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2TV €pyacia auth TApouoIAdovTal T ATOTEAEGUATA TwV XNMIKWY AVAAUCEWVY Yyia TOV TTPOCdIopIoud TTEVTE
Bapéwv pet@Mwv (Cd, Cr, Pb, Ni, Cu) kai Tn¢ opyavikig ougiag aTo i{nua aTo TPOTIOTIOINWEVO UDBATIVO
olkogUOTNPa NG KEVTPIKAG aTTOOTPAYYIOTIKAG - apdeuTikAG TAPpou Tou «Acpakiou» omv Ocooahia kal o
TIOPOKAUTITAPIEG TAPPOUG TOu (amroaTpayyloTikéG - apdeuTikés thgpor 8T, 9T, 1T), kard T1a didipkeia 600 eTwv
(loUAiog 2011 kai lodhiog 2012). Ztnv ouvéxela yivetal gUyKPION TwV ATTOTEACOUATWY [E QVTIOTOIXEG UETPRATEIG TTOU
TpaypatotoBnkav aTo id1o xpovikd diaatnua Ta mn 2008 kai 2009. Omwg @aivetal amé Ta AmoTEAETHATA TWY
XNHIKWY avaAuoewv aTo 60% Twv TEPITITWOEWY TTAPOUCIACTNKE PEIWON TwV TIWWY Twv Bapéwv YETAAMwWY Kal aTo
40% altnon. Até ta amoteAéopata Twv XNUIKWY avaAloewv SiatmiaTwveTal 0T Ta eTTiTeda Twv Bapéwv PETAAwY
070 i{nua otV avagepdpevn TepIoxr HEAETNG eival apkeTd XaunAdtepa (ektog Tou Cd otov oTaBuéd X1 kai Tou Ni
oToug aTaBpolg 26,29 kar 210) amd autd mou £xouv opioBei amd mv Eupwraiki vouoBeaia yia 1a péyioTa
EMTPEMTA OpIa pnaolyotoinang g 1Aog atn yewpyia (Odnyia 86/278/EOK - emikupwlnke pe v KY.A
80568/4225/1991
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This paper presents the results of chemical analyzes to identify five heavy metals (Cd, Cr, Pb, Ni, Cu) and
organic matter in the sediment in modified aquatic ecosystem of central a drainage - irrigation ditch "Asmakiou" in
Thessaly and Diversionary trench (drainage - irrigation ditches 8T, 9T, 1T) during the course of two years (July 2011
and July 2012). Then the results are compared with corresponding measurements made in the same period in 2008
and 2009. As shown by the results of chemical analyzes in 60% of cases presented lower prices of heavy metals and
40% growth. From the results of chemical analyzes found that the levels of heavy metals in the sediment in the
reported study area is much lower (except for Cd in station S1 and Ni stations S6, S9 and S10) than those
designated by the European legislation the maximum permissible limits use of sludge in agriculture (Directive
86/278/EEC - Common Minister Decision promulgated metin 80568/4225/1991.
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1. EIZArQrd QUaIkEG TMYEG OTTwg N diGPpwaon TeTpwudTwy. H
Ta Papéa pétalda Bewpoulvral amd Toug IO pUTTavan Twv uddtwv ptopei va agiohoynBei pe my
€mKivduvoug pUTTOUG Tou TTEPIBAAAOVTOG Kal Ol pétpnan Twv Baptwv peTdAMwy 0TO i{nua kal Toug
EVWOEIG TOUG, 0€ avTiBean PE TIC OPYAVIKEG TOEIKES udpORIoUS opyaviopoug.
ouaieg, dev amoikodopouvtal aAG Tapauévouy 1o ZKOTO¢ NG epyaciag ival va diomoTwoei 10
TePIBAAOV yia peydho xpovikd Oidotnua. Mepika péyeBog Tng empBapuvang e PBapéa pétala aTo
amé 10 Paptéa pETaMa Oy povo dev  eival i(nua Tou TpoOTIOTTOINMEVOU UBATIVOU OIKOCOUGTNHA
amapaitnta yia 1 {wf aMda avriBeta dpouv NG KEVTPIKAS ATTOCTRAYYICTIKAG - ApOEUTIKAG TAPPOU
BAapepd kar emikivduva aTov AvBpwro, aTa {Wwa Kal Tou «Aopakiou» (mepioxy Oecoahiag) kai O
oTa QuUTa (Sawidis, 1997). TIOPOKAUTITAPIEG TAPPOUG TOU (OTTOGTPAYYIOTIKEG-
Q¢ KupI6TEPES TINYEG pUTTAVONG Twv UdATWY e apdeutikég Tagpor 8T, 9T, 1T), katd ta didpkeia duo
Baptéa  pétaAa  Bewpolvial  Ta  Blounxavikd eTwv (loUAiog 2011 kar louhiog 2012). Tivetar akdpun
amofAnTa, T OOTIKG  AUJaTa, O YEWPYIKEG oUyKpION TwV  OTOTEAEOUATWY e QVTIOTOIXEG
dpaotnpiéTnTeg,  evw  Oev amokAgiovial Kal ol peTpAoeIg TTou TrpaypartotoiBnkav Ta étn 2008 kal
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2009, pe otéyo va umoBAnBolv TTPOTACEIS OTO
kar@ mooo eival duvard oc TepiTTwan eCuyiavang
G, va xpnoigomoinBei n 1AOG yia  yewpyIKoUg
OKOTTOUG.

2. YANIKA KAl MEGOAOI
2.1 Mepioxn pehétng

H euputepn Tepioxn épeuvag ekTeivetal amd v
Bopelavatohikn TAeupd g Adipioag kar @Bavel wg
NV Aigvn KapAa. Mpdkerrar yia mediv éktaon, otnv
otroia kaANiEpyoUvTal WG €T TO TTAEIOTOV JOVOETEIC
kaMiépyeiec (Bappaki 70%, apapooitog 20% kai
O10popeg  GANeG  eTOXIOKEG  KaI  OEVOPWOEIS
kaAiEpyeies 10% - T.O.E.B. Tnvelol - TpoowTikA
ETIKOIVWVIa).

Zmv TEPIOXA uttéipxouv TTIOMEG
amooTpayyloTIKEG  TAQPOI  Kal dU0  TOIUEVTEVIEG
apdeuTIKEG  dlwpuyes. H  kevipikr  Ta@pPog TOU
Acpakiou (8T), urkoug mepimou 15 Km, Aciroupyei
amé 10 1967. Ewg kai 10 2005 efutmpeTouae v
Gpdeuon 140.000 mepimou oTpeppdrwy (Eikéva 1).
Amé tov Maprio Ttou 2009, TO «ACPAKI»,
XPNOIPOTIOIEITAI KAl YIO TNV PETAPOPA VEPOU OTNV
avacuoTaBeioa Aipvn g KapAag.

la TG avAyKeS auTAS TNG Epyaaiag eTIAEXBnkav
ouvoAikd 11 delydatoAnmTikoi otabuoi. ‘Eva anueio

Mivakag 1. O1 aTaBuoi SelydaToAnwiwy.

delyparoAnyiag (X1) Ppiokerar ektdg Toug ediou
¢peuvag Kal O ouykekpipéva  NoTioduTika NG
Aipvng Képhag, Anaiov Tou £pyoaTaaiou TOIUEVIWY
«HpakAfc». Or aTabpoi deryparoAnwiag emAExBnkav
ge Paon v TAEN TOU «aTTOOTPOYYIOTIKOU —
apdeuTikoU OIkTOoU», TNV UTTapEn onuelakwv 1 Wn
TNywv pUTTavong Kai TV gukoNia mpooBaong.
(Eixéva 1, Mivakag 1).

XAPTHE STAOMON AEIMMATOAHWIAS

Eikéva 1. lMepioxri épeuva

A/A | Z1aBpoi Oéon Z1abuou Mewypa@iké Fewypa@iko
IMAGTog MAKOG
1. 21 Anciov epyoaTaaiou To1PEVTWY HPAKAARS 390 24°.085 220 46°.951
2. 22 Znpayya Kaphag (1T) 390 27°.044 220 48°.608
3. 23 I€oupa Z1epavoBikeiou (1T) 390 28°.825 22046°.816
4. 24 KaAhauaki (1T) 39033418 22°43°.390
5. 25 MAag1G (ZupBoAq 1T kai 8T) 390 38°.539 220 39°.036
6 26 ltupa EAeuBepiou (8T) 390 39".756 220 32°.342
MAnaiov epyootaaiou OINOMNEYMATOZ . .
7 27 «XATZHAHMAZL» (Trapakaptipiog 8T) 39039627 22029'.709
8. 58 MAnaiov «I'IE/\AZI’IZ AEBE —'I"r)\UVTr']pIO, Bageio 390 41° 103 290 99" 424
Yoaoudrwy (Tropakaumtipiog 9T)
9. 59 Mepioxn Brounxaviag INTERCOM FOODS 390 41" 814 920 99° 905
(mapakapttipiog 97)
10. 210 leviki 9T 39042°.289 220 29°.987
11. 11 MAnaiov ogayeiou Muptwvng (9T) 39044288 22028°.226
2.2. MeBodoMoyia apaipédnkav ol peyaheg  TETPEG Kal Ta Eva

O1 derypatoAnyieg yia Tov TPOGBIOPIOUS TwV
Baptwv PeTGMwY TpayuatoTroindnkav dU0 QopES
kard v didpkela OU0 eTwv  (29/072011 -
29/072012). Am6 kd@be OeiypatoAnmmikd  aTaBuo
MeBnkav guvolika Tpia umrodeiypara kat €T1o¢ T
omoia avapeixnkav. Kard v didpkeia  Twv
delydatoAnyiwv utmpxe (o€ avtiBean e Ta £m 2008
kar 2009) peydAn por| vepou, evw g€ TTAPA TTOAAG
onueia  ummpxav  éviova  oToixeia  BepuIKAg
dl0oTpwdTwong, agol w¢ yvwaTé 10 «ACHAEKI»,
éxel v 1dIaIePdTNTA va  aTmoTeAei  TaUTOYpova
TIOTAIO Kal Agvaio olkooUoTna.

