V. Z. Trifunovic¢-Dragisic, et al., Laser Systems for Detecting Biological Entities ...
Nuclear Technology & Radiation Protection: Year 2023, Vol. 38, No. 3, pp. 208-213 208

LASER SYSTEMS FOR DETECTING BIOLOGICAL
ENTITIES IN PREMISES WITH PHOTOVOLTAIC SYSTEMS
AS THE FUNCTION OF GREEN BUILDING

Vesna Z. TRIFUNOVIC-DRAGISIC'" and Iva M. DESPOTOVIC?

1 Academy of Technical and Art Applied Studies Belgrade, Belgrade, Serbia
2 Faculty of Mechanical and Civil Engineering in Kraljevo, University of Kragujevac, Kraljevo, Serbia

Technical paper
https://doi.org/10.2298/NTRP2303208T

Rodents cutting the installation system with their teeth were a frequent issue with electric in-
stallation in the era of classical architecture. However, contemporary architectural systems
with photovoltaic sources of energy, accompanied by premises' smart systems of information
and energy transfer, have microorganisms destroying the optical and other types of installa-
tion. This work represents building systems of residential premises with photovoltaic sources
of energy which point out the segments of urban areas jeopardized by the possible appearance
of microorganisms. Afterward, a review of laser techniques for the detection, identification,
and destruction of such microorganisms was given. It was concluded where to direct the fur-
ther laser system development to protect smart buildings from biological contamination.
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INTRODUCTION

An intelligent building is an optimal combination
of structure, equipment, services, and facility manage-
ment based on user needs, which provides an efficient,
comfortable, convenient, and humane environment. In-
telligent buildings are energy efficient, have efficient
system elements, do not pollute the environment, they
are flexible, adaptable, and easy to use. They are also
easy to manage and control, providing an advanced level
of comfort and convenience. Intelligent buildings are
complex systems, so establishing safety, security and op-
timal operational performance is not without risk. Intelli-
gent buildings have in common smart technology and
connection to a smart electrical grid. In this way, it is pos-
sible to improve energy stability and quality of life [1, 2].
By increasing the stability of the green economy, techno-
logical progress will be more noticeable and the overall
energy supply more acceptable for the protection of the
human environment. However, some microorganisms
attack the power supply system (optical cables) of the
building itself. The presence of microorganisms threat-
ens the efficient elements of the building system and can
lead to the collapse of the quality of comfort as well as
safety. Destruction of these microorganisms can be
achieved by using modern laser technologies.
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Each laser device has its way of optimizing the la-
ser beam absorption process in the corresponding struc-
ture. The interaction of the laser beam with the material is
considered today in several time domains of operation:
continuous and pulsed: millisecond, microsecond, nano-
second, picosecond, and femtosecond. Depending on the
dynamic mode of operation of the laser, various prob-
lems of a technical (engineering) and theoretical nature
appear. Certain laser designs are equally represented in
industry, electrical engineering, microelectronics, sci-
ence, and medicine.

This paper presents the effect of pumping laser
technology in the fight against microorganisms in intelli-
gent buildings.

SOLAR AND PHOTOVOLTAIC
SYSTEMS IN THE EUROPEAN UNION

Application of solar systems

Atmospheric changes and changed energetic
conditions on planet Earth are consequences of tech-
nological development. It should be emphasized that
the largest source of energy on Earth originates di-
rectly from the Sun [3, 4]. Although seemingly with no
priority, renewable sources of energy have been used
more and more for ecological and economic reasons.
The price difference between solar energy and other



V. Z. Trifunovié-DragiSic, et al., Laser Systems for Detecting Biological Entities ...
209 Nuclear Technology & Radiation Protection: Year 2023, Vol. 38, No. 3, pp. 208-213

conventional technologies can be reduced only with
further development of semiconducting diode stabili-
ties and their resistance to the impacts of primary and
secondary cosmic radiation [3].

