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Ro dents cut ting the in stal la tion sys tem with their teeth were a fre quent is sue with elec tric in -
stal la tion in the era of clas si cal ar chi tec ture. How ever, con tem po rary ar chi tec tural sys tems
with pho to vol taic sources of en ergy, ac com pa nied by pre mises' smart sys tems of in for ma tion
and en ergy trans fer, have mi cro or gan isms de stroy ing the op ti cal and other types of in stal la -
tion. This work rep re sents build ing sys tems of res i den tial pre mises with pho to vol taic sources
of en ergy which point out the seg ments of ur ban ar eas jeop ar dized by the pos si ble ap pear ance
of mi cro or gan isms. Af ter ward, a re view of la ser tech niques for the de tec tion, iden ti fi ca tion,
and de struc tion of such mi cro or gan isms was given. It was con cluded where to di rect the fur -
ther la ser sys tem de vel op ment to pro tect smart build ings from bi o log i cal con tam i na tion.
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IN TRO DUC TION

An in tel li gent build ing is an op ti mal com bi na tion
of struc ture, equip ment, ser vices, and fa cil ity man age -
ment based on user needs, which pro vides an ef fi cient,
com fort able, con ve nient, and hu mane en vi ron ment. In -
tel li gent build ings are en ergy ef fi cient, have ef fi cient
sys tem el e ments, do not pol lute the en vi ron ment, they
are flex i ble, adapt able, and easy to use. They are also
easy to man age and con trol, pro vid ing an ad vanced level
of com fort and con ve nience. In tel li gent build ings are
com plex sys tems, so es tab lish ing safety, se cu rity and op -
ti mal op er a tional per for mance is not with out risk. In tel li -
gent build ings have in com mon smart tech nol ogy and
con nec tion to a smart elec tri cal grid. In this way, it is pos -
si ble to im prove en ergy sta bil ity and qual ity of life [1, 2].
By in creas ing the sta bil ity of the green econ omy, tech no -
log i cal prog ress will be more no tice able and the over all
en ergy sup ply more ac cept able for the pro tec tion of the
hu man en vi ron ment. How ever, some mi cro or gan isms
at tack the power sup ply sys tem (op ti cal ca bles) of the
build ing it self. The pres ence of mi cro or gan isms threat -
ens the ef fi cient el e ments of the build ing sys tem and can
lead to the col lapse of the qual ity of com fort as well as
safety. De struc tion of these mi cro or gan isms can be
achieved by us ing mod ern la ser tech nol o gies.

Each la ser de vice has its way of op ti miz ing the la -
ser beam ab sorp tion pro cess in the cor re spond ing struc -
ture. The in ter ac tion of the la ser beam with the ma te rial is 
con sid ered to day in sev eral time do mains of op er a tion:
con tin u ous and pulsed: mil li sec ond, mi cro sec ond, nano -
sec ond, pi co sec ond, and femto second. De pend ing on the 
dy namic mode of op er a tion of the la ser, var i ous prob -
lems of a tech ni cal (en gi neer ing) and the o ret i cal na ture
ap pear. Cer tain la ser de signs are equally rep re sented in
in dus try, elec tri cal en gi neer ing, mi cro elec tron ics, sci -
ence, and med i cine.

This pa per pres ents the ef fect of pump ing la ser
tech nol ogy in the fight against mi cro or gan isms in in tel li -
gent build ings.

SO LAR AND PHO TO VOL TAIC
SYS TEMS IN THE EU RO PEAN UN ION

Ap pli ca tion of so lar sys tems

At mo spheric changes and changed en er getic
con di tions on planet Earth are con se quences of tech -
no log i cal de vel op ment. It should be em pha sized that
the larg est source of en ergy on Earth orig i nates di -
rectly from the Sun [3, 4]. Al though seem ingly with no 
pri or ity, re new able sources of en ergy have been used
more and more for eco log i cal and eco nomic rea sons.
The price dif fer ence be tween so lar en ergy and other
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con ven tional tech nol o gies can be re duced only with
fur ther de vel op ment of semi con duct ing di ode sta bil i -
ties and their re sis tance to the im pacts of pri mary and
sec ond ary cos mic ra di a tion [3]. 