MNa tov poodiopioud Twv Bapéwv  HETAMwY
ouléytnke TogotnTa 100 - 200 g emi@aveiakou
ICAuaTog  (Méxpr PABoug 5 cm) kai  emi TOTOU
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owpara. AkohoUBnoe aepopavon Twv deIypdTwy
070 €pYaoTAPIO ME TIEPIODIKA avakivnon WéEXP!
oTafepol  Bapoug (48 mepiou wpeg) Kal TEAIKO
000076 uypaaiag 0 - 7%. Met@ mv agpogfpavan
akohoUBnae &fpavon oe khifavo otoug 40 °C péxpl
oT00epol PBdpous (Bates T., 1993). Zta &npd
deiypata akohoUBnoe  AcioTpifnon kai  Kookivion
Me kOaKivo Bpoyxidag 2 mm2. [podiaypagég
TpoeToIdagiag  delypatwy ICAUaTog opidovtal GTo
ASTM C 999 (1983). Ta deiypara TotroBeThBnKav O€
doxeia  ToAuaiBuleviou kal  QuAdooovtav Ot
Enpavtpa o€ OKIEPO PEPOC.

01 avaNioeig  TpaypatoToiBnkav  aTa
epyaotipia  tou  M.ETEAA.  (Mepipepeiakd
EpyaoTipio Mewpyikwy E@appoywv kai AvaAioewg



Aimaopatwy). To epyaotApio e@apudlel ouaTnua
mo16TNTag kard 1ISO 17025: Na tov mpoadiopioué
TWV PETAMWY ¥pnoiyotoiBnke péBodog n otmoia
Bagiletal aTn karepyaaia Tou deiyparog pe 4M HNOs3
(Sporito et al., 1982). XpnaiyomoiRbnkav 2 g
Oeiydatog 1AU0g TTou ToTTOBETABNKAV O CWAAVES
@uyokévipnong Twv 50 me pe Twya (tutou falcon)
kar Tpoatédnkav 12,5 mf HNOs 4M. O1 @idAeg
TIWHATIOTNKAV KAl avakivABnkav  eAa@pd. 2T
OUVEXEID O CWAAVEG TOTTOBETABNKAV OE QOUPVO Yia
16 wpeg ae Bepuokpaaia 80 °C. Ta oAika péTalra
Cd, Cr, Pb, Ni kai Cu, mpoadiopioTnkav aTtnv
arouiky  amoppognon  (VARIAN 220  FS).
MpoadlopioTnKe akéun n  opyavik ouadia pe v
péBodo Walkley & Black.

3. AMIOTEAEZMATA KAl £YZHTHZH
Omwg @aiverar atov MMivaka 2, 01 GUYKEVIPWOEIS
Twv Bapéwv pet@AMwv aTo ifnua ATav onupavTikda

XaunAdtepeg  amé  TIC  OpIakEG  TIUEG  yId
xpnoipotoinan g 1AU0G aTN yewpyia, oUPQWVa pE
Vv odnyia 86/278/EOK n omoia emKUpWONKE We TNV
Y.N. 80568/4225/7-8-91. Efaipean amoteholv ol
ouykévipwaeg Tou Cd kai Ni. O1 miyég tou Cd
TTOPOUCIACTNKAVY TTIO augnuéves aTov aTabud X1 Kal
Tou Ni otoug oTaBuoug 26, 29, kar 210. H pikpr
Ouykévipwan eival o€ TOAU  peydho  fabud
Quolohoyiky dedopévou 6Tl otV TTEpIoxA  Oev
Aeitoupyolv  eyaAeg Blounyavies Twv oToiwv Ta
amoRANTa va TIEPIEXOUV TNUAVTIKEG TUYKEVTPWOEIG
Bapéwv peT@Awv, kT TOU  onuaivel 6Tl N
mpoéheuan Toug eival amd 1o €8090¢ (PAwpdc
1997). e om agopd v OUyKpION  TWV
amoTeAeauaTWY Kata TIG 600 Tepiddoug (2011-2012
oc oUykpion We v Tepiodo  2008-2009),
TIOPOUCIACTNKE PEIWTE TWV TIHWY 0E TT000aTd 60%
(Mivakeg 2 kai 3).

Mivakag 2. MetpnBeioeg TIuég TEvTe Baoikwy Bapéwv YeTdAwy ot ignua, (mglkg) (€Tn 2011 kai 2012).

2106u0i Cd/ é10g Cr/ é10¢g Pb/ é1og Ni/ é1og Cu/ é10g
2011 2012 2011 2012 2011 2012 2011 2012 2011 2012
1 0,76+ 0,78+ 64,1 64,1 49,1+ 48,1+ 73,1 79,1 63,0+ 60,0+
22 0,00 0,00 85,8 85,8 9,1 9,2 2114+ 2184+ 62,0+ 67,0+
23 0,00 0,00 101,2 102,2 8,0 8,6 203,2+ 2032+ 539+ 549+
24 0,00 0,00 92,9 92,9 10,4 11,6 201,8+ 2058+ 431+ 48,1+
25 0,00 0,00 91,0+ 95,0+ 10,1 12,1 189,1 195,1 546+ 50,6+
26 0,00 0,00 204,8+ 202,8+ 74 74 760,8+ 7698+ 40,3+ 42,3+
7 0,11 0,13 130,4+ 1354+ 338 31,8 260,3+ 271,3+ 89,3 1993
28 0,00 0,00 120,4 122,4 22,3+ 24,3+ 250,3+ 2553+ 409 429
29 0,00 0,00 191,7+ 193,7+ 14,7+ 12,7+ 500,2+ 505,2+ 400 430
210 0,00 0,00 180,1+ 181,1+ 12,1 12,1 430,4+ 4514+ 430 450
11 0,10 0,09 744 794 26,4+ 29,4+ 1714 1794 594+ 574+
Mivakag 3. MeTpn6eioeg Tipég mévte Baaikwv Bapéwv peTdAwy ae i¢nua, (mg/kg) (étn 2008 kai 2009).
Z106p0i Cd/ Erog Cr/ Erog Pb/ Etog Ni/ ‘Etog Cu/ Erog
2008 2009 2008 2009 2008 2009 2008 2009 2008 2009
Z1 0,16 0,18 155 158 14 14 150 152 35,0 36,0
22 0,14 0,13 98 100 11 10 200 201 40,0 40,0
23 0,4 05 1M1 120 12 13 153 158 46,0 46,0
24 0,12 0,15 126 129 14 15 190 191 43,0 45,0
25 0,05 0,05 131 131 14 14 213 219 47,0 48,0
26 0,12 0,13 106 110 11 13 220 223 36,0 37,0
X7 0,50 0,54 120 124 58 69 230 232 426,0 430,0
28 0,11 0,11 130 131 11 12 241 242 42,0 44,0
29 0,12 0,11 140 141 12 14 247 249 45,0 47,0
z10 0,14 0,13 122 126 16 17 228 230 69,0 71,0
11 0,12 0,18 106 158 18 14 207 152 47,0 36,0
Mivakag 4. H Opyavikr ougia (%) aToug 11 deryuaToAnmTikoug aTabolg
o o
S 106yl Opyaviki OZL(J)((;IS;I (%) - €10g Opyavikn 02%(;;] (%) - €10g Aiagopéi (%)
1 08 45 +460%
X2 0,5 1,2 140%
23 73 8,8 +20,5%
4 1,1 1,3 +18%
25 1,1 15 37%
26 44 0,9 11,5%
7 6,4 4,0 -37,5%
28 1,1 34 +209%
29 49 6,4 +31%
210 8,0 6.8 -15%
11 3,0 52 +73%
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[paonua 2. Merpnbeioes Tiués mévre  Bacikwv
Bapéwv petarwy og ifnua (mg/kg) (€tog 2012).
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Mivakag 5. Opiakég TIpéG Bapéwv PeTaAwv ag 1A kai £dagog (Odnyia 86/278/EOK)
A/A MapapeTpog Opiakn TIA 1Aug TTou xpnaioroleital oty Opiakn TipnA yia €dagog N.2950/01
1. Xahkog (Cu) 1000-1750 50-100
2. Kadio (Cd) 20-40 -
3. MoAuBBoS () 750-1200 50-300
4. NikéNo (Ni) 300-400 30-75
5. Ydpapyupog (Hg) 16-25 -
6. Apaoevikd (As) -
7. Weudapyupog (Zn) 2500-4000 160-300
Mapatipnon: Me v KYA 80568/4225/91 evowpaTtwénke atnv EAnvikA vopoBeaia n Odnyia 86/278/EOK, xwpic

TpoTroToINaEIS. ‘Exel yivel udvo poadikn opiwv yia o xpwpio: 500 mg/kg &npdg ouaiag yia 1o Cr(lll) kar 10 mg/kg

&npou yia 1o Cr(VI).

210 0T0Oud X7 (mAngiov epyoaTaagiou
Trapaywyng oIvoTTveUuaTog) TrapatnerBnke  TTOAU
MIKPOTEPN GUYKEVTPWAN Cu, kAT TTOU dIKaIoAOYEiTal
TARPWG, agol edw Kal Tpia Xpovia To EPYOOTATIO
éxel dlakowel v Aeitoupyia tou. H mrapouaia Cu
oxetiCetar pe 10 TPO0BeTo  CuS04.5HOs, TOU
XPNOIUOTIOIEITal YIa TNV TIapaywyr OIvOTTVEUATOG.
270 OTABUG aUTO GNUEIWBNKE ONUAVTIKA WEiwaon Kal
NG OpyavikAg ouaiag karé 37,5%. Mikpry peiwan Tou
TT0000TOU  OPYAVIKAG 0Uaiag TTapouaiacbnke Kai
oto a1abué £10 (15%) (n opyavikr ouaia eival amod
TOUG KUPIOUG TTOPAYOVTES I0XUPIS CUYKPATNONG TWV
oToIXEiwv aTo €00Q0¢, €TEIdN OXNuUaTICEl OTABEPES
dloAuTéG kal adidAuteg evwoelg (Adriano, 1986). H

3.1. ZTATIZTIKH ANAAYZH

augnon Tou TOCOOTOU TNG OpPyavikAG ouaiag
ekTiudral OT ogeiketal oty augnuévn Bpoxdttwan
TNV XPOVIKN Trepiodo amd Tov louAio Tou 2009 éwg
kal tov lo0ho Tou 2012, n omoia GUUQWva ME
aToixeia Tou Metewpohoyikol atabuol ATA Adpioag
Arav 1429 mm., o€ oxéon ue 897 mm. v avTiaToixn
XPovikfy Tepiodo petafu 2007 éwg 2009. Akoua
uTTopEi va oeiketal kai aTnv augnuévn pon vepod.