It can be concluded that one of the primary Euro-
pean Union (EU) aims is, by 2030, to raise the energy
and energetic activity savings by up to 30 %, thus fol-
lowing up the already achieved results [4]. Through
many case studies, the EU points to the necessity of ex-
panded exploitation of solar energy systems in urban
areas, whose application creates economic and eco-
logical benefits and thoroughly affects better living
comfort[5]. PV UP-SCALA consortium, as well as the
ICAPVPS program, are only some of the further prac-
tice examples of solar systems application in the EU,
which should be taken as guidelines for the implemen-
tation of these projects in our country also [6, 7].

Application of photovoltaic
systems in EU cities

Through conducting the national goals for the
implementation of solar technology, numerous initia-
tives were organized within the EU for projecting and
implementing as large a fund of photovoltaics, includ-
ing all the possible risks before and after the solar sys-
tem is implemented. Photovoltaic systems in urban
politics are a strategic project financed by the Euro-
pean fund whose members used the experiences
gained in the Netherlands, Germany, France, Spain,
and Great Britain. This project complements the activ-
ity conducted by the International Agency for Energy.
The general public is familiar with the solar energy po-
tential. The price of solar technology, as a limiting fac-
tor, has been reduced [8] bearing in mind that the price
of solar energy has been in a significant drop. There-
fore, this technology is becoming very competitive in
the market in comparison with other types of energy.

Implementation of photovoltaic energy is much
faster than it was expected, especially in urban envi-
ronments of developed countries. This effect can be
explained in two ways: flexibility of application, and
economy.

The value of investment in photovoltaic technol-
ogy is exposed to various risks, whether they be opera-
tional or constructional. Those risks need to be trans-
parent and thus very predictable to anyone willing to
invest [9]. Photovoltaic systems in urban politics are a
project of developing huge energy nets. The involve-
ment of many countries in the development of this pro-
ject resulted in the determination of the most success-
ful implementation methods. By intensive application
of photovoltaic nets, whole residential blocks were
built whose energy supply was based on photovoltaic
energy conversion. Figure 1 shows residential pre-
mises with solar energy technology in North Reina —
Westfalia (NRW) [10].

ELECTRO ENERGETICS AND
UTILIZATION OF RENEWABLE
SOURCES IN THE REPUBLIC OF SERBIA

The production of electric power for different
appliances should be following nature. Solar cells uti-
lize only one energy source, solar energy. Besides this,
they are suitable for handling and due to that, they are
getting a distinguished position regarding the wide
range of applications. The lower price of photo con-
nectors made them very competitive in the market.
These cells could undertake a part of the role of build-
ing materials. Based on the rich analyzed experience
with the production and application of solar energy in
the EU, a question is raised of what the circumstances
are in the Republic of Serbia.

Intensive utilization of solar energy and other re-
newable types of energy in Serbia will depend on con-

Figure 1. Residential premises with solar energy technology in North Reina — Westfalia (NRW), the color of a photovoltaic

installation on a building (ASG) [10]
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ducting the “National Action Plan for the Use of Renew-
able Energy Sources (NAPOIE)” [11]. The number of
sunny hours in Serbia goes up to over 2000, which is
more than many other European countries. Even though
Serbia possesses a significant amount of renewable en-
ergy, the activity in this field so far has been quite insig-
nificant. The reasons for that are insufficient develop-
mental support and financial investments in renewable
energy.

RELIABILITY OF PHOTOVOLTAIC
SYSTEMS IN URBAN CENTERS

Photovoltaic cells were earlier mostly made of
monosilicon and were more or less harmless. To get as
great as possible energy thickness, solar cells started
being produced of polymer or organic materials ad-
vanced in time [12, 13]. Organic cells are light and ap-
plied over plastic foliage, but they are treated as a dan-
gerous building material due to being flammable. For
that reason, various laser detectors are necessary
within the systems of solar cells which could ignite
and cause fire inside the construction object.

To minimize this harmful effect, pumping of the
used-up photovoltaic systems must be enabled [13]. In
[14], there is a thorough physical and mathematical
explanation of how the method of photovoltaic sys-
tems' pumping can secure the minimization of the
damage and breakdowns caused by the appearance of
biological matters inside the photovoltaic systems of
urban premises.

