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LIFE CYCLE ASSESSMENT PHOTOVOLTAIC PANELS

Krestinkov I., Sc.D., Borsh K., master
Odessa National Academy of Food Technologies, Odessa

Annotation: Life Cycle Assessment (LCA) is a structured, comprehensive method of quantifying material- and
energy-flows and their associated emissions in the life cycles of products (i.e., goods and services). The 1ISO 14040
and 14044 standards provide a framework for an LCA. This paper explains how to ensure consistency, balance and
quality to enhance the credibility and reliability of the results of photovoltaic (PV) LCAs.

Keywords: life cycle assessment, photovoltaic panels.

Life Cycle Assessment (LCA) is a structured, comprehensive method of quantifying material- and energy-
flows and their associated emissions in the life cycles of products (i.e., goods and services). The ISO 14040- and
14044-standards provide a framework for LCA. However, this framework leaves the individual practitioner with a
range of choices that can affect the validity of the results of an LCA study.

The IEA guidelines [1] were developed to offer guidance for consistency, balance, and quality to enhance the
credibility of the findings from photovoltaics (PV) LCAs. The guidelines represent a consensus among the authors,
PV LCA experts for assumptions on PV performance, process input and emissions allocation, methods of analysis,
and reporting of the results. The latter is of the utmost importance as parameters varying with geographical zones
and system boundary conditions can significantly affect the results; accordingly, transparency is essential in
comparing product life cycles.

Guidelines are structured into four main areas:

- has recommendations on technical characteristics related to photovoltaic systems;

- covers aspects of modeling approaches in life-cycle-inventory analysis, and life-cycle-impact assessment;

- discusses interpretation;

- covers reporting and communication.

The content of these subsections is determined by Motivation and Objectives. National and regional energy
policies require environmentally friendly electricity generating technologies. The PV industry is experiencing a
rapid evolution. The key prerequisites for an adequate environmental assessment are the availability of the most up-
to-date information on PV performance and LCI data.

Let us consider the proposed field of LCA.

1 Photovoltaics-specific aspects

1.1 Life expectancy. The recommended life expectancy used in life-cycle assessments of photovoltaic
components and systems differentiates between the components:

- Modules: 30 years for mature module technologies (e.g., glass-glass or glass-Tedlar encapsulation), life
expectancy may be lower for foil-only encapsulation; this life expectancy is based on typical PV module warranties
(i.e., 25 years -80% degradation or less after 25 years) and the expectation that modules last beyond their
warrantees;

- Inverters: 15 years for small plants (residential PV); 30 years with 10% part replacement every 10 yrs (parts
need to be specified) for large size plants utility PV;

- Structure: 30 years for roof-top and fagades, and between 30- to 60-years for ground mount installations on
metal supports. Sensitivity analyses should be carried out by varying the service life of the ground-mount
supporting structures within the same time span, transformers: 30 years, cabling: 30 years;

- Manufacturing plants (capital equipment): The lifetime may be shorter than 30 years, due to the rapid
development of technology. Assumptions need to be listed.

1.2 Irradiation. The irradiation col lected by modules depends on their location and orientation.

1.3 Performance ratio. The performance ratio (PR) (also called derate factor) describes the difference between
the modules’ (DC) rated performance (the product of irradiation and module efficiency) and the actual (AC)
electricity generation.1 It mainly depends upon the kind of installation.

1.4 Degradation. The degradation of the modules reduces efficiency over the life time.

1.5 Back-up systems. Back-up systems are considered to be outside the system boundary of PV LCA; if a
backup system is included, it should be explicitly mentioned.

2 LCI/LCA modeling aspects.

2.1 System modeling: static / prospective (attributional / consequential) electricity mix in background data,
small- versus large-scale. are considered:

a) Reporting environmental impacts of PV currently installed in a utility's network (retrospective LCA);
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b) Choice of a PV electricity-supplier, comparisons of PV systems, or of electricitygenerating technologies
(short-term prospective LCA);

c¢) Long-term energy policy: comparison of future PV systems or of future electricitygenerating technologies
(long-term prospective LCA).