ZNPEIWVETAI TTWG N ameubeiag epapuoyr g
IAN0OG aTO £80Q0G UTIOKEITAI GTOUG TIEPIOPITUOUG TNG
KYA 80568/4225/91. Amapaitntn mpoimobean
amoteAel 0 TTPOTBIOPICUOS TNG CUYKEVTPWONG TWV
Bapéwv PeTaAAwY aTo £dagog.

H Zmamomikf Av@Auon €yive pe Tn xpron Tou oTamioTikou Takétou Minitab (KoutpouBéAng 1999)

Mivakag 6. Avé €106 10 glvoAo Twv évieka aTaBuwy (cd)

Variable ~ Mean StDev  Variance ~ Minimum Q1 Median Q3 Maximum  Range IQR
2008 0,180 0,1381 0,0191 0,0500 0,12 0,1200 0,1600 0,5000 0,4500  0,0400
2009 0,1964  0,1633 0,0267 0,0500 0,11 0,1300 0,1800 0,5400 0,4900 0,0700
2011 0,0882  0,2268 0,0514 0,0000 0,00 0,0000 0,1000 0,7600 0,7600  0,1000
2012 0,0909  0,2329 0,0542 0,0000 0,00 0,0000 0,0900 0,7800 0,7800  0,0900

H 1y Tng TutTIKAG amokAiong StDev eival pikpry omoTe N péon Tiur Mean amoTeAei QvTITTPOOWTTEUTIKG OTATIOTIKO

METPO yIa TNV KATOVOUR TNG PETABANTAG .

To 50% twv TTaparpoewy améyel amod Ty didueco Median (+,-) IQR .

To 25% twv TTapatnprcewy gival katw amé Q1 .
To 75% twv TTapatnpricewy gival katw amé Q3 .

Mivakag 7. Avd £10¢ 070 oUVOAO TwV évieka aTaBUWY (cr)

Variable ~ Mean StDev  Variance  Minimum Q1 Median Q3 Maximum  Range IQR
2008 122,27 16,69 278,62 98,00 106,00 122,00 131,00 155,00 57,00 25,00
2009 125,27 16,12 259,82 100,00 110,00 126,00 131,00 158,00 58,00 21,00
2011 121,5 49,3 24329 64,1 85,8 101,2 180,1 204,8 140,7 94,3
2012 123,2 48,8 2377,3 64,1 85,8 102,2 181,1 202,8 138,7 95,3

H 1A T TutmikAG amokAiang StDev mapouaiddel peydAeg TipéG yia ta £t 2011 &2012 kabwg Tapatnpeital Peyaio
€Upog Range .

To 50% twv TTapatpricewy améyel amod Ty didueco Median (+,-) IQR .

To 25% twv TTapatnprcewy gival karw amé Q1 .

To 75% Twv TapaTnPRoEwy ival kKaTw amo Q3 .

Mivakag 8. Avd £€10¢ aT0 aUvoAO Twv Evieka aTabuwy (Pd)

Variable  Mean StDev  Variance  Minimum Q1 Median Q3 Maximum  Range IQR
2008 17,36 13,66 186,65 11,00 11,00 14,00 16,00 58,00 47,00 5,00
2009 20,00 16,99 288,60 10,00 13,00 14,00 17,00 69,00 59,00 4,00
2011 18,49 13,27 176,07 740 9,10 12,10 26,40 49,10 41,70 17,30
2012 18,85 12,94 167,51 7,40 9,20 12,10 29,40 48,10 40,70 20,20

H 1y Tn¢ TutTikAG amokAiong StDev eival pikpry omoTe N péon Tiur Mean amoteAei avTITTPOOWTTEUTIKG OTATIOTIKO

METPO yIQ TNV KATAVOWR TNG METABANTAG .
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To 50% Twv TTapaTnpriocwyv améxer amo v didueao Median (+,-) IQR .
To 25% Twv TapampRgewy gival katw amé Q1 .
To 75% Twv mapampRgewy gival katw amé Q3 .

Mivakag 9. Avd £€10¢ 610 gUvoho Twv évieka aTaBpwy (Ni)

Variable ~ Mean StDev  Variance  Minimum Q1 Median Q3 Maximum  Range IQR

2008 207,18 32,30 1043,36 150,00 190,00 213,00 230,00 247,00 97,00 40,00
2009 20955 3192  1019,07 152,00 191,00 219,00 232,00 249,00 97,00 41,00

2011 295,6 195,0 380441 73,1 189,1 2114 4304 760,8 687,7 2413

2012 303,1 196,9 38770,5 79,1 1951 2184 4514 769,8 690,7 256,3
H 1A TN TutmikAG amokAiang StDev mapouaiddel peyaheg TipéG yia ta £t 2011 &2012 kabwg TrapaTnpeital PeyaAo
€0pog Range .

To 50% twv Tapatnpicewy améxel amo v didueao Median (+,-) IQR .
To 25% Twv apatpRcewy gival katw amé Q1 .
To 75% Twv TTapaTnproewy ivar katw amo Q3 .

Miva kag 10. Avd €106 a0 gUvoAo Twv évieka oTaBuwy (Cu)

Variable ~ Mean StDev  Variance  Minimum Q1 Median Q3 Maximum  Range IQR

2008 79,6 1152 13276,9 35,0 40,0 45,0 47,0 426,0 391,0 7,0
2009 81,1 116,1 13476,7 36,0 40,0 46,0 48,0 430,0 394,0 8,0
2011 53,59 14,88 221,39 40,00 40,90 53,90 62,00 89,30 4930 21,10
2012 64,6 454 2060,4 42,3 43,0 50,6 60,0 199,3 157,0 17,0

H 1A Tng TutmikAg amokAiong StDev mapouaiddel peydheg TipéG kai €101kd yia Ta € 2008 &2009 kabwg
Trapampeitar yeyaho e0pog Range .

To 50% Twv TTapaTnprocwy améxel amo v diduego Median (+,-) IQR .

To 25% Twv TTapaTnprhoEwy ivar katw amo Q1 .

To 75% Twv TTapaTnproewy ivai katw amo Q3 .
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BEATIQXH ENEPTEIAKHZ AMOAOTIKOTHTAZ KAI MEIQXH AEPIQN TOY OEPMOKHMIOY
ANNO XYMBATIKOYZ XE BIOAOIIKOYZ EAAIQNEE KAl AMMEAQNEX
ABavaoiog MmaAagoutng!, Anunptpiog MmpiaooiAng?, Mavayiwtng Mavaydkng?, Mewpyiog Namadakng!

"EpyaaTthpio Mewpyikng MnxavoAoyiag, Mewtoviké MavetiaThuio ABnvawy, TuAua Agiomoinang Guoikwv Mopwy &
lewpyikAg Mnxavikng, lepa 0d6¢ 75, 11855, ABAva

2 EpyaoTipio Mewpyikwv Kataokeuwy, Mewtovikd MavemaTtiuio ABnvawy, Tudua Agiomoinang Guaikwv Mépwv &
MewpyikAg Mnxavikrg, lepd 086¢ 75, 11855, ABAva

abalafoutis@aua.gr, briassou@aua.gr, ppap@aua.gr, gpap@aua.gr

Ta mapadoaiakd cuoTAuara KaAAIEPYEIAS, TOXEUOVTAG e OTTODEKTO £100dNUA YIa TO Yewpyd, Baaifovial aTnv
€MiTEVEn uwnAng Tapaywyng We xpRon oMWY eiopowv. ZAUEPa, N yewpyia aAAaler kateUBuvan Tpog v
epappoyn eAdyioTwy €10powv yia péyiaTn duvarr Trapaywyr). Mapddelypa YEwPYIKAG TTPAKTIKAS Baciopévng o€
auti ™ AoyikA eival n BiodoyikA yewpyia, n omoia odnyei oc xaunAdtepn karavéAwon evépyeiag ava povada
EMQOAVEIAS yNG, WG ETIGUAATTEI TOV KiVOUVO ONUAVTIKAG EAGTTWONG TG OUVOMNIKAG Traykdapiag Tapaywyng. Q¢
€K TOUTOU, €ival TOAU anuavTikd va eCeTaaTel n evepyelakr amodoTikoTTa, OnAad n eAAXIoTn kaTavaAwan
evépyelag ava povada Trapayouevou TpoidvTog. O1 EAQIWVES Kal 01 auTTEAWVES, €ival OU0 aNUAVTIKEG TTOAUETEIS
KaMIEpYEIES yia TV eMNVIKA yewpyia. ZTnv TTapolad epyaaia £vag eAaIvag kal Evag auTEAWvAS OTnv TIEPIOYH
NG 21EPEAs EANGSAG peheiBnkav 6aov agopd Ty evepyeiakr amodoTIKOTNTA KAl TIG AVTIOTOIXEG EKTTOUTTEG OEPiWV
TOU BeppoknTTiou, Pe OoKomd T GUYKPION TNG TTAPAdOCIOKAG KOAIEPYEIOS e TO EVOAOKTIKG BioAoyikd cuaTnua
kaAIEpyelag. ZTnv TepiTTwaon Tou eAaiwva, n BIoAoYIKA yewpyia Tapouaialetal va AATTWVEI TNV KATAVOAWGN
evépyelag kat@ 13.9%, kaBwg Ta xnuIkG AITGouata Kai 7o QUTOQAPUOKA €XOUV avTIKATOOTaBEl aTO €10P0EG
MIKPOTEPNG EVEPYEIOKIS ATTAITNONG VIO TNV TTAPAYWYHA TOUG, EVW N avTioToIXn TEAIKA TTapaywyr YEIWvETal Aiydtepo
(5%). Oaov agopd TIG EKTTOUTIEG aepiwv Tou BepuoknTTiou, PelwvovTal Katd 37.8%. XTnv TEpITITWan ToU apTTEAWVA,
n Piohoyikh yewpyia ehdrmwae onuavtika v Tapaywyr (31%) kar 1eAiké emnpéade apvnTika TV EVEPYEIOKR
amodotikétnTa kata 0.4%. O exmropTéS agpiwv Tou BepuoknTriou Tou autreAwva ehatTwBnkay kard 6.7%.