ELIMINATION AND THE BEST POSSIBLE
CLEANING OF PHOTOVOLTAIC SYSTEMS
FROM BIOLOGICAL CONTENT IN URBAN
CENTERS BY PUMPING OPTIMIZATION
OF LASER SYSTEMS

The complexity and versatility of biological sys-
tems and objects, as well as big differences in the charac-
ter of their interactions with electromagnetic radiation,
especially in the optical area, determine a wide range of
methods for diagnostics of these phenomena. Real-life
practice showed that long-expiry and high-intensity la-
sers should be used for that purpose [15]. They cover
wavelength areas of 100-300 um and power of a few Hz
to dozens of GHz. Figure 2 shows the levels of power and
energy of some of the most popular and frequently used
lasers. The latest experiments show that the results of the
elimination and destruction of biological waste mostly
depend on the laser system pumping [16].

Classic photobiology, using common sources of
radiation, has successfully developed in time. The
problem of elimination of living entities and destruc-
tion of their biological remnants in urban areas is a mi-
nor aspect of application and can be conducted only
with laser sources having changeable parameters.

Excitation

Mirror with high reflectivity

Mirror with partial transmission

Laser beam

T
// Resonator

Incoherent spontaneously—emitted photons,
not contribution to laser emission

Figure 2. Schematic presentation of a laser device [16]

To obtain variable radiation, the phenomenon of
Raman combinatory scattering (RSC) is most frequently
used. One representative of the RSC lasers is semicon-
ducting InSb, based on the Raman scattering with a spin
variation [17]. The wavelength area of this laser, while
pumping with CO laser radiation, is 5-6,5 um, and while
pumping with CO, laser, it is 9-14 um. Generation
power is achieved in wide specter areas, with a speed
of 2 cm kHz!. While utilizing superconducting mag-
nets, the adjusting area is approximately 80 cm .

RAMAN LASERS, ON RSC IN GASES
AND CONDENSED ENVIRONMENTS

Using a laser with colors [ 18] as a source of pump-
ing enables the Raman lasers with hydrogen gases to ob-
tain equal preregulation in the 185 nm— 7 pm area. For a
condensed active environment, such as a single-mode
quartz fiber light conductor, there is no conditioning in-
side the variable pumping source. Using the radiation of
a few watts of strong granite lasers in a few hundred me-
ters long fiber light conductor, radiation is obtained in the
area of 1,08-1,13 um for the firstand 1,15-1,175 um for
the second Stock's theorem. RSC lasers refer to a wide
variety of laser systems using different methods of non-
linear optics. Generators of the second harmonic, genera-
tors of frequency difference, and parameter generators
belong there as well. This type of laser exhibits an opti-
mal intensity of coherent radiation.

For generating the second harmonic, crystals
LN, O; (with a pumping wavelength of A = 1.06 pm) are
most frequently used. The transformation efficacy of the
second harmonic is usually not bigger than 10-50 %. In
that way, both laser radiation with a fixed and with a vari-
able frequency can be transformed. It is essential to pro-
vide synchronized angled temperature settings of a non-
linear crystal for achieving a stage wave synchronization
that interreacts. While using the color laser with fre-
quency distancing, an area of 217 um to 450 um is cov-
ered [19]. For generating the radiation of nominal fre-
quencies and higher harmonics, it is possible to use
blends of inert gases and metal steam together with crys-
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tals. This widens the areas of setting and coherent radia-
tion up to the vacuum UV field (four harmonics of a
granite laser with A = 2,66 um in a blend of Xe-Ar leads
to a radiation emission on A = 88,7 um).