It can be con cluded that one of the pri mary Eu ro -
pean Un ion (EU) aims is, by 2030, to raise the en ergy
and en er getic ac tiv ity sav ings by up to 30 %, thus fol -
low ing up the al ready achieved re sults [4]. Through
many case stud ies, the EU points to the ne ces sity of ex -
panded ex ploi ta tion of so lar en ergy sys tems in ur ban
ar eas, whose ap pli ca tion cre ates eco nomic and eco -
log i cal ben e fits and thor oughly af fects better liv ing
com fort [5]. PV UP-SCALA con sor tium, as well as the 
ICA PVPS pro gram, are only some of the fur ther prac -
tice ex am ples of so lar sys tems ap pli ca tion in the EU,
which should be taken as guide lines for the im ple men -
ta tion of these pro jects in our coun try also [6, 7]. 

Ap pli ca tion of pho to vol taic
sys tems in EU cit ies

Through con duct ing the na tional goals for the
im ple men ta tion of so lar tech nol ogy, nu mer ous ini tia -
tives were or ga nized within the EU for pro ject ing and
im ple ment ing as large a fund of photovoltaics, in clud -
ing all the pos si ble risks be fore and af ter the so lar sys -
tem is im ple mented.  Pho to vol taic sys tems in ur ban
pol i tics are a stra te gic pro ject fi nanced by the Eu ro -
pean fund whose mem bers used the ex pe ri ences
gained in the Neth er lands, Ger many, France, Spain,
and Great Brit ain. This pro ject com ple ments the ac tiv -
ity con ducted by the In ter na tional Agency for En ergy.
The gen eral pub lic is fa mil iar with the so lar en ergy po -
ten tial. The price of so lar tech nol ogy, as a lim it ing fac -
tor, has been re duced [8] bear ing in mind that the price
of so lar en ergy has been in a sig nif i cant drop. There -
fore, this tech nol ogy is be com ing very com pet i tive in
the mar ket in com par i son with other types of en ergy.

Im ple men ta tion of pho to vol taic en ergy is much
faster than it was ex pected, es pe cially in ur ban en vi -
ron ments of de vel oped coun tries. This ef fect can be
ex plained in two ways: flex i bil ity of ap pli ca tion, and
econ omy.

The value of in vest ment in pho to vol taic tech nol -
ogy is ex posed to var i ous risks, whether they be op er a -
tional or con struc tional. Those risks need to be trans -
par ent and thus very pre dict able to any one will ing to
in vest [9]. Pho to vol taic sys tems in ur ban pol i tics are a
pro ject of de vel op ing huge en ergy nets. The in volve -
ment of many coun tries in the de vel op ment of this pro -
ject re sulted in the de ter mi na tion of the most suc cess -
ful im ple men ta tion meth ods. By in ten sive ap pli ca tion
of pho to vol taic nets, whole res i den tial blocks were
built whose en ergy sup ply was based on pho to vol taic
en ergy con ver sion. Fig ure 1 shows res i den tial pre -
mises with so lar en ergy tech nol ogy in North Reina –
Westfalia (NRW) [10].

ELEC TRO ENERGETICS AND
UTI LI ZA TION OF RE NEW ABLE
SOURCES IN THE RE PUB LIC OF SER BIA

The pro duc tion of elec tric power for dif fer ent
ap pli ances should be fol low ing na ture. So lar cells uti -
lize only one en ergy source, so lar en ergy. Be sides this,
they are suit able for han dling and due to that, they are
get ting a dis tin guished po si tion re gard ing the wide
range of ap pli ca tions. The lower price of photo con -
nec tors made them very com pet i tive in the mar ket.
These cells could un der take a part of the role of build -
ing ma te ri als. Based on the rich an a lyzed ex pe ri ence
with the pro duc tion and ap pli ca tion of so lar en ergy in
the EU, a ques tion is raised of what the cir cum stances
are in the Re pub lic of Ser bia.

