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ENVIRONMENTAL ASSESSMENT OF SOLAR CELL MATERIALS

Abstract: In today’s world, fossil fuels, including coall,cand gas, are the primary energy sources fronttwhi
electricity is obtained. As they are exhaustiblal dheir exploitation has a negative impact on tkural
environment, they should be, at least partiallplaeed by renewable energy sources. The implenentaf this
goal depends on a number of factors, including adoahd political, the existence of investment suppo
programmes, and the need to lower electricity primed ensuring energy security. One of these s®uscsolar
energy. Each year, the Earth receives around@® kWh of solar energy, which is more than 1000 tirtres
current global energy demand. This is thereforast source of energy that can be tapped to satisfian energy
requirements. The use of solar energy releasesOw €03, or NO, gases, and does not contribute to global
warming. Photovoltaics is one of the technologiémttmakes it possible to generate electricity in
an environmentally friendly manner. By using thermgy of solar radiation, a photovoltaic cell cortseznergy
without emitting harmful substances to the atmospheoise, and waste. Photovoltaics is the cleanebhology
among all the technologies that use renewable gn&gnsidering the shorter and shorter times nedded
generate energy equal to that required by the negoldlduction process, during its lifetime it wiloduce much
more electricity than was used to produce it. Te@ilts in a reduction in greenhouse gas emisskmrsexample,
during its lifetime, a 200 Wp module prevents theission of over four tonnes (Mg = %6) of carbon dioxide.
Although the technologies for the production of fvoltaic cells and modules entail a lower enviremal
burden compared to other sources of electricitg, itecessary to remember about the risks assdaidgtie the use
of chemicals at the stage of module productionchviiireatens their release to groundwater or adt the need to
recycle modules after their disassembly. Also, éhergy consumption in the production phase of Pifesys
significantly worsens the ecological balance. Tdriicle presents an analysis of the impact of tla¢enmls and
technologies used on the result of the environnhemtalysis of PV installations. In the article aailed energy
balance analysis of the EPBT value has been castiedThe values of greenhouse gas emissions thootighe
life cycle of the solar module were determined. ivels of limiting the impact of photovoltaic techogies on the
natural environment were indicated.

Keywords: photovoltaic modules, photovoltaic materials, daas substances, emissions, electric energy,
environmental impact

I ntroduction

In practice, photovoltaic devices are used as gnsogirces in various applications
from small devices such as watches or calculatbreugh lighting pedestrian crossings, to
large installations with a power of many megawatteducing energy for the electricity
grid from which industrial and residential buildsgre supplied.

Photovoltaic modules can be applied in differemtems, such as solar air heating and
cooling systems, solar water heaters and solardbaseping system - an electrical pump
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system in which the electricity is provided by phatiltaic modules. All these applications
are environmental-friendly solutions of the devices

One of the most potential applications of solarrgpes the supply of hot air for the
drying of agricultural, textile, marine productsedting of buildings to maintain
a comfortable environment. Hybrid PV/T type solarteeater shows their viability in force
convection type air heating with electricity protan. Solar air heaters can be equipped
with thermal storage unit with phase change mdggriwhat improves the energy
balance [1].

Another interesting example is the use of phot@iolpower for storing food products
at a reduced temperature. Qian et al. [2] invesgtija system for cooling oysters, which is
a food product, while improving water quality bitdring out sediment. The authors found
that maintaining an even temperature distributimproves product quality while reducing
energy consumption.

Another innovative solution is the use of photoaimtmodules to power water pumps
for groundwater and groundwater for agriculturabpy without access to the power
grid [3].

Yishu Li [4] presented a summary of the impact afious energy generation systems,
referring to the 10 major adverse impacts (Tableltlcan be seen that photovoltaic
achieves the most favourable position in this nagki

Table 1
The most significant negative impacts caused Hemdifit sources of electricity [4]

Type of impact Coal C%rrillbustlgnalsaasecéiomass Nuclear Hydro Wind Solar
Resource depletion X X x x
Land use, visual impac X X x x x
Watercourse regulation x
Noise x
Thermal releases X X X X x
Radiation X
Air quality X X x x
Acidification X X X
Eutrophication X X X x
Greenhouse effect X X X X

The basic material for the production of photovaltzells is silicon. It is used for the
production of over 90 % of the modules, both moaad multicrystalline, which are
commercially available [5].

Despite extensive work carried out all over the ldido replace silicon with another,
cheaper material, silicon is still in the leadingsjion due to relatively high efficiency
guaranteed over the entire lifetime of the modules.