Né€eic kAeidid: ehaitvag, auteAwvag, EvEpyela, aépia Tou BepUoKNTTiou, EVEPYEIOKT OTTODOTIKATNTA

ENERGY EFFICIENCY ENHANCEMENT AND GREENHOUSE GAS EMISSIONS REDUCTION FROM
TRADITIONAL TO ORGANIC OLIVE GROVE AND VINEYARD CULTIVATIONS
Athanasios Balafoutis’, Demetres Briassoulis?, Panagiotis Panagakis?, George Papadakis’
Laboratory of Agricultural Mechanization, Agricultural University of Athens, Department of Natural Resources
Management and Agricultural Engineering, lera Odos 75, 11855, Athens
2 Laboratory of Farm Structures, Agricultural University of Athens, Department of Natural Resources Management
and Agricultural Engineering, lera Odos 75, 11855, Athens
abalafoutis@aua.gr, briassou@aua.gr, ppap@aua.gr, gpap@aua.gr

Traditional farming systems are based on achieving high yields using high input aiming at an acceptable income
for the farmer. Today, agriculture shifts towards applying the minimal needed inputs for acceptable production.
Organic farming is an agricultural practice based on this mentality and results to lower energy consumption per unit
of land. However, such systems hold the risk of a significant reduction of the total global production. Therefore, it is
vital to consider the energy efficiency, namely the energy consumption per unit of product quantity. Olive groves and
vineyards are two important perennial crops for Greek agriculture. In this paper an olive grove and a vineyard, both
located in the Sterea Ellada region, were studied in terms of energy efficiency and associated greenhouse gases
emissions (GHG), in order to compare traditional farming vs. organic farming. In the case of olive groves, organic
farming reduces energy consumption by 13.9%, as chemical fertilizers and pesticides are replaced by less energy
demanding inflows, while the final yield is reduced by 5%. GHG emissions are reduced by 37.8%. In the case of the
vineyard, organic farming significantly reduced crop yield (31%) with a negative result on energy efficiency (0.4%).
However, GHG are reduced by 6.7%.

Keywords: olive grove, vineyard, energy, greenhouse gases, energy efficiency
consideration of these impacts, new farming systems

1. INTRODUCTION have been adopted. Among them, integrated farming

Since green revolution in agriculture was not associated with significant yield reduction,
established, farmers targeted high yields without reduces input quantities to the lowest possible level.
considering the amount of inputs used during the Also, organic farming, associated with lower yield and
cultivation period. Their only consideration was the better quality, does not permit use of agrochemicals
impact of these inputs on the final profit of the farm. such as chemical fertilizers and pesticides.

However, this practice has been the subject of Organic farming seems to be an ideal farming
strong questioning the last two decades as the system on a land area basis (lower energy
negative environmental and public health impacts of consumption per unit area of land), but this is not the
such farming systems are very high. Under the case on a yield basis. In a global perspective it has
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the risk of significant reduction of total agricultural
production. Hence, as a key comparison term
affecting the overall efficiency of crop farming
systems, it is vital to consider energy efficiency,
namely the energy consumption per unit of product.

Olive groves and vineyards are two important
perennial crops for Greek agriculture. In general,
these crops are cultivated using traditional methods.
Organic farming is not widely applied yet as farmers
believe that high chemical inputs ensure high yields
and profits. However, there is a tendency for organic
farming to increase as a result of higher product
prices, especially for high quality exported certified
olive-oil and wines, and environmental awareness. In
addition, organic farming could help to conserve
water in Greece, as in arid and semiarid areas
(Altieri, 1992), and reduce GHG emissions (Dalgaard
etal, 2001).

In this work the traditional farming of an olive
grove and a vineyard located in the Sterea Ellada
region was compared against the respective organic
farming in terms of energy efficiency and respective
GHG emissions.

2. MATERIALS & METHODS
2.1. System Boundaries

An olive grove and a vineyard are studied
in terms of inputs regarding the production of the
primary product of each crop (olives and grapes,
respectively) up to the farm gate (Figure 1).

( System bound®

Input

(fuel,

fertilizers,
pesticides, etc.)

(

Agricultural Farm

Use of land,
machinery
and work

orce J
\ _/

Figure 1: System boundary of energy and
environmental assessments

2.2. Olive Grove

2.2.1. Traditional olive grove

The traditional olive grove data are taken from
the diary of a farmer in Lamia, Sterea Ellada. The
olive grove has a mean plant density of 250 plants/ha
(6 x 6 m). The olive grove life time was assumed to
be 100 years, with the first 15 years counting as
installation period with low yield.

The olive grove installation is initiated with
several operations for the soil preparation (deep
ploughing, heavy cultivator, light cultivator), followed
by a fertilization using 5.5 kg/ha/yr N, 7.5 kg/halyr P
and 7.5 kg/halyr K. Soil is marked and holes are
open for the olive trees. These operations are
considered for the first year of installation.

The first 15 years, olive trees of the case under
consideration are sprayed with insecticides
(dimethoate or fenthion) 2-4 times/yr. Weed control is
obtained using light cultivator 4 times/yr. Three to five

\
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irrigation applications using drip irrigation systems
are applied (total water quantity 120 md/halyr).
Fertilization is applied every second year using 11-
15-15 fertilizer type. The quantity required is 0.2
kg/tree for every year of the tree growth.

During the regular period (next 85 years), olive
grove cultivation techniques are mainly related to
weed control, fertilisation, irrigation, pruning, crop
protection against pests and diseases, and
harvesting.  The olive grove is sprayed with
insecticides (dimethoate or fenthion) 2-4 times/yr. For
weed control, 3 light cultivations per year are applied,
without chemical applications. Three applications of
fertilizer are executed in this particular case every
second year (3 kg/tree). Every year, one to three
irrigation applications using drip irrigation systems
are applied (total water quantity 1800 m3/halyr).

Harvesting occurs from mid-November to late
December (the first 15 years the mean yield is
about2.5 t/halyr, while during the regular production
period it reaches 6.5 t/halyr). Plastic olive mats are
used for olives harvesting. The olive mats’ fabric is
woven PP cloth (100 g/m2) with a minimum life span
of 5 years. They are moved from tree to tree in order
to collect the olives harvested from each tree. The
average olive mat surface is 50 m?, in order to cover
a surface larger than the canopy area of the tree
harvested.

2.2.2. Organic olive grove

The organic olive grove results in 29% fuel
consumption increase (Genitsariotis et al., 2000;
Kaltsas et al., 2007). In the organic system, manure
is spread using a trailed manure spreader (20 t/ha
every second year). Then, one cultivation application
is applied, followed by the sowing process for the
installation of legumes (green manure of Trifolium sp.
or Vicia sativa). Sowing requires 135 kg seed/halyr.
Finally, light cultivation is applied to incorporate the
legumes at the end of their cycle (Kaltsas et al.,
2007).

In addition, no chemical pesticides are applied,
replaced by bait [Elcophon (plastic bottle)] or bait-
pheromone [BIORYL (paper envelope)] and traps for
the olive fruit fly (Genitsariotis et al., 2000; Kaltsas et
al, 2007). The chemical fertilizers are substituted by
sheep/goat manure that is spread in the olive grove
using a manure spreader, as mentioned above. The
rest of agricultural practices are the same as in the
traditional system. The average yield is reduced by
35% mainly due to lower fertilizer inputs
(Genitsariotis et al., 2000; Kaltsas et al., 2007;
Guzman and Alonso, 2008).

2.3. Vineyard
2.3.1. Traditional vineyard

The traditional vineyard data set was given from
a farmer in Lamia, Sterea Ellada. This basic scenario
is a vineyard with mean plant density of 3000
plants/ha, planted at 2.7 x 1.2 m. The vineyard life
time was assumed to be 20 years, with the first 4
years counting as installation period of low yield.



The vineyard installation is initiated with several
operations for the soil preparation (deep ploughing,
heavy cultivator, light cultivator), followed by a
fertilization using 30 kg/ha N, 40 kg/ha P and 40
kg/ha K. The plot is marked and holes are opened for
the vines. A system of metal poles is installed. These
operations are considered for the first year of
installation.

During the first period of vine trees growing, the
vineyards are sprayed with Bacillus thuringiensis,
sulphur, copper, Topsin M (thiophanate methyl 97%
wiw), dithane M-45 (mancozeb 72% wiw), thiodan
(endosulfan 47% w/w). For weed control, the soil is
cultivated with light cultivator and sprayed with
Glyphosate (36% v/v). Two irrigation applications
using drip irrigation systems are applied (total water
quantity 1600 m3/halyr). Fertilization (fertigation) is
applied together with the irrigation with 30 kg/halyr N,
40 kg/halyr P and 40 kg/halyr K.

After the fourth year, the vineyard reaches the
regular production. During the regular period vineyard
cultivation techniques are mainly related with weed
control, fertilisation, irrigation, pruning, thinning fruits,
crop protection against pests and diseases, and
harvesting. The vineyards are sprayed with Bacillus
thuringiensis, sulphur, copper, Topsin M (thiophanate
methyl 97% wiw), dithane M-45 (mancozeb 72%
w/w), thiodan (endosulfan 47% w/w). For weed
control, the soil is cultivated with light cultivator and
sprayed with Glyphosate (36% v/v). Every year, one
to two irrigation applications using drip irrigation
systems are applied (total water quantity 800
mdhalyr). Fertilization is applied together with
irrigation with approximately 55 kg/hal/yr N, 75
kg/halyr P and 75 kg/halyr K.