In ten sive uti li za tion of so lar en ergy and other re -
new able types of en ergy in Ser bia will de pend on con -
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Fig ure 1. Res i den tial pre mises with so lar en ergy tech nol ogy in North Reina – Westfalia (NRW), the color of a pho to vol taic
in stal la tion on a build ing (ASG) [10]



duct ing the “Na tional Ac tion Plan for the Use of Re new -
able En ergy Sources (NAPOIE)” [11]. The num ber of
sunny hours in Ser bia goes up to over 2000, which is
more than many other Eu ro pean coun tries. Even though
Ser bia pos sesses a sig nif i cant amount of re new able en -
ergy, the ac tiv ity in this field so far has been quite in sig -
nif i cant. The rea sons for that are in suf fi cient de vel op -
men tal sup port and fi nan cial in vest ments in re new able
en ergy.

RE LI ABIL ITY OF PHO TO VOL TAIC
SYS TEMS IN UR BAN CEN TERS

Pho to vol taic cells were ear lier mostly made of
monosilicon and were more or less harm less. To get as
great as pos si ble en ergy thick ness, so lar cells started
be ing pro duced of poly mer or or ganic ma te ri als ad -
vanced in time [12, 13]. Or ganic cells are light and ap -
plied over plas tic fo liage, but they are treated as a dan -
ger ous build ing ma te rial due to be ing flam ma ble. For
that rea son, var i ous la ser de tec tors are nec es sary
within the sys tems of so lar cells which could ig nite
and cause fire in side the con struc tion ob ject.

To min i mize this harm ful ef fect, pump ing of the
used-up pho to vol taic sys tems must be en abled [13]. In 
[14], there is a thor ough phys i cal and math e mat i cal
ex pla na tion of how the method of pho to vol taic sys -
tems' pump ing can se cure the minimization of the
dam age and break downs caused by the ap pear ance of
bi o log i cal mat ters in side the pho to vol taic sys tems of
ur ban pre mises.

ELIM I NA TION AND THE BEST POS SI BLE
CLEAN ING OF PHO TO VOL TAIC SYS TEMS
FROM BI O LOG I CAL CON TENT IN UR BAN
CEN TERS BY PUMP ING OP TI MI ZA TION
OF LA SER SYS TEMS

The com plex ity and ver sa til ity of bi o log i cal sys -
tems and ob jects, as well as big dif fer ences in the char ac -
ter of their in ter ac tions with elec tro mag netic ra di a tion,
es pe cially in the op ti cal area, de ter mine a wide range of
meth ods for di ag nos tics of these phe nom ena. Real-life
prac tice showed that long-ex piry and high-in ten sity la -
sers should be used for that pur pose [15]. They cover
wave length ar eas of 100-300 µm and power of a few Hz
to doz ens of GHz. Fig ure 2 shows the lev els of power and 
en ergy of some of the most pop u lar and fre quently used
la sers. The lat est ex per i ments show that the re sults of the
elim i na tion and de struc tion of bi o log i cal waste mostly
de pend on the la ser sys tem pump ing [16].

Clas sic photobiology, us ing com mon sources of
ra di a tion, has suc cess fully de vel oped in time. The
prob lem of elim i na tion of liv ing en ti ties and de struc -
tion of their bi o log i cal rem nants in ur ban ar eas is a mi -
nor as pect of ap pli ca tion and can be con ducted only
with la ser sources hav ing change able pa ram e ters.

To ob tain vari able ra di a tion, the phe nom e non of
Raman combinatory scat ter ing (RSC) is most fre quently 
used. One rep re sen ta tive of the RSC la sers is semi con -
duct ing InSb, based on the Raman scat ter ing with a spin
vari a tion [17]. The wave length area of this la ser, while
pump ing with CO la ser ra di a tion, is 5-6,5 µm, and while
pump ing with CO2 la ser, it is 9-14 µm. Gen er a tion
power is  achieved  in  wide  spec ter ar eas, with a speed
of 2 cm kHz–1. While uti liz ing super con duct ing mag -
nets, the ad just ing area is ap prox i mately 80 cm–1.