Nonlinear radiation mixing of two lasers with
visible area, one of which is adjustable, enables the
generating of different frequencies in the IC specter
area and that is the basis for building spectrometers of
various ranges. With an A " ion laser and a color laser,
whose radiations are mixing in the crystal L;N, O3, it is
possible to obtain variable coherent radiation in the
area of 2,2-4,2 m [19]. As for the nonlinear optical de-
vices, an important place belongs to the parameter
generator of light (PGL) which represents a nonlinear
crystal within the optical resonator. It is pumped by a
laser with a fixed frequency. PGL is set either by rotat-
ing the crystal or by changing its temperature. While
pumping the crystal L;N,O; with the second harmonic
granite laser radiation, a parameter generation is ob-
tained in the area of 0,55-4 um. Crystal rotation of 40°
changes its wavelength from 1,4 to 4 pm [20].

One of the most important features of lasers is
the ability to receive very short light impulses. Only
the basic principles of receiving short and super short
impulses are given, together with some data explain-
ing the possibilities of the lasers already described.
The term super short impulse length has changed by
several orders of magnitude since the 1980 [21]. For
getting gigantic impulses, the regime of factor modu-
lation is applied in the resonator. It is obtained by swift
switching on and off of the losses in the resonator. This
regime is characterized by shorter and much stronger
impulses compared to the regime of free generation.
Electro-optical, magnetic-optical, acoustic-optical, or
mechanical modulators are used as optical lids. Those
are passive lids on colors and alkaline halogenic crys-
tals with color centers or gases with suitable zones of
absorption, which is a nonlinear absorption inside the
resonator. The modulation factor regime is achieved
with all laser types. Most frequently, it is used for ob-
taining short and strong impulses in lasers attached to a
hard entity or CO, lasers. Typical values of the gigan-
tic impulse length are 10-100 ns.

Significantly shorter lengths can be obtained in the
regime of synchronization of multiple horizontal, nar-
row, longitudinal (TEM,,,) modes. Ifa certain phase cor-
relation among the modes is set, some modes exhibit ra-
diation in synchronicity. That regime is called induced
mode synchronization. To achieve induced synchroniza-
tion, modulation of losses or optical length of the resona-
tor is used, through electro-optical and acoustic-optical
modulators whose frequencies are close to the
intermodular frequency interval C/2nL, fig. 3 [22].

In the synchronization regime, modes inter-
vene internally and express short light impulses.
Their length is determined by the specter width and
the width of the generating line, 7;= 1/Ay, where 7, is
pulse length, and Ay — width of the source line

(10°-10'° Hz). The impulses are determined by the
time interval Az, which is defined by the intermodal
frequency interval, Af = 2nL/c, where nL is optical
length of the resonator, c- speed of light, and n — re-
fractive index of the active medium. The length for
gas lasers is sub-nanosecond. For lasers attached to
ahard entity, the lengthsare Ay~ 10'>2—~10'3 Hzand
7, < ps. For lasers on colors, Ay= 10'4 Hz, and actu-
ally, femtoseconds of length can be achieved [22].

The method of synchronized optical pumping is
considered to be a very efficient method for obtaining
super short impulses 1071'-10713 s, with adjusting of
the wavelength. This method consists of enforced ac-
tive mid-laser modulation with frequencies, which can
be either equal or represent a multiple of reciprocal
resonator time interval rounds. Such a laser generates
bunches of impulses, synchronously following the im-
pulses of pumping. If the source of pumping is a laser
with synchronized modes, the optical length of the la-
ser pump and the variable laser must be highly pre-
cisely aligned [22].

More or less for all the variable lasers taken into
consideration in this work, synchronous pumping was
achieved. Those are lasers on color centers, semicon-
ducting and Raman lasers, parametric generators, and la-
sers on organic colors which started expanding their ap-
plication and have been industrially produced for quite a
long time now. Some of the features they have are a wide
area of settings, significant efficacy, and the ability to
generate impulses much less in length than the impulses
of pumping. Those are impulses of high spectral quality.
Due to that feature, they are of special interest for precise
kinetic spectroscopy and fiber-optical systems, serving
the purpose of impulse compression in time.