Harvest is executed by the end of September
manually (during the first 4 years the mean yield of
grapes is 4 t/halyr, while the next 15 years is 14.7
t/halyr).

2.3.2. Organic vineyard

Organic farming in the vineyard reduces fuel
consumption by 20%, because several agricultural
practices of the conventional farming are not applied
(Kavargiris et al, 2009). No chemical pesticides are
applied. Allowed fungicides (copper and sulfur) are
applied, but 34% less than in the traditional farming
system (Kavargiris et al, 2009). In addition, fertilizer
application is reduced by 45.7% (Kavargiris et al,
2009). All the rest of the agricultural practices are the
same as in the traditional system. The average yield
is reduced by 31% due to lower inputs and higher
disease and pest impact on the crop (Kavargiris et al,
2009).

2.4. Methodology
2.4.1. Inventory

A spreadsheet was prepared with an inventory of
all the inputs in both the olive grove (Table 1) and the
vineyard (Table 2).

Table 1. Inventory of the olive grove

Input Unit Period
(install) (oper)
Plants 250
Fertilizers (synthetic)
Nitrogen  kg/halyr 235 4.7
Phosphorus  kg/halyr 32 55.6
Potassium  kg/halyr 32 55.6
Pesticides
Herbicides kg aifhalyr 3 4
Fungicides kg ai/halyr 0 0
Insecticides kg aifhalyr 2.5 3.5
Irrigation
Electricity use ~ kWh/halyr 66 99
Field operations
Diesel use I/halyr 36 22.5
Olive mats kg/halyr 2.75 2.75

It must be pointed out that installation period
corresponds to the period after initial planting until the
year of regular production vyields (15 years for the
olive grove and 4 years for the vineyard) and the
operation period corresponds to the regular
production period.

Table 2. Inventory of the vineyard

Input Unit Period
(install) (oper)
Plants 3000
Metal poles kg/ha 550
Fertilizers (synthetic)
Nitrogen kg/halyr 30 55
Phosphorus kg/halyr 40 75
Potassium kg/halyr 40 75
Pesticides
Herbicides kg ai/halyr 0 0
Fungicides kg ai/halyr 3.36 6.89
Insecticides kg ailhalyr 1.2 2.6
Irrigation
Electricity use ~ kWh/halyr 880 440
Field operations
Diesel use I/halyr 36 34.6

The yields of both the olive grove and the
vineyard are shown in Tables 3 and 4, respectively.

Table 3. Production yield of the olive grove

Output Unit Period

(install) (oper)

Olives ton/ha 2.25 6.50

As expected, the average yield during the first period
is significantly lower than in the regular period.

Table 4. Production yield of the vineyard

Output Unit Period

(install) (oper)
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Grapes ton/ha 4.00 14.70

2.4.2. Data sources and main assumptions
Table 5 shows the primary energy for the inputs.
Table 5. Primary energy of inputs

Primary Unit Primary

Input Energy Energy
Plant! 2.61 MJ/plant
N fertilizer! 48.99 MJ/kg
P20:s Fertilizer 15.23 MJ/kg
K20 Fertilizer' 9.68 MJ/kg
Pesticide' 268.4 MJ/kg
Diesel Fuel! 49.99 MJ/kg
Electricity? 453 MJpNR/MJ

'Biograce V4 (2012), 2Ecoinvent (2007)
Table 6 shows the respective GHG emissions.
Table 6. GHG emissions of inputs

Input Unit GHGs (Tlf’;?;'of:'f)
Plant’ kg/plant 0.276
N fertilizer! kg/kg N 5.88
P20s Fertilizer' kglkg P20s 1.01
K20 Fertilizer! kglkg K20 0.576
Pesticide! ka/kg 10.97
Diesel Fuel' ka/kg 3.64
Electricity? kg/MJ 2.086

'Biograce V4 (2012), 2Ecoinvent (2007)

Pesticides require the highest energy and
produce the most GHGs. Diesel fuel and nitrogen
fertilizers follow with minor difference between them.
The low pesticide quantity used in these plantations
results in low energy and GHG contribution in the
total agricultural system, whereas nitrogen fertilizers
and diesel fuel contributes significantly.

Tables 5 and 6 clearly show that non-renewable
energy required and GHG emissions for electricity
production in Greece are very high. These figures are
much higher than the EU average (Ecoinvent, 2007),
as the electricity grid in Greece is mainly supported
by units of coal and oil, with low efficiency, which
results in high energy input and GHG emissions.

3. RESULTS & DISCUSSION
3.1. Olive Groves
3.1.1. Current Energy and GHG emissions profile
Figure 2 shows the energy and GHG emissions
profile of the traditional olive grove.
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Figure 2. Energy and GHG emissions profile of the
conventional olive grove

The highest energy consumer and GHG emission
contributor are the fertilizers. The second most
important energy consumer are the pesticides,
followed by electricity and fuel. As for the contribution
to GHG emissions, fertilizers are followed by
electricity and pesticides, whereas fuel is on the
same level.
3.1.2. Energy alteration using organic farming

Organic farming reduces energy consumption on
a surface basis by 13.9%, as chemical fertilizers and
pesticides are substituted by less energy demanding
supplies, while the final yield is not reduced as much
(5%) (Figure 3).

Current practice Organic cultivation
Scenario

Figure 3. Energy efficiency alteration on a production
basis from conventional to organic olive grove

3.1.3 GHG emissions alteration using organic farming
Figure 4 shows that organic farming reduces
GHGs by 37.8%.
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Figure 4. GHG emissions alteration on a production
basis from conventional to organic olive grove

This reduction is significantly higher than the
energy reduction, as the chemical fertilizers applied
in the traditional farming system are substituted by
manure in the organic farming system. Another
reason is that chemical pesticides are substituted in
the organic system by paper traps (bait pheromone)
and baits associated with insignificant amounts of
GHG emissions.

3.2 Vineyards

3.2.1. Current Energy and GHG emissions profile
Figure 5 shows the energy and GHG emissions

profile of the traditional vineyard. The highest energy

consumer and GHG emission source is the electricity



for irrigation. The second most important energy
consumer are the fertilizers, followed by pesticides
and fuel. As for GHG emissions, electricity is followed
by fertilizers and pesticides, whereas fuel is on the
same level.
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Figure 5. Energy profile and GHG emissions of the
conventional vineyard

3.2.2. Energy

In the vineyard case, organic farming results in
significantly lower grape yield (31%), which has a
slightly negative impact on the final energy efficiency
(by 0.4%) (Figure 6). The fact that no chemical
fertilizers and pesticides are applied is not enough to
cover the loss of grapes  production.
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Figure 6. Energy efficiency alteration on a production
basis from conventional to organic vineyard

3.2.2 Greenhouse Gas Emissions
Figure 7 shows that GHG emissions are reduced
by 6.7%.
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Figure 7. GHG emissions alteration on a production
basis from conventional to organic vineyard

This is due to the fact that the pesticides and
chemical fertilizers that are not applied are
contributors (during the process of their production)
to significant quantities of GHG emissions. At the
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same time the chemical fertilizer substitute (manure)
is not taken into account in the GHG emission
calculations, as the manure is already left in piles to
be composted even if it is not used in the vineyard.

5. CONCLUSIONS

A comparison, using real farm data, is presented
between traditional and organic farming of an olive
grove and a vineyard located in the Sterea Ellada
region. It is based on the energy efficiency per unit
product and the respective GHG emissions. Olive
and grape production using organic farming gives
positive results in terms of energy savings and
reduced GHG emissions. In the case of olive groves,
organic farming reduces energy consumption by
13.9%, as chemical fertilizers and pesticides are
replaced by less energy demanding inflows, while the
final vyield is reduced by 5%. Greenhouse gas
emissions are reduced by 37.8%. In the vineyard
case, organic farming significantly reduced crop yield
(31%) resulting in worse energy efficiency (0.4%).
However, greenhouse gas emissions were reduced
by 6.7%.
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NAPATrQrH BIOAEPIOY AMO TYPOIAAA EMNAOYTIZMENO ME EKXYAIZMA HMI-KOMMOZTOMOIHMENQN
IZTEPEQN AMOBAHTQN NTHNOTPO®EIOY AYTONAPArQrHz

Ayyehiki Zrupo0dn?, AnpATpng Mewpyakdkng!, MatiAvra @odwpn!
EpyaaTrpio Mewpyikwy Kataokeuwy, Tuhua Agiomoinang @uaikwy Mopwy & Mewpyikng Mnxavikig, Topéag
Aypotikwv Karaokeuwy kai Mewpyikrig Mnxavikig, Mewtoviké MavemaTipio ABnvavy, lepd 086¢ 75, Botavikdg,
Abva, T.K. 18500

v epyacia autr peAethBnke n Trapaywyr Bloagpiou amd Tupdyaha pe TeplekTIkOTNTA 5,2% O€ OAIKA OTEPED
(0.Z.), oro omoio TpoaTébnke apaid udATIKO EKXUMOMO  NUI-KOPTIOOTOTIOINUEVWY  OTEPEWV  ATTOPBAATWY
mirnvotpogeiou auyorrapaywynis (1,6-3,2% 0.%.). To meipapa dietixOn oTIC eykataoTaoelig Tou Epyaatnpiou
lewpyikwv Karaokeuwv Tou TewtrovikoU Mavemiatnuiou Abnvav (F.M.A) yia SIG0TNHA TIERITIOU ETTTA UNVWV.
Aokipaotnkav diagopol udpaulikoi xpdvor mapayovig (YXIM) kar Adyor avauigng mnmikwy atepewv (AMZ) Twv o
VAWV e okomré v apigTtotoinon g dladikadiag, wg mpog v oTafepdTNT@ TG Kal T0 UWog TTapaywyng
Bioagpiou otV utrep-PeadPIAN TrepIoxY| e €Upog Bepuokpaaiag 38-44°C. Ta amoteAéopara £deifav pia BEATIOTN
péan T VBP 2,2 Nm3/m3yw-np yia pia péan Tipr VOL 2,5 kg NMZ/m3yw-ny, £va dpiato XI 24 nuepwv kai éva péco
AMZ = 1,43/1 ka1 Twg n Tapaywy Bloagpiou améd piyuara o VAWV XapnAng mepiekTikdtTag o O, OTwg Ta
TIOPATIAVW, MTTOPET VO OTTORET OIKOVOUIKG EQIKTH. Z€ TIPAKTIKO £TITIEdO, TA ATTOTEAETATA UTTOPOUV Va agloTToinBolv
aTTé TO TUPOKOWEID YIa TNV AVTILETWTTION TOU GNuavTIKoU TTPOBARUATOC XEIpIOHOU Tou TupoyAAaKToS Kal TTapdAAnAa
va e€oikovouniaouv CeaTd vepd f/kal NAEKTPIK EVEPYEIQ.