2.2 Functional unit and reference flow. The functional unit specifies the function based upon which
comparisons can be made of various PV systems and other electricity-generating systems.

2.3 System boundaries. This section defines the scope of the analysis for the product’s system. It offers
guidance on what to include or exclude from the life-cycle inventory analysis.

2.4 Modeling allocation and recycling. Consistent allocation rules are demanded for all multifunction
processes, recycling of materials, and employing waste heat.

2.5 Databases. The IEA PVPS Task 12 does not recommend any particular LCI database. However, of the
utmost importance is the transparency of the documentation and availability of the unit process information and
data.

2.6 Life-cycle impact assessment. Use life-cycle inventory indicators, such as radionuclide emissions, nuclear-
waste generation, and air-pollutant emissions (NOx, SO,, PM, s, PMyj).

- Employ mid-point indicators, greenhouse-gas emissions, cumulative energy demand, acidification potential
(AP), ozone depletion potential (ODP), human toxicity, ecotoxicity, and ionizing radiation.

3 Interpretation

3.1 Energy Payback Time (EPBT) and Non-Renewable Energy Payback Times (NREPBT). Energy payback
time is defined as the period required for a renewable energy system to generate the same amount of energy (in
terms of primary energy equivalent) that was used to produce the system itself.

Energy Payback Time = (Emat+Emanuf+Etrans+Einst+EEOL) / ((Eagen / nG)— EO&M)

where,

Emat — Primary energy demand to produce materials comprising PV system;

Emanuf — Primary energy demand to manufacture PV system,;

Etrans — Primary energy demand to transport materials used during the life cycle;

Einst — Primary energy demand to install the system;

EEOL — Primary energy demand for end-of-life management;

Eagen — Annual electricity generation;

EO&M — Annual primary energy demand for operation and maintenance;

nG — Grid efficiency, the average primary energy to electricity conversion efficiency at the demand side.

3.2 Energy Return on Investment (EROI). The traditional way of calculating the EROI of PV is as follows:
EROI = lifetime / EPBT = T - ((Eagen/nG)— EO&Mr) / (Emat+Emanuf+Etrans+Einst+EEOL)

We noted that sometimes the EROI is computed without the prior conversion of the generated electricity into
its primary energy-equivalent, resulting to an EROI lower by a factor of 1/nG than the EROI calculated by the
recommended equation above.

3.3 Impact Mitigation Potentials (IMP). This may comprise the mitigation potentials for climate change and
high-level nuclear waste. Clearly reference the impact assessment method applied, and specify the reference
system, e.g., today’s European electricity mix, or the national electricity supply mix.

4 Reporting and communication: Key parameters to be reported. Reporting of key parameters 1 to 9 below is
mandatory and they should be listed in the captions of figures showing the results of the LCA.

1. On-plane irradiation level and location;

2. Module-rated efficiency;

3. System’s performance ratio;

4. Time-frame of data;

5. Type of system (e.g., roof-top, ground mount fixed tilt or tracker);

6. Expected lifetime for PV and BOS;

7. System’s boundary (whether raw material extraction and supply, manufacture, installation, maintenance,
disposal, the transportation- and recycling-stages are included for both PV modules and balance-of-system (frame,
mounting, cabling, inverter; for utility applications the transformer, site preparation, and maintenance));

8. The place/country/region of production modeled (e.g., average grid medium voltage European grid
(UCTE), site specific power use (e.g., hydro, coal)).

30ipuuk npais XVI BeeykpaiHCbKOT HAyKOBO-TEXHIYHOT KOH(pEpEeHITii
«AKTyaJlbH1 IPOOJIEMU eHEepreTUKu Ta ekosorii», Oneca, OHAXT, 5-8 xoBTHs 2016 p.
155



OdecbKka HAYIOHATbHA AKAOEMIsL XAPUOBUX MEXHOL02Il

Conclusion

The presented method allows to ensure consistency, balance and quality to enhance the credibility and
reliability of the results of the evaluation of the life cycle of photovoltaic panels. It can be used for a variety of
manufacturers of photovoltaic panels, as well as used for the analysis LCA of solar thermal collectors.