RAMAN LA SERS, ON RSC IN GASES
AND CON DENSED EN VI RON MENTS

Us ing a la ser with col ors [18] as a source of pump -
ing en ables the Raman la sers with hy dro gen gases to ob -
tain equal preregulation in the 185 nm – 7 µm area. For a
con densed ac tive en vi ron ment, such as a sin gle-mode
quartz fi ber light con duc tor, there is no con di tion ing in -
side the vari able pump ing source. Us ing the ra di a tion of
a few watts of strong gran ite la sers in a few hun dred me -
ters long fi ber light con duc tor, ra di a tion is ob tained in the 
area of 1,08-1,13 µm for the first and 1,15-1,175 µm for
the sec ond Stock's the o rem. RSC la sers re fer to a wide
va ri ety of la ser sys tems us ing dif fer ent meth ods of non -
lin ear op tics. Gen er a tors of the sec ond har monic, gen er a -
tors of fre quency dif fer ence, and pa ram e ter gen er a tors
be long there as well. This type of la ser ex hib its an op ti -
mal in ten sity of co her ent ra di a tion. 

For gen er at ing the sec ond har monic, crys tals
LiNbO3 (with a pump ing wave length of l = 1.06 µm) are
most fre quently used. The trans for ma tion ef fi cacy of the
sec ond har monic is usu ally not big ger than 10-50 %. In
that way, both la ser ra di a tion with a fixed and with a vari -
able fre quency can be trans formed. It is es sen tial to pro -
vide syn chro nized an gled tem per a ture set tings of a non -
lin ear crys tal for achiev ing a stage wave syn chro ni za tion
that interreacts. While us ing the color la ser with fre -
quency dis tanc ing, an area of 217 µm to 450 µm is cov -
ered [19]. For gen er at ing the ra di a tion of nom i nal fre -
quen cies and higher har mon ics, it is pos si ble to use
blends of in ert gases and metal steam to gether with crys -
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Fig ure 2.  Sche matic pre sen ta tion of a la ser de vice [16]



tals. This wid ens the ar eas of set ting and co her ent ra di a -
tion up to the vac uum UV field (four har mon ics of a
gran ite la ser with l = 2,66 µm in a blend of Xe-Ar leads
to a ra di a tion emis sion on l = 88,7 µm).

Non lin ear ra di a tion mix ing of two la sers with
vis i ble area, one of which is ad just able, en ables the
gen er at ing of dif fer ent fre quen cies in the IC spec ter
area and that is the ba sis for build ing spec trom e ters of
var i ous ranges. With an Ar

+ ion la ser and a color la ser,
whose ra di a tions are mix ing in the crys tal LiNbO3, it is
pos si ble to ob tain vari able co her ent ra di a tion in the
area of 2,2-4,2 m [19]. As for the non lin ear op ti cal de -
vices, an im por tant place be longs to the pa ram e ter
gen er a tor of light (PGL) which rep re sents a non lin ear
crys tal within the op ti cal res o na tor. It is pumped by a
la ser with a fixed fre quency. PGL is set ei ther by ro tat -
ing the crys tal or by chang ing its tem per a ture. While
pump ing the crys tal LiNbO3 with the sec ond har monic
gran ite la ser ra di a tion, a pa ram e ter gen er a tion is ob -
tained in the area of 0,55-4 µm. Crys tal ro ta tion of 40°
changes its wave length from 1,4 to 4 µm [20].