Né€eic kAeidia: Broaépio, avaepdpia Xwveuan, TUpOyaAa, amopAnTa TTnvoTpo@eiou, ekXUAITHO

BIOGAS PRODUCTION FROM WHEY ENRICHED WITH LIQUID EXTRACT FROM SEMI-COMPOSTED
POULTRY MANURE

Angeliki Spyroudi’, Dimitris Georgakakis', Matilda Thodori'

Laboratory of Agricultural Constructions, Department of Natural Resources Management and Agricultural
Engineering, Division of Agricultural Constructions and Agricultural Engineering, Agricultural University of Athens
(AUA), lera Odos 75, Votanikos, GR-18500, Athens, Greece
aspyroudi@gmail.com, digeo@aua.gr, gwgwthodwrh@yahoo.com

In this work, the production of biogas from whey, with 5.2% total solids (TS) content and liquid extract, with 1.6 to
3.2% TS content from water diluted semi-composted solid poultry manure has been studied. The experiment took
place at the Laboratory of Agricultural Constructions of the Agricultural University of Athens for a period of about
seven months. Various hydraulic retention times (HRT) and raw materials volatile solids (VS) mixing ratios were
tested in order to optimise process stability and biogas production rate in the upper-mesophilic range of 38-44°C. A
volumetric biogas production rate (VBP) of 2,2 Nm3/m3:-d was obtained at a volumetric organic load (VOL) of 2,5 kg
VSin/m3s-d, an optimum HRT of 24 days and an average VS ratio of 1,43/1. The results have shown that biogas
production from low - TS raw material mixtures, as the above, could be economically feasible. In practice, the results
can be used from cheese factory owners to properly handle their whey, while saving hot water and / or electric
power.

Key words: biogas, anaerobic digestion, whey, poultry manure, liquid extract

1.EIZArQrd T0UTOU, N avaEPORIa XWVEUDT, XPNOILOTIOIEITAI OTNV
H aTevétnTa Twv CUPPATIKWY KAUGTUWY Kal Ol mpden, agevds  yia v dlaxeipion  Kal
TEPIBAANOVTIKEG EMTTWOEIG B10popwv 0T00epOTTOINGN  OPYAVIKWY  UYpWV A nuI-uypwv
BropnXavIKWV TTPAKTIKWY, £X0UV OTPEWEI TN TIPOCOXN amoBAfTwy (McCarty, 1964) ka1 agetépou, yia TV
oV avaATnon véwv TINYwWv EVEPYEIAG TTOU va Eival mapaywyy  Blocepiou, TO oTOi0  PTOpEl  va
aTmodoTIKEG KOl TAUTOXPOVO  QIAIKEG  TIPOG  TO xpnoipotoinbei ge oeIpd eQapuoywv agiotoinarg
mepIBaAov. H avaepdfia xwveuon (AX) eivar yia Tou (Walsh et al., 1989).
BioAoyikr) péBodog kard v otoia, n opyaviky UAn H avaepofia xwveuon eivar pia ToAUTTAOKN Kal
UTTOpET KaI PETATPETTETAI OF€ PIOAEPIO — PiyHa KUPIWG duvapikry Biohoyikry diepyacia (Pind et al., 2003;
dioe1diou Tou GvBpaka (CO2) kar peBaviou (CH4) - Ryhiner et al., 1993) kai amoteAeital amd 1é00€pIg
amo eCe1dikeupéva avagpoPia Baktipia, yvwoTd wg edoeig: 1) udpbAuon Twv  TTOAUMEPWY  TTPOS
pebavoPaktipia, o€ oudéTEpo  TTPOG  AAKOAIKS udpodiohutd  povopepr  2)  ofeoyéveon,  3)
TepIBOMov.  Akbpa, o€ omOPANTA  OPYaVIKAS o¢ikoyévean kai 4) peBavoyéveon (Angelidaki et al.,
TTPOEAEUCNG, PEIWVEI TO OPYAVIKO TOUG QOPTIO Kal pE 2003; Batstone et al, 2002; Deublein and
autd Tov TpOTo Ta KOBIOTA KOTAMnAa yia v Steinhauser, 2008). MeTatl Twv Tapamévw @acewy,
am6Bean Toug atov TepIBarrovTikd amodékm. Qg ek N udpbAuon TIOAUTTAOKWY  OPYQVIKWY  UAIKWV
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Bewpeitan 6T eival o emPBpaduvTikds Tapdyovrag g
6Ang diepyaoiag (Pavlostathis and Giraldo-Gomez,
1991). Ta kmnvoTpo@Ikd amopAnNTa  TTEPIEXOUV
onuavTIkéG  TooOTNTEG  XOaunAAg  amoddunang
Myvokuttapivouxwv ulhikwv (Wen et al., 2004), 1a
otroia emdpoUv TTEPIOPITTIKA TNV UDPOAUTIKA GAan
(Gonzalez-Fernandez et al., 2008) kai emimAéov
TTpoKaACUV — TIpoPAAuATA  OTOV  XEIPIOWO  Twv
amoBATwv katd v Tpo@odoaia, TNV avadeuan Kai
v eaywyi  Toug  amd  Toug  avaepopIoug
BroavtidpacTtipeg (Lo et al., 1983). Ta ktvoTpo@Ikd
amoBAnTa, 101aiTEPA  eKEiva g€ Wopor  IAUOG,
amotedolv  éva  anuavtikd  TepIBAMAOVTIKG
TPOPANUa, Adyw TG PUTTAVONG EMIPAVEIOKWY K
UTTOYEIWV VEPWY OTTO TUXOV QVEEEAEYKTEG OTTOPPOES
ToU¢ (Hjorth et al., 2010; Sandiford, 1984).

Evag mpakTikdég TPOTIO¢ yia TV UEiwan g
TEPIBOAOVTIKAG ~ €TTidpacng  Twv  nUippeuaTwy
KTNVOTPOPIKWY  amToPAATWY  €ival 0 pnXavikdg
dlaxwpIopdg Toug ae ateped Kai uypd khdopara. To
oT1eped KAAopa amoteAei éva oxeTika &npd  Kal
TAoUCI0 0¢ avépyava OToIXEIa UAIKO, vy TO uypd
TIEPIEXEI ONMAVTIKE TT00ATNTA BI0-ATTODOUACIUNG Kal
udpodiaAuTrg opyavikig UAng (Burton, 2007; Meller
et al., 2002; Rico et al, 2007). O pnxavik6g
dlawpiopds  Twv amoPAMitwv ot aTeped/uypd
kAGouara ptmopei va BewpnBei w¢ yia oper| po-
emefepyaaiag, n omoia ouvigTaral oty aQaipean
TWV  AiyoTeEPO  BIO-ATTOdOUACINWY  PEPWV  TWV
amoPATWY. ZUYKEKPIYEVA, N Alyvivo-Kuttapivouya
UAn diaomaral dUoKoAa amd Toug avagpdBioug
HIKpoopyaviauoUg (Liao et al., 1984; Lo et al., 1983).
AT T OTIyUA Ouw¢ TTou TO OTEPEd KAAOUA Twv
amoBAfTwy  ptopei  va  xpnolyotomnBei  wg
€OAQOBEATIWTIKO HETA TNV KOWTIOOTOTTOINGK TOu,
Bewpeital Tpoidv pe TpoaTiBEPEVN agia (Brito et al.,
2008; Georgacakis et al. 1996; Lo et al., 1993). To
uypd  KAGopa, amaMaypévo  amd  Aiyvivo-
KuTtapivouxa UAIkd, Ba ptropoloe, OTn OuvExeld, va
amoteAéoel TNV TPWTN UAN yia TV TTOpaywyn
Bioaepiou, Tapoucialoviag pia  oelpd  amd
TTAEOVEKTANATA, OTTWG O EUKOAOTEPOG XEIPITUOG TOU
kaTé v Tpo@odoaia, TV avadeuaon Kai Ty eEaywyn
TOU M6 TOoug avaepdpioug BloavtidpacThpeg (Hill et
al, 2000). H a&omoinon Tou TUPOYAAGKTOG OTNV

Tapaywyy  Bloagpiou  TapExel  €mMITAEOV TNV
duvarétnTa  OPUOVIKAG  EVOWUATWONG TOu  OTO
olotnua  Olaxeipiong  Twv  amofAfTwy  Tou

Tupokopeiou (Aidypappa 1), divovtag d1E§odo aTo
ot anuepivd TepIBarovTIKG TTPOBANUa B1aBeaTg
TOU.