Crystalline silicon cells are classified into thigg@ups depending on the further course
of the silicon substrate production process (Fjg. 1
 monocrystalline; monocrystalline silicon is pradd from molten polycrystalline

silicon by the Czochralski method, who developednit1916, or by float-zone

method [6],

e multicrystalline or polycrystalline; depending dhe size of the grains with one
crystallographic orientation: multicrystalline: 1 mm to 10 cm, polycrystalline:
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from 1 pum to 1 mm [7]; the process of producing multicriista silicon consists in the

controlled melting and re-solidification of silicama quartz crucible,

» silicon tapes and films; obtained by the EFG rodttEdge-Defined Film-Fed Growth)
[8] - this is a method of removing a tape formedaographite matrix from a molten
silicon material.

Monocrystalline silicon cells have the greatesticefficy, while being the most
expensive. Slightly cheaper multicrystalline celtsnot guarantee the same high efficiency,
hence their market share is smaller. Researchitig loarried out around the world on new
technologies that will reduce the price of firstngetion modules by reducing the
consumption of semiconductor materials and elattric

Multicrystalline cells are only slightly lagging hied in potential efficiency.

Second-generation photovoltaic technologies aren-fim cells (Fig. 1).
The advantage of thin-film technologies is a sigaifit reduction in the consumption of
expensive materials, and thus an improvement iptice-to-power ratio of the cell.

There are currently three basic types of thin fillls [9]:

— amorphous silicon cells (a-Si and a48i-5i);

— cadmium telluride (CdTe) cells;

— cells made of CulnSe (Copper-Indium-Selenide - CIS) and CulnGaSe
(Copper-Indium-Gallium-Selenide - CIGS).

PHOTOVOLTAIC
SOLAR CELLS
1} I 1
Crystalline Thin film
Polycrystalline | | Single crystal CdTe a-Si CIS CIGS

Fig. 1. Production technologies of photovolta|ds:epolycrystalllne monocrystalline, cadmium teiile
(CdTe), amorphous silicon (a-Si), copper indiuneselm (CIS), copper indium gallium selenide
(CIGS)

The efficiency of a solar cell is measured by thecpntage of the energy from the sun
that actually generates electricity. The price bbtpvoltaic modules directly affects the
cost of generating electricity.

Higher efficiency also means we can install modarspanels in a smaller space.
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Increasing this efficiency is the goal of all moglmanufactures as they work to
reduce the payback period and make the solar panel® competitive with other
electricity sources like coal and wind.

Crystalline silicon modules are most often useddamestic installations, offering
greater efficiency, so they occupy a smaller aoedhfe same installed power than thin-film
modules.

The development of the technology of the seconceiggion of modules - thin-film:
Cu (In, Ga) Sg- CIGS and CdTe solar cells, have a certain adwegntompared to the first
generation solar cells (made of crystalline silicahe installed power unit is cheaper, and,
in addition, they work more efficiently in diffusdighting, and they are light and flexible.
Thin film has a cost advantage over crystallineamat

In direct-bandgap semiconductors, carrier momenisitie same in the conduction
and valence bands. Silicon crystals have an indi@edgap structure that makes it difficult
to work efficiently. The absorption spectrum of iadirect band gap material usually has
a higher dependence on temperathen that of a direct material [10].

Calculation of the width of the energy gap of semituctor materials is possible on
the basis of known models and physical equations.

The width of the energy gap can be influenced bgnges in temperature, pressure,
and doping [11]. In doped semiconductors, additlicnarent carriers appear as a result of
the introduction of impurities of elements from iffetent group of the periodic table than
atoms from their home network.

The purpose of modifying the materials is to nartbesbandgap of the semiconductor
and, consequently, increase its efficiency. Tablstg the semiconductor band gaps [12]
and cell efficiencies under STC (Standard Test @Gmms): the global AM 1.5 irradiance
(1000 W/nf) and at a cell temperature of 25 °C [13-19]. Thdtlwof the energy gap in
semiconductors may vary +10 % with temperatureatiam. This is mainly due to two
reasons:

1) thermal expansion which affects the periodieptal, acting on conduction electrons,
2) electron-phonon interactions, where the conediotr of phonons increases with
increasing temperature.