Literature
1. Vasilis Fthenakis, Rolf Frischknecht, Marco Raugei, Hyung Chul Kim, Erik Alsema. Methodology
Guidelines on Life Cycle Assessment of Photovoltaic Electricity. Report IEA-PVPS T12-03 —2011 —P. 1 —12.
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I'IC-TEXHOJIOI'TI B EKOJIOI'TYHIN CKJIAJTOBINA
TEPUTOPIAJIbHOTI'O YIIPABJIIHHSI

Mypina O.B., marictp, CoxouioB €.B., kanj. 6ioj1. Hayk
Opecbka HaLliOHAJILHA aKajieMisi XapuoBHX TexHoJIorii, M. Ojieca

Anomayia: npoananizoeano eukopucmarnna 11C-mexnonociti 01  mMepumopiaisHo20  YIPAGNiHHA 3
VPAXYBAHHAM eKOJIO2IUHOI CKIA0080, HA8e0eHO NPUKIAOU NOOYO08U NPOCIOPOBUX MOOCIIEN, WO BUPANCAIONb DI3HI
acnexmu exono2iyHol cumyayii. 3pobieHo 8UCHOBOK NPO BUCOKY HAOUHICHIL MAKUX MOOEELL.

Kniouosi cnosa: I'IC-mexnonocii, 2e0ekonoeiuHuti MeHeo’cMeHm.

Abstract: analyzed using GIS-technology for spatial management based on ecological component, are
examples of building spatial models that express different aspects of the environmental situation. It is concluded
that the high visibility of these models.

Keywords: GIS-technology, geoecological management.

CkJiajjHa CKOJIOTIYHA CHUTYyallis MoTpeOye JCTaTbHOIO aHali3y MPHUYMHHO-HACIIIKOBHX 3B’S3KIB B MEXax
npupoaHo-TeputopianbHux KomiviekciB (ITTK) 3 omiHkoro icHyro4oro crany ta OOIpYHTYBaHHSIM €(eKTHBHHX
3aXOJliB 3 JOCSATHEHHsI 30aJIaHCOBAHOCTI TOCIOAAPCHKOT TepUTOpiaibHOI CTPYKTYpH. [eoindopmariiini cucremu
texnouorii (I'TC-rexHosorii) MpONOHYIOTh MIMPOKKII CHEKTP METOAIB CTPYKTypH3allii Ta aHalizy JaHUX, B TOMY
YHCIII CYIyTHUKOBUX Ta CTATHCTUYHUX, SIKI HE JIMIIE [03BOJISIIOTH CTBOPIOBATH EJIEKTPOHHI KapTH Ha OCHOBI
BHCOKOBMICHUX 0a3 JaHMX, aje 3 JIONOMOTOI0 DI3HOIJIAHOBOTO aHajli3y HasBHOI MpocTopoBoi iH(opmarii
BUPINTyBaTH MPOOJIEMH Pi3HOT CKJIATHOCTI B Tally3sX:

- OXOPOHH HABKOJIMIIIHBOTO ITPUPOAHOIO CEPEIOBHUILA;
- YIIPaBIiHHAS BUKOPUCTAHHAM ITPUPOJHNX PECYPCIB;
- GKOJIOTTYHOTO MCHE/PKMCHTY.