H mpwrotutria NG epyaaiag authg Eykermal aTn
XPAON NUI-KOPTTOGTOTIOINUEVWY  GOCHWY  OTEPEWV
amoBAfTWY  TITVOTPOQEioU, Ta OToia PETA ammod
apaiwar) Toug pe vepo, dlaxwpioTnKav Pe Pnxavikd
TPOTIO O€ apaId EKXUMOMA Kal OTEPED UTTOAEIUMAL.
21N OUVEXEIQ, TO eKXUAIoHa avapixBnke Pe TupdyaAa.
To piyua, TTou TPOEKUYE XPNCIKOTIOIRBNKE WG o’ UAN
yia v Topaywyr Ploagpiou. H TEIpapaTIKA
dladikagia  TTpaypaToOTIOIRBNKE OE  EPYOOTNPIOKN
KAipaka, Katd v otoia, TPoCdiopicTKAY Ol
akpIBeic  TOOOTNTEC  TwV  Uypwv  OTO  Wiyua
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Tp00000CIAG, TTOU  EMITPETIOUV TNV WEYIOTN
mapaywyy  Ploagpiou.  Ta  amoteAéopard g
epyaociag epappdotnkav  oTn  SUVAMIKOTNTA  TNG
TUPOKOUIKAG Hovadag, amé v omoia yivotav n
TTpopnBela Tou TUPOYAAOKTOG Kl ETTIXEIPAONKE Wial
TTPWTN TTPOCEYYION OIKOVOMIKAG agioAdynong Tng
0An¢ dladikaaiag wg ETEVOUTIKAG TTPOTACNG.
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AiiBeon TEAKWY Yvpuw

Aigypapuua 1. Mpéracn oAokAnpwévng dlayeipionc
ToU TUpoydAakTo¢ oTa TUpOKouEia, e TapdAAnAn
aéiomoinon tou amv mapaywyri ioagpiou  yia
mapaywyr BepUIKAS h/kar  NAEKTPIKAC  Evépyeiag
(Fewpyaxakng, 2011).

2. YNKKA KAI MEGOAOI
2.1. EpyaaTnpiokoi avTidpaoTipeg

Alo epyaompiakoi avagpopiol avTidpacTrpES,
tomou CSTR, w@éhipng xwpntikéttag 19L o
koBévag, xpnoiporoifBnkav yia t dieéaywyr Tou
TIEIPANATOG, OUVOAIKAG DIGPKEIOG 7 UNVWV TTEPITTOU.
O évag amd Toug avridpacTApeS Asitoupyoloe wg
paptupag. To Teipapa d1gixOn atnv utep-PeadPIAn
mepioyr) pe Beppokpacio 38-44°C. AokipdoTnkav
Tpelg  diagopetikoi YXI T1wv amoBAfTwv  aTOU¢
avtidpaoThpeg, 16, 21 kai 32 nuépeg, e
B10QOoPETIKEG avahoyieg PIypdTwy Tpogodoaiag. H
TPOQOOTIA TWV XWVEUTAPWY YIVOTAV avll 48 WPES.

2.2. YNk Tpo@odoaiag

ApxIK@, XpnoipotoiRenke wg UAIKG Tpogodoaiag
KOl 0Toug dU0 XWVEUTHPEG HOVO udaTikd ekXUAIoUa
KOTTPIAG TITNVOTPOPEiou, e dUO DIAPOPETIKEG TIUES
ohikwv oTepewv  1,6%«p. Kal 3,2%xp, HEXPI VO
aTabepotroinBei 1o pH Kal To TTapayouevo Bloagpio.
la ™ TOPACKEUR TOU EKXUNIOUATOG TITNVOTPOPEioU
pe vepd XPNOIPOTIOIRBNKAY NUI-KOUTTOGTOTIOINUEVD
omoRANTa TITNVOTPOGEIOU apaiwéva e VEPS OF
avahoyia 1:1 katd Bapog mepiTou. Metd v avapign
Twv omoPAiTwY e vePS, TO Wiypa  ugicTaro
XEIPOVOKTIKA) OUMTTIECN TIEPVWVTOG avAPECa OTo



000 oupudTiveg oiteg ue omég diapétpou 1,00cm Kai
0,2cm avTigToIXO O€ UTTOKOTACGTAON TOU HNXAVIKOU
dlaywpiopou. To Tapayduevo ekxUAIgHa, kabwg Kal
10 TUpOyaAa, amoBnkeloviav o€ WPIKPA TTAOCTIKA
doxeia Twv 3 kai 5L ot kardyugn (-15°C). Metd am6
kGBe TPOQODOTIa TWV XWVEUTAPWY aalpolvTav atoé
TNV KATAWUEN Kal TTapéPeve yia amoyugn, n emouevn
dbon Tpopodoaiag.

2.3. Metprioeig

O Aoyog Twv TITNTIKWY OTEPEWV TUPOYAAAKTOG/
eKYUAiouarog kotmpiag yia kabe YXIT autavovtav e
oTadIOKr TTPOCOAKN TUPOYAAAKTOG Kai TTapdAAnAn
agaipean 100To00U eKXUAiopaTog, €101 WOTE va
dlamnpeital KGBe Popd aTABEPOS 0 TUVONIKOG BYKOG
TOU Hiyparog Tpogodoaoiag. KaBe 48 wpeg padi e m
TpoQodocia yivétav pétpnon Tou pH kal NG
Bepuokpagiag Twv ECepXOUEVWV UYPWY, EVW OTO
T€AOG KABe QAang mpoadiopilovTav MITTAEOV Kal Ol
TIPEG TwV OZ%«kp., MZ%o0s Kal MZ%xp. TWV TPWTWVY
VAV Kal Twv eEepxOuEVWV Uypwv e Bacn TIG
standard methods (APHA 1992). TéAog, petpioTav
Kal ) TIEPIEKTIKOTNTA Tou Ploaepiou ae pebavio (CH4)
OYKOUETPIKG e amoppdenan Tou Odiofeidiou Tou
avBpaka (CO2) oe kopeapévo didAupa udpoteidiou
Tou varpiou (NaOH).

3. AMOTEAEIMATA KAl ZYZHTHZH
3.1. XapaktnpIoTIKG ' UAWV

To Tupbyaha TpoepxoTav  amd  amdpAnTa
TUPOKOUIKAG povéadag mapaywyng Tupiol — @étag —
omv Tepiox) ™G Apyohidag. Ta amopAnTa
TITVOTPOPEioU TpopnBelovTay o€ ni-
KoptrooToTIOINUEVN  Oomognpapévn - popery  amd
TITNVOTPOYEIO  QUYOTTAPAYWYAS OTn TEPIOXA NG
KopivBou. H péan TepiekTIkdTNTO TG KOTTPIAS O€
OAIKG kal TITNTIKG aTEPEd TTPOadIopiaTnKe a€ 55,79%
kar 37,31% kard@ BApog, v TOU TUPOYGAOKTOG OF
516% «kai 4,42% avrioToixa. To vepd kai T0
TUpOyaAa  Aeitolpynoav  w¢  dIoAUTEG  yia Ta
amognpapéva  nuI-KopTIoaToTIOINUEVD  OTEPEQ
TITNVOTPOPIKG amopAnTa (HZMT), dnuioupywvTag Eva
apaid piyua katdMnAo yia 0koAn Tpogodoaia Twv
XWVEUTAPWY Kol avadeuon Tou  Wiypatog  aTo
eowtepikd Toug. Ta TIOIOTIKG XaPAKTNPIOTIKA TOUu
udaTikoU ekxuhiopatog Twv HEMT oc k@be YXM
mrapouaialovrai atov Mivaka 1.

Mivakag 1: MepiekTikdTTA TOU €KXUAIOPATOG TwV
HZMr o¢ O kai N o didopoug YXI kai TipéG pH

Mapayerpog YXM =16 nu YXM=21,32nu
02% «p) 1,64 3,23
MZ% (o) 69,36 67,48
MZ% «p) 1,14 2,18
pH 9,47 9,26
Amé Tov Tivaka 1 TPOKUTITEI TIWG GTO

eKXUAIoa, Ta TToooaTd Twv O kai MZ kard Bdpog
eppaviovral dimAaaia axeddv atoug YXIT Twv 21
kal 32 nuepwv évavtl exeivou Twv 16 nuepwv. H
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dlagopotmoinon  auty  amoddBnke aTO  peEYAAO
XPOVIKO d100TNHa TNG TrelpapaTikng diadikaaiag yia
TIG 16 nuépeg (3 urveg Tepitrou) o€ axéan e TIg 21
Kal 32 nuépeg (emmmAéov 4 ufveg TrepiTTou) Kal
OUVETIWG OTa DIaQOPETIKAG auaTaong @optia o
UMDV KOl TOUG  QVOTTOQEUKTOUG  BIOQOPETIKOUG
XelpIopoUs g ato Epyacthpio. Ouwg, 10 yeyovog
auté aglomoindnke kardAAnAa  Trapéxovtag v
duvatdtra mpoadiopiopol Twv Adywv avauigng M
yia ‘eAaxiotn’ kai ‘péyiotn’ mapaywyn Ploagpiou,
OTwG avarTiooETal o KATW.

3.2. Napaywyn Bloagpiou

H 1pog@odoaia Tou Xwveuthpa - YapTupa yivotav
MOVO Je EKXUAIOHO TITNVOTPOPEIOU e VEPO, EVW TOU
GAou, pe ekXUAIOUO TITHVOTPOQEIOU HE vEPO Kal
TUpPGYaAa, 6TTWG TrpoavapépBnke. MNa kade YXI (16,
21 xai 32 nuépeg), o1 akpiIPeic NUEPHTIES TTOTOTNTES
TWV JIydatwy Tpogodoaiag Atav 1,2, 0,9 kai 0,6L
avrioTorxa. H TmepiekTikOTTA TOU Pioagpiou Ot
pebavio (CH4) Tpoadiopiobnke kard pégo 6po aTo
72% (3 petpnoeig). To Tupdyoha Exel augnuévn
TIEPIEKTIKOTNTA OE USATAVOPOKEG, N OTTOia EUVOET TNV
avamruén Twv ofeoTpdewy PakTnpiwv, Adyw TOU
€VTOVOU PUBHOU TTAPAYWYAGS OPYAVIKWY OGEWV, AAAG,
Aoyw omougiag ETOPKOUG  auMWVIaKOU alwTou,
Tapouaiadel xapnAn pubuioTikg IkavotnTa (Hanson,
1982). Tnv éMeiyn adwrou épxetal va kaAlOyel n
TTapoudia Tou TTAOUCIOU O€ aupwvia EKXUNioHATog
HZIr.

