schools ¢
Municipality of Karposh.n the presented period (204214), due to the small humber of worki
hours the reduction in energy conmsptionin some of the buildings corresponding low, but from

the perspective of internal lighting and the stroboscopic effect of the Souldz, replaced with

highly frequent or LED bulbs, it is highly importarfhe energy consumed for heating for ei
elementary schools is presented in AppendlixThe energy savings in the elementary sch
illustrated onFigure4 derived from old windows replacement and thermal insulationtefnal walls

and building’s envelopsvhile the schools savings presentedrigure 5 are due to the fuel switch.

The energy used for heating in five of the elementary schools is redu@gplmationof light fuel

oil boiler installation. Prior to implementing the EE measures, the etemeny s c ho
Pi sevski o used this type of heating fuel F
decrease in annual fuel consumption for 37%. In the tenth school, presented in Appendiig@®
6, A \Ceiviriai Tr ena o, a geot her mal heat pump wa

consumption due to (1) eliminating district heating as a source of heat energy, (2) imple
measures (thermal insulation and replacement of old windows) anded8ced energy inpu
(electricity) vs. energy output (heat) deriving from the physical principles how a heat pump op4q

Annual Electricity Consumption in KW

m Before implementing EE measure2013

m After implementing EE measure2014
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0
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& X Q) \s \s o $ )
< ° < & & &R L <% RS A\
& (o A > & © «
\ vE &

Annual Electricity consumption
in kWh

Elementary schools in the Municipality of Karpos

Figure 2 - Annual Electricity Consumption in kWh prior to and after implementing of EE measuresn
ten dementary schools in the Municipality of Karposh

3.2 Kindergartens

In Appendix B,Figure 7 providesan overview of the annual consumptiohelectricity, while
Figure8 illustrates theannual consumption ofnergy used for heatinig the kindergartena/here EE
measures were implementdd.n A Pir \dale &indérgarten, dight fuel oil boiler installation is
applied and after the measures were implemented, results indicate a decline of around 24%
fuel consumption.

3.3 Street lighting

The effetiveness ofthe implementedEE measures isnostly perceptible fronthe street
lighting presented ofrigure3. The number oinstalledpoles for street lighting through the yearnis
constat growh reaching 4946 polem 2016 while the energy consumption at that point is 3
lower than the consumption in 2Q@vith 3613 polest place

The implementation of the EnMS in the public sector, especially within the municipg
can bring newchallenges for the local authorities. The municipalities as promoters of EE and
conservation should implement several technical and behavioural measures important for in
the energy savings. With the already presented commitment this milityidipa created an enablin
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environment for mitigating the energy consumption on a municipal level and increasing the aw
among the stakeholders comprised in the municipal energy management issues. Howeve
management as a concept requiréal#ishing a more systematic way of planning and implemer
the measures. Accepting the PDCA cycle and conducting EnMS in line with ISO 50001
helpful in achieving significant and measurable energy performance improvements.

Number of poles of street lightning and Annual Electricity consumption in MWh

B Number of poles of street lightning B Annual Electricity consumption in MWh

6000

4946

5000

4000

3000 -

2000 -

1000 -

Number of poles/Annual Electricity consumption in Mwh

2007 2012 2016
Year

Figure 3 - Number of installed poles and annual electricity consumption for street lighting in the
Municipality of Karposh
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Creating energy policies for every public building (elementary schools and kindergartens),

raising the awareness among employaes students and thus training them appropriately, can h
significant impact on energy conservation. In particular, trainings that address the building ug
be exceptionally useful when i mplementing

On theother hand, EnMS implementation imposes conducting continuous energy
related to the current situation, identifying an optimal energy consumption baseline, corres
and appropriate energy performance indicators which are monitored and measaredrfain perioq
during the process of implementing the EnMS. The created EXCITE datdiZder monitoring
energy consumption in the municipality, provides generating comprehensive energy cons
reports that are the base for establishing the energy baseline and energy performance indicat
the energyaview a variety of opportunities for improvement can derive and they are used to 4
objectives and targets that need to be achieved with the EnMS. Hence, the municipality]
establish general objectives and targets for all public buildings aaté@etion plans consisted frg
applicable technical and behavioral measures.

Finally, to evaluate the EnMS and its implementation process in compliance with ISO
the recommendations to the energy management team is to create its own internahd
corresponding top management to conduct a management review from where the |
improvements for the next cycéhall derive.