Table 2
Semiconductor band gaps and efficiencies

Material Band gap [[i\]/] STC efficiency [%]
Si 1.11 18-22 [14]
Ge 0.67 13.5 [15]
GaAs 1.43 29.1[13]
Cds 2.42 20.3[16]

CdTe 1.44 18 [14]

CulnSe 1.04 18.8[18]
CIGS 1.48 22.95[19]
a-Si:H 1.6 10.1[17]

The efficiency of energy conversion of photovolte@dls made in silicon technology is
from 16 % to 24 % for monocrystalline cells andnfrd4 % - 18 % for polycrystalline
cells, which gives the unit power of a cell from &g/nT to 155 Wp/mM[20]. Meanwhile,
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for cells made of amorphous silicon, the efficieraypges from 4 % to 10 %. Table 3
presents comparison of the efficiency 8f 2" and & generation of photovoltaic cells.

The high efficiency of the cells is not only of @omnic but also environmental
importance. Higher efficiency values compared toiabeproduction are achieved by
laboratory cells: 26.7 % for monocrystalline silicoells, and 22.3 % for polycrystalline
silicon cells. The highest efficiency of a thimfilcell is 23.4 % for CIGS and 21.0 % for
CdTe, and for Perovskite the highest efficiencgls % [21].

The most efficient photovoltaic modules availabtetibe market in 2021 (Table 4) use
the high purity n-type IBC (Interdigitated Back Qact) cells, manufactured by SunPower
and LG. The latest Alpha series modules produceREBg use high-efficiency n-type HIJT
(hetero-junction solar cells) cells, achieving #ficency similar to the level of IBC cells.
The analysis of Table 4 shows that most manufactuoairrently use PERC cells
(PERC - Passivated Emitter and Rear Cell). The afskalf-cut cells with many MBB
(Multi Bus Bar) allows to increase the module efficy above 20 %.

Table 3
Comparison of the efficiency of'12" and &' generation of photovoltaic cells [22]

A\ MOST

1st generation 2nd generation 3rd generation
&
Technology (o) [28%) (0] 8 e % ?; ?‘:E E
& g 2 @ [} 8 g I E’%
@ B o=
o}
E
STC EZ']C"*”CV 2024 | 1418 | 68 | 1012 | 810 | 3641 | 88 8.3
Table 4
The most efficient solar modules (residential 60c6b size modules only) - as of the beginning @2 [23]
Manufacturer Module Rate[dV\EJ]ower STC ([e(f)zi:lency
1 SunPower Maxeon 3 400 22.6
2 LG Neon R 380 22.0
3 REC Alpha 380 21.7
4 FuturaSun FU M Zebra 360 21.3
5 Panasonic EverVolt 370 21.2
6 Trina Solar Vertex S 405 21.1
7 Jinko Solar Tiger Pro 6RI3 390 20.7
8 Q cells Q.Peak DUO G9 360 20.6
9 Winaico WST-375MG 375 20.6
10 Longi Solar Hi-Mo 4 375 20.6

Materialsused in the PV cellsand modules production processes

A number of materials and chemicals are used inptealuction of photovoltaic
modules that may have an adverse effect on hunathtend the environment.

Both the amount and type of substances used vargndiéng on the technology. For
example, for silicon cells, the process begins \lign extraction of the raw material, i.e.,
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quartz sand, and for CdTe, modules of Zn and Cis.of&en they are processed and
cleaned.

Silicon is one of the elements that are very commotarth. In the earth’s crust, it is
the second most abundant element, right after axylie content reaches about 27% by
weight. The silica contained in the quartz sandeiduced in a furnace to metallurgical
grade silicon, which is further purified to electio grade (PV-grade) silicon in a Siemens
furnace [24].

Due to the constant development of thin-film tedbgees, their commercial market
share, currently amounting to approximately 10 &oexpected to increase in the future.
Thin-film modules have the unquestionable advanti#dewer prices of generated energy.
In the near future an increase in the productiomoéiules from CdTe and CIS, as well as
amorphous silicon and CIGS, is expected.

Table 5 presents a list of basic chemicals and naigaised in the production process
of thin-film photovoltaic cells. The amount of chieal compounds used may be different
in the production processes of photovoltaic cefid modules of the same type, depending
on the manufacturer and the technology used.

Pure semiconductor materials are used in small ataalue to the small thickness of
the substrate layers.