One of the most im por tant fea tures of la sers is
the abil ity to re ceive very short light im pulses. Only
the ba sic prin ci ples of re ceiv ing short and super short
im pulses are given, to gether with some data ex plain -
ing the pos si bil i ties of the la sers al ready de scribed.
The term super short im pulse length has changed by
sev eral or ders of mag ni tude since the 1980th [21]. For
get ting gi gan tic im pulses, the re gime of fac tor mod u -
la tion is ap plied in the res o na tor. It is ob tained by swift
switch ing on and off of the losses in the res o na tor. This 
re gime is char ac ter ized by shorter and much stron ger
im pulses com pared to the re gime of free gen er a tion. 
Elec tro-op ti cal, mag netic-op ti cal, acous tic-op ti cal, or
me chan i cal mod u la tors are used as op ti cal lids. Those
are pas sive lids on col ors and al ka line halogenic crys -
tals with color cen ters or gases with suit able zones of
ab sorp tion, which is a non lin ear ab sorp tion in side the
res o na tor. The mod u la tion fac tor re gime is achieved
with all la ser types. Most fre quently, it is used for ob -
tain ing short and strong im pulses in la sers at tached to a 
hard en tity or CO2 la sers. Typ i cal val ues of the gi gan -
tic im pulse length are 10-100 ns.

Sig nif i cantly shorter lengths can be ob tained in the
re gime of syn chro ni za tion of mul ti ple hor i zon tal, nar -
row, lon gi tu di nal (TEM00q) modes. If a cer tain phase cor -
re la tion among the modes is set, some modes ex hibit ra -
di a tion in synchronicity. That re gime is called in duced
mode syn chro ni za tion. To achieve in duced syn chro ni za -
tion, mod u la tion of losses or op ti cal length of the res o na -
tor is used, through elec tro-op ti cal and acous tic-op ti cal
mod u la tors whose fre quen cies are close to the
intermodular fre quency in ter val C/2nL, fig. 3  [22].

In the syn chro ni za tion re gime, modes in ter -
vene in ter nally and ex press short light im pulses.
Their length is de ter mined by the spec ter width and
the width of the gen er at ing line, ti = 1/Dg, where ti is
pulse length, and Dg – width of the source line

(109-1010 Hz). The im pulses are de ter mined by the
time in ter val Dt, which is de fined by the intermodal
fre quency in ter val, Dt = 2nL/c, where nL is op ti cal
length of the res o na tor, c- speed of light, and n – re -
frac tive in dex of the ac tive me dium. The length for
gas la sers is sub-nano sec ond. For la sers at tached to
a hard  en tity,  the lengths are Dg » 1012 – 1013 Hz and
ti < ps. For la sers on col ors, Dg = 1014 Hz, and ac tu -
ally, femto seconds of length can be achieved [22].

The method of syn chro nized op ti cal pump ing is
con sid ered to be a very ef fi cient method for ob tain ing
super short im pulses 10–11-10–13 s, with ad just ing of
the wave length. This method con sists of en forced ac -
tive mid-la ser mod u la tion with fre quen cies, which can 
be ei ther equal or rep re sent a mul ti ple of re cip ro cal
res o na tor time in ter val rounds. Such a la ser gen er ates
bunches of im pulses, syn chro nously fol low ing the im -
pulses of pump ing. If the source of pump ing is a la ser
with syn chro nized modes, the op ti cal length of the la -
ser pump and the vari able la ser must be highly pre -
cisely aligned [22].

More or less for all the vari able la sers taken into
con sid er ation in this work, syn chro nous pump ing was
achieved. Those are la sers on color cen ters, semi con -
duct ing and Raman la sers, para met ric gen er a tors, and la -
sers on or ganic col ors which started ex pand ing their ap -
pli ca tion and have been in dus tri ally pro duced for quite a
long time now. Some of the fea tures they have are a wide
area of set tings, sig nif i cant ef fi cacy, and the abil ity to
gen er ate im pulses much less in length than the im pulses
of pump ing. Those are im pulses of high spec tral qual ity.
Due to that fea ture, they are of spe cial in ter est for pre cise
ki netic spec tros copy and fi ber-op ti cal sys tems, serv ing
the pur pose of im pulse com pres sion in time.