Sk oOpasHo-3HaKoBiI reoindopmariiiHi  momemi  miiicHocti I'IC  OCHOBYHOTBCS Ha — aBTOMATH3aIlii
iH(opManiitnux npotecis, 6azax xkaprorpadiunux i aepoxocmivnux nanux. I'IC naroTe 3Mory o0OpoOsTH 3HAYHHI
00csT (hakTHIHKX 1 KapTOrpadiuHuX JTaHUX, aHATI3YBaTH 1X Y3TO/PKEHO 3 KOHKPETHUMH 00'€KTaMU i TEPUTOPISMU.
l'onoBHA WIHHICTE TaKoT IHQOPMAIIHHOT CHCTEMH 3 TIO3MIIT YNPABJIIHHS IOJSTAE B MOMJIMBOCTI TIPHUB'SI3KH BCIX
JaHMUX J10 00'€KTa 3 MEBHUMH KOOPAMHATAMHM, aBTOMATUYHOIO 30UIBLICHHS YW 3MEHIICHHS Macmtaly kapt. [lpu
reoexonorigHoMy MeHemkMeHTi [ 1C icTOTHO MONeTIIy 0Th IPOIieC TPUHHATTS PIllIeHb.

B Vxpaini nepmri cripodu crBopenss ['IC 3niiicaeno Hampukiami 70-x pokiB XX ct. [1]. Onna 3 HEX — 1Ie
po3pobka mictoOyaiBHOT iH(poOpMariiiHOT cuctemu st Kuesa, B siKiil muiaHyBanocsi 3BecTd iH(opMariio mpo
NPUPOJHI  YMOBH CHCTEMH MICTO-TIEPEIMICTSI, TPEICTABUTH Yy3arajbHEeHI JaHi Tpo 00'€KT, CKJIacTu
MIKPOKJIIMATHUHY KapTy, BUKOHATH PO3PAaXyHKH TEMIIEpaTypH, IIBHUAKOCTI BITPY, MOIIMPEHHS 30H BUKHIIB
MPOMHUCIIOBHX TIITPUEMCTB Ha MEBHI IO 32 PI3HUX METEOPOJIOTIYHNX YMOB.

Huni B Vkpaini I'lC-texHomorii HaOynu IIUPOKOTO pPO3BUTKY. JlepKaBHUMH YCTaHOBAMHU PO3POOICHO
BEKTOPHI TeMaTi4Hi kaptu Maciiraly 1 : 200 000 mst Beiei kpaiau ta 1 : 50 000 1715t OKpeMuX TEPUTOPII.

B Vkpaini € mpaxtuka 3acrocyBanus [IC B ynpasnmiHHI 3amoBimHMMH TepuTopismMu — Kaprarcekoro
HAL[IOHAJFHOTO TIPUPOIHOTO TIAPKY, 3aHOBITHHUKY P0O3TOY4Ys; PO3pOOICHO MEHEIDKMEHT-IUIAaH BOJHO-OOJOTHUX
yrigp CuBaia.

B saxocTi mpukitamy po3mITHEMO OIIHKY CyYacHOi aHTPOIIOTEHHOI TpaHcgopmarii Bomo30ipHOro OacelHy
TumiryapCpKOr0 TMMaHy [2], 110 BUKOHAaHa B paMKax HAayKOBO-IOCTIAHOI poOoTH [HCTHTYTOM MOPCHKOI 6iomorii
HAH Vkpaian. Tak, mopymeHHS TiZpONOTIYHOTO pPEKUMY BOHO30IpHOI TUion THIICYyIbCHKOTO JMMaHy B
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MATEPIANIMN
XVI BceykpaiHCbLKOI

HaYKOBO-TeXHiYHOI KoOHd epeHLii

AKTYAJbHI NPOBJNEMM
EHEPFETUKMU TA EKONoOrii

5-7 xoBTHA 2016 poky, m. Opeca

[Timmucano mo apyky 28.09.2016 p.
®dopmar 60x84/8. TTamip Odc.
Ym. apk. 34,64 . Hakmax 300 nmpumipHUKIB.

Bunanns ta apyx: @OII 'pins [1.C.,
73033, m. XepcoH, a/c 15
e-mail: dimg@meta.ua
Cain. JIK Ne 4094 Bix 17.06.2011