Table 5
Materials used in the manufacturing process iredifft thin-film photovoltaic technologies [25]
CIS CIGS GaAs CdTe Cu,S a-S
Cadmium Cadmium Arsenic CC?]?(;E'(;’: Ammonium chloride Acetone
Copper Copper Arsine Cadmium Ammonium fluoroborateAluminium
Hydride gas Gallium Gallium Molybdenun Cadmium $idie Chloro-silanes
Hydrogen Indium Hydroghlonc Nickel Chromate coating Diborane
sulphide acid
Hydrogen . .
selenide Molybdenum Methane Sulphur Copper Hydrochloric acid
Indium Selenium Phosphine Tellurium Cuprous chlerid | Hydrofluoric acig
Molybdenum Zinc Trichloro- Thiourea Gold Hydrogen
ethylene
Selenium Triethyl gallium Tin Hydrochloric acid Isopropanol
Zinc Trlmgthyl Hydrogen sulfide Nitrogen
gallium
Methanol Phosphine
Nickel Phosphoric acid
Nitrogen Silane
. Silicon
Polyvinyl butyral tetrafluoride
Silicon monoxide Silicon
Sodium chloride Sodium hydroxifde
Tantalum pentoxide Tin
Zinc
Zinc fluoroborate

Table 6 summarises the amount of metals used ipthéuction process of various
types of cells.

Heavy metals can be emitted directly in the proidacprocesses of photovoltaic cells
and modules and for example, the annual productiolume of 2,000 tonnes of
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photovoltaic modules with a capacity of 10 MWp aomes about 20 tonnes of
semiconductor material, the rest is mainly glag§.[2

Table 6
Amounts of metals in various types of PV cells [27]
Cell type | Material requirements[g/m?]
Amorphous-Si/Ge
Sn 3.3
Ge 0.22
Si 0.54
Al 2.7
CdTe
Sn 0.66
Cd 4.9
Te 4.7
Mo 10.0
CIGS
Zn 9.1
Cu 1.8
In 2.9
Ga 0.53
Se 4.8
Cd 0.19
Mo 10.0

Heavy metals can be emitted directly in the proiducprocesses of photovoltaic cells
and modules, and indirectly through the use ofteteéty. From this point of view, CdTe
modules look the best despite the emission of cahniThis is due to the fact that these
types of cells require much less electricity frdra grid in the production process.

Cadmium is present in cells made in the thin-fiemhnology. Its compounds are used
in CdTe cells and - in small amounts - in CIS an@& cells. Cadmium can be released to
the environment through leaching to wastewatereanision of fumes and dusts.

The cadmium content in the CdTe module is 125 tigreater than in the CIS module.
It also strongly depends on the thickness of terk from 5.5 g/fin a 2um layer to as
little as 0.55 g/rhin a 0.2um layer. In fact, about 25 % to 50 % more cadminput is
needed than is fed to the final product due todeshiring the production process [28].

Lead is found in contacts with busbars. A typichbfovoltaic module contains up to
12 grams of lead. This metal is mainly found in thesbar shell and solder paste used to
connect photovoltaic cells. Most of the busbar &dm of copper with tin (67 %), and the
lead in the coating is 37 %. Lead is mainly usechhbse it lowers the melting point but also
improves many alloy properties, while zinc is uasdhe back contact layer.

Energy Payback Time

The most frequently used parameter to determineethéronmental impact of the
production technology of energy conversion devisdsnergy Payback Time (EPBT).

The production of raw materials, in particular psiécon, and the production of PV
cells and modules requires significant energy edjere. Electricity needed for these
processes most often comes from traditional pouaente powered by fossil fuels, which is
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a significant environmental burden. During thetfpperiod of operation of a PV module, it
produces electricity, which, in a way, is returtedhe environment as debt.

The time needed for the photovoltaic module to g&eethe same amount of
electricity (converted into equivalent primary en@rthat was needed to produce it is
known as Energy Payback Time (EPBT) - (Table 7).

The EPBT value is calculated as follows:

. kWh

primary energy demand [W]

Wh [year] 1)
m2year

Primary energy consumption is the sum of the enemtained in the materials and
the energy consumed during the production of theluleo Due to the indicator related to
the generated energy, EPBT depends directly orlategtion where the module will be
installed, therefore it is not an objective parametyearly sums of solar radiation in
European countries differ almost twice for differétalisation, which significantly affects
the value of EPBT (Fig. 2).