Using the method of synchronized pumping, im-
pulses with lengths in the range between a few picosec-
onds to a few hundred femtoseconds are usually obtained.
For lasers on colors with synchro pumping, typical im-
pulses are 2,5-10 ps of medium power 80-100 mW, with
recurrence frequency of individual impulses of 100 mW
and with the energy of individual impulse 1-20 nJ and
maximum power of 0,5-2 kW.

g n Ppeak ﬂ n
o
1/Repetition rate
- -

P

3 -

Figure 3. The specter of longitudinal laser modes [22]
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It used to be considered that the shortest impulses
were obtained in lasers on colors around 40 fs in length.
Their amplification of 250 kW power in the peak and
maximal compression in one fiber 0,7 cm long light con-
ductor enable them to obtain 8§ ps long impulses, which
represents almost four periods of optical oscillation and
is close to the theoretical limit.

Lasers with synchronized mode have a high fre-
quency of several kHz and several GHz. One of their
basic features is a large mid energy of the impulse.

CONCLUSIONS

The paper thoroughly explored the combination
of a photovoltaic energy source and a detector, . e. the
eliminator of biological contaminators. The emphasis
was on laser systems that can be built-in inside pre-
mises with photovoltaic power supply systems, to re-
move biological colonies that could bring about a
complete functional collapse of the power supply sys-
tem. For that purpose, laser systems usually used in
medical, diagnostic, and aggressive procedures were
chosen. Significant attention was paid to choosing a
laser system for diagnostics and elimination of un-
wanted biological systems consisting of wide specter
of wavelengths, impulse duration, and power. Laser
systems with pumping were chosen since they support
operating which provides the laser impulse power -
starting with the one necessary for location and identi-
fication of the biological system, up to its physical
elimination. Based on the provided findings, it is pos-
sible to make suggestions for the further development
of one such system, which could have an even wider
specter of impact and better efficacy.

Protection of communication cables, done by la-
ser protection can be recommended in future designs
of intelligent buildings.
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Becna 3. TPUOYHOBHUh-AIPATNIING, Msa M. JECIIOTOBUH

JACEPCKHN CUCTEMMU 3A NETEKIINIJY BUOJJOMKUX
JEIUHKN Y OBJEKTUMA CA ®OTOHAIIOHCKUM CHUCTEMHUMA KAO
OYHKIIMJA 3EJIEHE I'PAOIBE

Y KJ1acMYHOj apXUTEKTYPHU YeCT IPOOJIEM ca eJIEKTPUYHIM HHCTANAlldjaMa TPaBUIIHK Cy TIIOfjapH
Koju cy 3y0MMa ceknM HHcTajzanuoHu cucreM. Koj caBpeMeHHX apXUTEKTOHCKHMX CHCTEeMa ca
(pOTOHANIOHCKUM H3BOpUMA CHEpruje y3 eJeMeHTe, HMHTEJUreHIje ofjeKTa cHcTeMa 3a MPeHOC
uH(popManuja u eHepruje, MUKpoOpraHUu3My YHUIITABajy ONTUYKE U [pyre TUIOBE UHCTaIanyja. Y OBOM
pajy, IpUKa3aHU Cy CUCTEMHU U3rpajilbe cTaMOeHUX o0jeKkaTa ca (hOTOHANOHCKUM U3BOPHMa €HEPruje Ha
OCHOBY KOjHUX C€ jaCHO BHUAM KOjU Cy JeJOBH YypOaHMX UeJMHAa YrpoxKeHu MoryhHourhy mnojase
MHUKpoopranmnzama. HakoH Tora je fat mpersej Jacepckux TeXHHKA 3a AeTeKUHjy, UACHTU(UKAII]Y U
YHUIIITEH€ OBAaKBUX MUKPOOpraHmn3ama. 3akJby4deHO je y KOM TpaBily Tpeba fajbe pa3BHjaTu JIaCcepPCKU
CHCTEM 32 3aIITUTY MHTEJUTeHTHHUX 3rpajia off OMOJIOIIKE KOHTaMUHALH]E.

Kmyune peuu: ¢ottionailon, eHepzuja, nacep, MUKPOOPZAHUIAM, AACEPCKU CUCTIEM, OUOAOULKA

KOHIUamuHayuja