Us ing the method of syn chro nized pump ing, im -
pulses with lengths in the range be tween a few pi co sec -
onds to a few hun dred femto seconds are usu ally ob tained.
For la sers on col ors with syn chro pump ing, typ i cal im -
pulses are 2,5-10 ps of me dium power 80-100 mW, with
re cur rence fre quency of in di vid ual im pulses of 100 mW
and with the en ergy of in di vid ual im pulse 1-20 nJ and
max i mum power of 0,5-2 kW.
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Fig ure 3. The spec ter of lon gi tu di nal la ser modes [22]



It used to be con sid ered that the short est im pulses
were ob tained in la sers on col ors around 40 fs in length.
Their am pli fi ca tion of 250 kW power in the peak and
max i mal com pres sion in one fi ber 0,7 cm long light con -
duc tor en able them to ob tain 8 ps long im pulses, which
rep re sents al most four pe ri ods of op ti cal os cil la tion and
is close to the the o ret i cal limit.

La sers with syn chro nized mode have a high fre -
quency of sev eral kHz and sev eral GHz. One of their
ba sic fea tures is a large mid en ergy of the im pulse.

CON CLU SIONS

 The pa per thor oughly ex plored the com bi na tion
of a pho to vol taic en ergy source and a de tec tor, i. e. the
eliminator of bi o log i cal con tami na tors. The em pha sis
was on la ser sys tems that can be built-in in side pre -
mises with pho to vol taic power sup ply sys tems, to re -
move bi o log i cal col o nies that could bring about a
com plete func tional col lapse of the power sup ply sys -
tem. For that pur pose, la ser sys tems usu ally used in
med i cal, di ag nos tic, and ag gres sive pro ce dures were
cho sen. Sig nif i cant at ten tion was paid to choos ing a
la ser sys tem for di ag nos tics and elim i na tion of un -
wanted bi o log i cal sys tems con sist ing of wide spec ter
of wave lengths, im pulse du ra tion, and power. La ser
sys tems with pump ing were cho sen since they sup port
op er at ing which pro vides the la ser im pulse power -
start ing with the one nec es sary for lo ca tion and iden ti -
fi ca tion of the bi o log i cal sys tem, up to its phys i cal
elim i na tion. Based on the pro vided find ings, it is pos -
si ble to make sug ges tions for the fur ther de vel op ment
of one such sys tem, which could have an even wider
spec ter of im pact and better ef fi cacy.

Pro tec tion of com mu ni ca tion ca bles, done by la -
ser pro tec tion can be rec om mended in fu ture de signs
of in tel li gent build ings.
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Vesna Z. TRIFUNOVI]-DRAGI[I], Iva M. DESPOTOVI]

LASERSKI  SISTEMI  ZA  DETEKCIJU  BIOLO[KIH
JEDINKI  U  OBJEKTIMA  SA  FOTONAPONSKIM  SISTEMIMA  KAO

FUNKCIJA  ZELENE  GRADWE

U klasi~noj arhitekturi ~est prob lem sa elektri~nim instalacijama pravili su glodari 
koji su zubima sekli instalacioni sistem. Kod savremenih arhitektonskih sistema sa
fotonaponskim izvorima energije uz elemente, inteligencije objekta sistema za prenos
informacija i energije, mikroorganizmi uni{tavaju opti~ke i druge tipove instalacija. U ovom
radu, prikazani su sistemi izgradwe stambenih objekata sa fotonaponskim izvorima energije na
osnovu kojih se jasno vidi koji su delovi urbanih celina ugro`eni mogu}no{}u pojave
mikroorganizama. Nakon toga je dat pregled laserskih tehnika za detekciju, identifikaciju i
uni{tewe ovakvih mikroorganizama. Zakqu~eno je u kom pravcu treba daqe razvijati laserski
sistem za za{titu inteligentnih zgrada od biolo{ke kontaminacije.

Kqu~ne re~i:  fotonapon, energija, la ser, mikroorganizam, laserski sistem, biolo{ka
...........................kontaminacija 