EPBT =
annual energy generated [

GLOBAL HORIZONTAL IRRADIATION EUROPE 0LARGIS )

GHI: Long-term average of global horizontal irradiation, period 1994-2020 (1999-2020 in the Southeast part of this map)
Yearlytotals: 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100

kWh/m?
Daily totals: 219 246 274 3.0 329 3.56 383 an 438 465 493 520 548 575

y Sckaigis urdes the Creative Cormmans Atribation fcense (O BY-SA £ 0). You are encouraged 16 use content of the maf 0 benefil yourself and cthers n Creative ways. For more iform

Fig. 2. Average of global horizontal irradiationEarope [29]

Also, better grid efficiency of modules produceddiarope may typically decrease the
EPBT by 9.5 % compared to PV modules produced inZh

Photovoltaic modules made in the monocrystallineasi technology burden the
environment mainly due to the production of silicdan Siemens reactors and
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the Czochralski process, which results in a longrgy return period. Therefore, although
monocrystalline silicon has a higher conversioricefficy than polycrystalline silicon,
EPBT for single crystals is lower.

Table 7
Energy requirements in different processes for petidn of PV module [30]
Process Energy requirements

Silicon purification and processing

- Czochralski silicon (Cz-Si) production from EG-Si 290 kWh kg' of EG-Si

- Electronic grade silicon (EG-Si) production form M8b 100 kWh kg' of EG-Si

- Metallurgical grade silicon (MG-Si) production frosilicon dioxide | 20 kWh kg® of MG-Si

(quartz, sand)

Fabrication of solar cell 120 kWh m? of silicon cell
Assembly of PV module 190 kWh m? of PV module
Roof top integrated PV system 200 kWh m? of PV module

A detailed energy balance analysis shows that Bi@TEvalue is on average 2 years to
3.2 years for installations located on the roofidfuilding in areas with medium to high
irradiation (1,700 kWh/fdyear to 2,200 kWh/ffyear), and 4 years to 5 years in locations
with low irradiation (1,100 kWh/ftyear) [31].

Figure 3 and Table 8 present a review of EPBT tesol different types of PV
modules.

12

10

Energy Payback Time [yea

: I | II I

1995 1996 1998 2000 2003 2005 2006 2007 2008 2009 2010 2011 2012 2013 2020

BcSi Mp-Si maSi mCdTe
Fig. 3. EPBT for different PV technologies duritg tperiod 1995-2020 (based on [32] and [21])

Currently produced modules show EPBT values of aldoyear (for irradiation of
1700 kWh/mz/year and optimally inclined module).
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Table 8
EPBT for different PV technologies considering i@ing process [33]
m-Si p-Si a-Si CIS
EPBT [year] 3.03 2.3 1.95 2.47
EPBT [year] 1.39 1.07 - -

" Considering recycling process - the modules maai® fecycled wafers save 30 % of energy comparéd wi
those produced using new materials

Photovoltaic wastes and r el eases

Most manufacturers today advertise a guaranteedintié of 25 years, while the
industry standard for a photovoltaic module’s prcttie lifetime is 25-30 years. The oldest
operating solar power plant is over 60 years old.

The photovoltaic industry generates wastes sinidlahat generated by the rest of the
semiconductor industry, but its amount is generd#lgs (especially for the silicon
technology).

The estimated cumulative waste volumes of endfeffV modules around the world
were calculated. In the regular-loss scenario, Rdute projected waste amounts is about
1,7 million tonnes by 2030. An even more drastie fio approximately 60 million tonnes
can be expected by 2050. The early-loss scenasjeqiion estimates much higher total PV
waste streams, with 8 million tonnes by 2030 and riBlion tonnes by 2050,
as the early-loss scenario assumes a higher pageenf early PV module failures than
the regular-loss scenario [34].

The disposal of large amounts of photovoltaic meduin a single landfill may
constitute a threat to the natural environment.che® chemicals into groundwater and
surface water can be hazardous.

From a legal point of view, waste from solar PV mied in the world falls under the
general classification of waste. The only excepi®rmat EU level, where PV panels are
defined as e-waste in Directive 2012/19/EU on Wdsten Electrical and Electronic
Equipment (WEEE) [35]. It defines photovoltaic plnas electronic devices and requires
85 % efficiency in the recovery of secondary rawerials for them. At least 80 % of this
must be recycled or further produced. Accordingetd recommendations, producers of
solar modules installed in the EU should coverdb&ts of their collection and recycling.

The emissions of harmful substances from PV iredialhs to the air are both
emissions from chimneys and emissions relateddoutie of chemicals used for cleaning
and etching. Among the chemical compounds thatelemsed in the greatest amounts are:
1,1,1-trichloroethane, isopropyl alcohol, acet@mamonia, and methanol.

Greenhouse gas emissions throughout the life cgtla solar module are closely
related to the Energy Payback Time (EPBT). Thesestoms are mainly due to the energy
consumption in the module production process.