4. CONCLUSION

This paper aims at analysing effectiveness of implemented EE measocesipassed i
municipal Programmes fd&EE, in public buildings (elementary schools and kindergartens) and
lighting, as consumption areas under jurisdiction of the Municipality of Karposh. Analysed 4
measures in 10 elementary schools and 4 kindergartens, implemented in the rpeni@0D@8 to
2015. From the reconstructed public buildings, considered in the paper can be perceived
implemented EE measures resulted in a decrease in energy consumption, in electricity, as we
The effetiveness ofthe implementedEE measres ismostly noticeable in the sectstreet lighting
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where the reduction in energy consumption reached around 37% compared to 2007, primarily as a

result of replacing thexisting lamps with energyaving light bulbsandseparation of street lightin|
commands in speci@ommand cabinets with digitaktronomical clock control mode

9




However, due to the lack of implementing an appropriate measuring plan which sep
measures energy consumption of the significant energy users per each type of ememytise)
currently existing data do not provide enough space to draw conclusions on how each of thg
mentioned measures implemented in the public buildings contribute to increasing energy
Nevertheless, this paper can be a basis for furthienaon of the effectiveness of each EE meag
through establishment of a more systematic way of planning and implementing the measu
requires accepting the PDCA cycle and creating an EnMS in line with ISO 50001.
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APPENDIX A

1. Annual Heating Energy Consumption in kWh before aitelr@nplementing EE measures
four elementary schools in the Migipality of Karposh

Annual Heating Energy consumption in kW
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Figure 4 - Annual Heating Energy Consumption in kWhbefore and after implemening of EE measures
in four elementary schoolsn the Municipality of Karposh

2. Annual Heating Energy consumption in kWh per yesfoke implementing EE measures &
consumption of light fuel oiin litres per year after implementing EE measures in
elementary schools in the Municipality of Karposh.
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Figure 5 - Annual Heating Energy consumption in kWh pe year before implementing EE masures and
consumption oflight fuel oil in litres per year after implementing EE measures in four elementary school
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APPENDIX B

1. Heating energy consumption in kWh before and after implemeriBgmeasures and
Electricity consumption in kWh after installing a geothermal heat pumperEtementary
School AN elrrae nGior iivn t he Municipality of Karpc

Heating energy and electricity consumption in (kWh) per heating
season

Electricity Consumption in kWh

Heating season

Heating Energy consumption in kWi

H Heating energy consumption (kWh) Before implementing of EE meas
m Heating energy consumption (kWh) After implementing of EE meas
Electricity consumption (kWh) After installing a geothermal heat pu
Figure 6- Heating energy consumption in kWh before and afteimplementing EE measures and

Electricity consumption in kWh after installing ageothermal heatpumpi n t he EIl ement gry Sch
Ciriviri - T r e rinathie Municipality of Karposh




APPENDIX C

1. Annual Electricity Consumption in kWh before and after impleting EE measures ifour
kindergartens in the Municipality of Karpash

m Before implementing EE measur m After implementing EE measure
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Figure 7 - Annual Electricity Consumption in kWh before and after implementing EE measures in four
kindergartens in the Municipality of Karposh

2. Annual Heating Energy Consumption in kWh before and after implementation of
measures ithree kindergartens the Municipality of Karposh
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Figure 8 - Annual Heating Energy Consumption in kWh before and after implemening EE measures in
three kindergartens in the Municipality of Karposh
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OPTIMAL DESIGN OF A SILICON CRASS -SHAPED HALL PLATE FOR
MAXIMUM SENSITIVITY OF INTEGRATED MAGNE TIC SENSORS

ABSTRACT

A magnetic sensor is transducer which convrésmagnetic field ind an electric signal.
Many integrated magnetic semsuse aHall plates as sensitive element formed by-typé diffused
areas ina Rtype silicon substrate of CMOS technolody. spite of relatively large offsetand
temperature drifttheHall plates rerain apopular magnetic field sensing devioeintegrated circuitg
due totheir easy integratin with other electronic blocksn silicon chips Thedifferent shapedHall
platesexhibit different magnetic sensitivities. In this work, the sensor performaheeparticular
crossshaped silicon Hall plate is studied using a thiimeensional magnetic edice simulator
ATLAS (SILVACO). The optimum design of crasbaped Hall platés found in simulations which
yields the largest Hall voltage and hence, tigadd magneticsensitivity.

Keywords:Magnetic, Hall plate, integrated, silicon sensor

The 3-D potential distribution in cross-shaped Hall Plate

1. INTROD UCTION

Integrated silicosensors based on a Hall effeelong to the order of spial
electromagnetisensors. There areany types bHall sensors, depending on thggometryi.e. from
the shape of the platén this paperthe siliconmagnetic sensors thi a cruise platas the most
suitable for simple electrode installatimsnanalyzed using numericaévice simulation.

2.THE 3-D SIMULATION OF HALL SENSOR PLATES

The research was carried out using tineedimesional (23D) numerical device simualatr
Atlas from SILVACO. Atlas is used as the most compatibile option for presenting the desired

structurs and characteristics.
Fig.1 shows the -B potential distribution in Mype silicon Hall platethat is embeded in |P

type substrate. Two sensor examples are shown with different plate thicknesses (0.5um and Lum) and




with and without influence of perpendiar magnetic field B=1T. As expected the-satential lines
are clearly deformed by the influence of magnetic field inducing the potential difference acrpss the
direction normal to the current flowing between the biasing metal contacts.

ATLAS
Data from n1e16_Z1Gm X1-4Y1-4_bz0.str ATLAS
47 Data from n1e16_ZJGm_X1-4Y1-4_bz1.str
P

ATLAS ATLAS
Data from n1e1464§k§3<1 4Y1-4b20.5 Data from n1e16,ZD:8X1-4Y1-4bz1.str
f 5

Figure 1:Potential distribution in  symmetric Hall sensors Upper sensor without and with magnetic
fild B=1T and thickness 1lum(Z-axes); Lower sensor without and with magnetic fildB=1T and thickness
0.5um (Z-axes)

In thesesimulations, the valued élall coefficients for holes and electrons was&n@ 1.2 ,
respectively. The #ype silicon substrate had the impurity concentration 1E£6The biasing
voltage was changed fronvQo 1V with a step of 0.05 Fig.shows the variation of Hall voltagetiv
different geometry and two thicknesses (0.5um and 1um) of-shagsed sensor plaaadfor
constant perpendicular magnetic field B=The highest Hall voltage and hence the maximum sepsor
sensitivity in case of 1um and 0.5um thick Hall platesisined for cross plates with dimensions for
X axis of 1 to 4 um and for Y axis of 2 to 3 yraspectively.
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Figure 2: Variation of Hall voltages in relation to the change othe applied biasing voltage.
Various crass branches thickness of Hall plates simulated. The bordered sensors geometry ig
the square Hall plate with dimensions Sumx5um.

When the anode voltage is fixed to the value of 1V, the Hall voltages expres
simulation as potential difference of two virtual probdslll andVhall2 for different magnetid
filedsOT, 0.5T, 1Tare presented in Table 1 and in Fig.3.

Table 1. Electrical value of magnethic sensor with crosshaped silicon Hall plate

Vanode Bz Vhalll | Vhall2 Vhalll-Vhall2 Geometry
1 0 0.9036 | 0.9036 0 XY 14
1 0.5 0.8928 | 0.9143 0.0215 XY H
1 1 0.8818 | 0.9246 0.0428 XY 14

1.2
1
0.8
= 06
D 04
0.2
0
02 (i) 0.01 0.02 0.03 0.04 0.05
Abs(Vhall1-Vhall2) [V]

Figure 3: Graph of the Hall voltage versus thestrength of the magnetic field
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Fig.4 shows the variation of Hall voltage versus magnetic field intensity obtained intonmsia
of crass plates with different geometry and thicknesses, the same structures as for Fig.2. |A linear
dependence of Hall voltage with different magnetic field intenisities is observed in Fig.4 for all
simulated sensor geometries. Most importantly, 4&ghows that a twofold higher Hall voltage and
sensitivity is obtained in case of thinner Hall plate (0.5um) then the one foun in thicker plate (1um).
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Figure 4. Comparison of the Hall voltagesobtained for thick (Lum) and thin (0.5um) Hall plates
with different geometry of crass branches. The bordered sensors geometry is the square Hal
plate with dimensions 5Sumx5um.

4 CONCLUSION

In conclusions,we have studied the integrateilicon Hall plags by means of
commercial numerical device simulator ks from Silvaco. It is found that the optimal crass
shaped Hall late geometrywith highest magnetic sensitivity the one with vertical cross
branch width of im (@long X-axes) and horizontal cross branch width of 3um (along Y
axes. This geometry yielsl a highest magnetic sensitivity in both cases of thick (lum) and
thin (0.5um) Hall plates.
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LATENT HEAT

10.2% [

Latent — Definition:
Latin for “hidden”

° Carbon Dioxide

Water vapor

Nitrogen
Heat that can be measured or

*
Nitrogen Oxides
felt by a change in temperature

Nitrogen

sLight

=Heat
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