For the same photovoltaic module, the emissionllevay vary depending on the
energy mix used to generate electricity in the potidn plant.

Assuming that amounts of GHG emitted during thedpotion of electricity from
coal-fired power stations are:

- 960 Mg CQ/1 GWh

- 7 Mg SQ/1 GWh

- 3 Mg NQ/1 GWh

- 0.19 Mg dust emissions/1 GWh,
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a 1-kwWw PV system being installed in a region withedinm insolation
(1700 kWh/nmifyr) will contribute emission reductions of:

- CO,: 1600 kg per year

- SO, 12 kg per year

- NO,: 5 kg per year

- dust: 0.34 kg per year [34].

The average carbon dioxide emissions at the pramucitage of a photovoltaic
installation are significantly lower than those adnventional coal-fired power plants
producing the same amount of electricity, consitgihat the photovoltaic modules are
used for a period of 20-30 years.

In the Union for the Coordination of Transmission of Electricity (UCTE) energy mix,
CO, emissions range from 21 g g€quiv./kWh for CdTe, to 43 g Gequiv./kWh for c-Si
technology.

The best results are obtained for CdTe modulesghienthe differences between PV
technologies are insignificant compared to the edifice between PV systems and
conventional fossil fuel energy. The average, @@issions for electricity generation of is
equal to 750g C@Oequiv./kWh in Poland and 275g ¢@quiv./kWh in the Europe [36].
There are a number of options for reducing wasteraleases in the PV industry:

- the use of material-saving technologies (reduatibthe necessary amounts of silicon,
cadmium, and others); for example, silicon waféckhess decreased from 40f in
1990 to 16Qum in 2019, while silicon usage decreased from ¥8pgto 6.5 g/Wp over
the same period [21],

- reducing water consumption and reducing the amofimastewater; use of a closed
water circuit,

- reducing the consumption of chemicals, especiaahdous chemicals,

- process changes (for example using less-toxic atasninstead of hazardous ones),

- recycling and reuse of semiconductor substancesalmdnts.

In our previous work, we have shown that the Lifele Analysis of crystalline silicon
photovoltaic cell production using recovered semétetor materials from the recycling of
spent modules shows the environmental impact df prelduction was reduced by half
compared to production from virgin material [30].

Life Cycle Analysis is a tool that allows you toamitatively assess to what extent
individual technologies fit into the implementatiofithe idea of a circular economy.

The circular economy is characterised by resouramservation, recycling,
coordination, low development, high utilisation dad emissions. All material and energy
use is reasonable, and sustainable land use mesrtie influence of economic activities
on the natural environment [37].

Conclusion

Electricity production with the use of PV modules undoubtedly the most
environmentally friendly solution and is currentopular all over the world. PV
installations do not emit any radiation or noisal ato not generate waste during the
operation stage. However, the period of productind waste management puts a burden
on the natural environment. This load depends endbhnology (semiconductor materials
and chemicals used) and the efficiency of the cellsich affects the Energy Payback
Time, significantly influencing the result of thé& Cycle Analysis.
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To make the PV technology environmentally frienflty the whole lifetime (from
cradle to grave) we should:

» define the types of chemicals used in the prodogiimcess of photovoltaic cells and
modules and their potential for release into thérenment,

» identify environmental threats related to the padin and disposal processes of
modules, including the potential possibility ofiltvhtion into the air and groundwater,

» indicate the existing or developing technologies tlie production of photovoltaic
modules, which pose a lower threat to the naturairenment,

* recycle up to 80 % - 95 % of old PV modules.

The greatest threat to the environment is posethbyse of hazardous substances,
although it is much lower than in other industpabcesses, and high energy consumption
at the production stage of pure semiconductor rnzd¢ert should be remembered that the
impact of hazardous substances on living organtepends not only on their toxicity and
carcinogenic effect, but also on a sufficientlythigpncentration (dose) and the distance of
the organism from the place of occurrence of thesgnce. Thus, merely identifying
a hazardous substance without obtaining informatiorthe extent of exposure should not
explicitly disqualify a given process.

Photovoltaics is considered an energy source ragiglenfor relatively small waste
streams, as no waste is generated during theniéedif the photovoltaic modules. However,
one should not forget about the waste streams gtxeiduring the production period,
as a result of quality control, as a result of dgenarising at the stage of operation of the
installation, and at the end of life of photovaitaystems.

The negative impact on the environment can be faggnitly reduced by increasing the
efficiency and extending the lifetime of both theodules and the entire photovoltaic
system.
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