Acdopévou 611 n mepiekTikdéta og X TOU
eKXUAiopaTog amofAfTwy TITVOTpOQEiou Pe vePO
TIOU XPNOIMOTIOINBNKE OTa Wiypata Tpo@odogiag
Atav dlo@opeTik avéueoa aToug Tpelg YXIT, Eyive
TTPOCOPHOY TwV ATTOTEAEOUATWY. ZUYKEKPIPEVA, O
AME 1wv 16 nuepwV £QapUOaTNKE Kal yia Toug YXTIT
21 kai 32 nuépeg kal avtiotpo@a, o AMNZ Twv YXIT 21
Kal 32 nuepwv epapudoTnke yia tov YXI 16 nuépeg.

‘Era1 mpoékuwav duo eviaiol AN yia éAoug Toug
YXM, évag min Kal évag max, yid TOuG OTIoioug
mpoadiopioTnkav  n ‘eAaxioTn’ Kai - ‘uéyioTn’
oykopeTpikr Trapaywyny Pioagpiou (VBP) kai n
oyKkoueTpikr opyaviky @dptian (VOL) avrioToixa,
OTwG QaiveTal XapakTnpioTikG otov [ivaka 2, o
oxéan Je Tov paptupa (AMz = 0,0/1).

Mivakag 2: ‘MéyioTn’ kai ‘eAdXI0Tn’ OYKOMETPIKA
Tapaywyn Ploagpiou Kai opyavikr ¢opTIan.

YXI (nuépeg) 16 21 32
Miypa
Tpogodoaiag 1.2 0,9 0,6
(L/24h)
VBP max
(NI ) 141 | 245 | 1,51
1,981 VOL max
- (kMM rn) 214 | 296 | 2,14
o VBP min
EE . (NI et) 0,76 | 1,59 | 0,77
2 VOLmin | 425 | 489 | 1,32
5 (kgNZ/m3y-np) | ’ ’
= VBP
(N 0,31 | 0,92 | 0,19
0,01 VoL
(kgM ) 0,74 | 1,05 | 0,68




MNa v Olaudpewon Tou Mivaka 2 AfeBnke
uTToYn Kal TO YEYOvOG TNG YPAUMIKAS algnang g
Trapaywyng Bloagpiou ToU Taparnpeital Pe v
avénon g VOL, evtég opiwv, o kaBe TipR YXII
(Apouya k.@., 2011). Or Tigég pe bold mpoékuyav
kat@ v TelpapaTik diadikaoia, evw o1 TIPEG e
italics amd v Tpoavagepbeica ypaupik augnon
G Tapaywyng Ploagpiou pe TNV TTPOGBAKN
TUpoya@AakTog (augnan tou AME).

A6 1o aToixgia Tou MMivaka 2 yivetal euQaveg,
WG N TPOCONAKN TUPOYAAAKTOG O€ QVTIKATAGTAON
avTioToIXng ToaoTNTAC eKXUAioparog HIT, xwpic
va PETaBaAETal n guvolik nuepaia TroadtnTa
TpOQOdOTIag Tou avagpopiou Xwveuthpa (aTaBepog
YXIM), pmopei va em@épel TOMamAaaoia augnon
otV Trapaywyn  Plodepiou, CUYKPITIKA e  TOV
XWVEUTAPa - papTupa (Xwpic Tupdyaha), yeyovog
TTOU EMITPETTEI BETIKOTEPEG OIKOVOUIKEG OEIOAOYATEIG
TETOIWV EYKATAOTACEWY OTA TUPOKOLEIQL.

Ekgpalovtag Ti¢ ‘Péyioteg’ Kal TIG ‘eAAXIOTES
TIMEG TNG OYKOUETPIKAG TTapaywyng Ploaepiou (VBP)
oe  Nm¥mdy-nu Kkal  TIG QVTIOTOIXEG  TIUEG
OYKOWETPIKAG opyavikhg @opTiong (VOL) oe kg
MZ/m3yw-ny, TPOKUTITEl évag BEATIOTOG UBPaUAIKOS
xpovog mapapovAg (YXI) 24 nuepwv (AiGypappa 1).
MNa v Ty autq kar éva pégo AMZ = 1,43/1
TTPOKUTITEI pia avTioToin BEATIOTN péon Ty VBP =
2,2 Nm3/m3yu-nu kai VOL = 2,5 kgM.Z./m3yw-ny,
oUp@wva e 10 id10 didypaupal.

levikog T0TOG 1 Tevikog 100G
- Tevikog T0mmog
Mewkog ToTog - 1 Tevikog T0TOE
o= o 12’2 Bioagpravikog T
F§IKO§ Tumos 1 | 1 Tevikog Tomak
=
= 1 Tevikdg TOTER
FgIKog 100G =
53 1 Tevikdg TR
g ) . <
I'@Kég 10mog - 125 FEVIK(?Q TUT@
= 4 Tevikdg Tung
r @Kég rimog | /T\ | Tevikog TomEs
= | | Tevikeg 10mioe
l l l l

levIKOg TUTTOG levikdg T0TT0G
levikdg Méwieqgg awmegc féviegg féwmegg T0TOg

YXI (nuépe)

Aigypauua 1: TNapaywyn Bioagpiou (VBP) kai
opyavikn edption (VOL) ae axéan e tov udpauAiké
Xxpovo mapapovric (YXI) tou piyuaros a’ uAwv otov
avagpoBio Ywveutripa

H mapaywyr amAa kai pévo BepuikAg evEpyelag
armo 10 BIoaEPIO, TTOU UTTOPEi va TIPOKUWE! ammd v
agiotoinon Tou TUPOYAAAKTOG OTO TUPOKOWEID TTOU
XpnoigomoiRbnke oty Tapoloa  epyaaia,
utrohoyiotnke oe 443 MWhun/étog, 10080vaung atiag
oe uypaépio 50.958 eupw (0,8€/L). Zmv mepiTTwan
G XPAONG Tou Pioagpiou yia  GuUPTTAPAywWyR
NAEKTPIKAG  kal  BepuikAg evépyelag (£.H.0.), n
NAEKTPIKY evépyela ptmopel va  @taoel T 160
MWhe/étog, xpnuatikig agiag 40.540 cupw, pe Tiyn
ayopag g amé ™ A.E.H. 1a 253 €/MWhe kai n
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Bepuikn 11 252 MWhw/éTog, 1008Uvaung agiag pe
uypaépio 28.027 eupw. Ze APPATEPES TIC WG Avw
TIEQITITWOEIG, N Trepigaela BepuIkAG evEpyeElag, PETA
MV aQaipecn Twv - avaykwv - Béppavong  Tou
XWVEUTAPQ, TIPOKUTITEI TTWG WTOPEl va  KOAUWEI
TAAPWG TIG avaykeg TTapaywyng (eatol vepol/aTuou
010 €V AOyw TUPOKOWEIO, UTTOKABIOTWVTAG OAn TV
TT00OTNTA UYPOEPIOU, TTOU XPNOIPOTIOIEITaI CAUEPT
(24.200 L/¢10g).

Epappoyn TOU HovTéAoU OIKOVOMIKAG
agiohéynong M.B.E.E.Model (Georgakakis et al,
2003) £0e1ge TTwG n emévdUGN PTTOPET VO aTTOGRETTE
EVTOC OWOEKAETIAG, amd v Evapgn Acitoupyiag Tng
gykaraoTaong,  avetapmta amdé  T0 av N
XpNuaTod6tnan Tou £pyou yivel pe idia kepahaia, €ite
péow Tpamefikou daveiopol (Spyroudi et al, 2013).

4. TZYMMNEPAZMATA

H mpoaBrikn TupoydAakTog oTnv TpoQodoaia Tou
avaepdpiou  xwveuthpa  pe  ekxUMopa  HZTIT
ouvéBale BemikG aTnv algnon NG TApaywyns
Bioaepiou éwg v BéATIOTN Wéon TR Twy 2,2
NmM3/m3yw-Nu Kai TNV péon TIUA 0pYaVIKAG GOPTIONG
Twv 2,5 kgr.Z./m3yw-ny yia éva apioTo péoo YXI 24
nuepwyv. H mapaywyr Ploagpiou/ueBaviou pe ™
xpAon ekxuhiouarog HZMr Atav  TouhdyioTov
dImA\daia og axéan pe auTr| Tou €xel avagepbei atnv
BiBAoypagia (Deublein and Steinhauser, 2008). To
ekxOMloga Twv  HZMT  perd v TPoabnkn
TUPOYBAQKTOG OTO iyua Tpogodoaiag, Asitolpynae
WG pubuIoTAG, WOTEe T0 gUOTNUA VA TTAPAPEVEI OF
a1abepr| 1IcoppoTia. O1 TiéS Tou pH Kupavenkav ae
IkavoTroINTIKG  emimeda  (>7), diao@aAifoviag Tn
owoTh  Aeimoupyia Tou cuoTAuarog. Méow Tng
avaepdplag  xwveuong,  EMITEUXONKE  GNUAVTIKA
HEiwan Tou apyIKoU opyavikoU GopTiou GTO piyua OE
mo00aTé TG TaEng Tou 70%[MZ. To mapayduevo
Bloaépio pmopei va utrepkaAUwel TIG avAykeg Tou
TUPOKOUEIOU O BEPMIKN EVEPYEID, UTTOKABIOTWVTAG
TAPWG TO Xpnolyotrololpevo orfjpepa uypaépio. H
omooBean Tou emeVOEdUPEVOU  KEQaAaiou, HECW
xpnuaroddmang e idia kepaAaia f/kar Ye Tpamediko
daveloud, eivar duvard va yivel yéoa ota mpwra 12
Xpovia Acitoupyiag NG €ykaTdoTaong, A@AVOvVTAS
agiohoya TepIBwpla képdoug.
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EKTIMHZH KAl ANAAYZH TQN EKNOMMNQN CO2 MPOEPXOMENQN AMO THN XPHZH FEQPT1IKQN
MHXANHMATQN

M. AougoTrolAou’, E.PodicgZ, A. Mmoyxtng?, A. Méoyou!

" ApiaTotéAeio MavemioTthpio Osaoalovikng, Mewovikr xoA Topéag Eyyeiwv BeAtiwoewv, Edagoloyiag kal
FewpyikAc Mnxavikng, ApiatotéAeio Mavemotiuio Ocoaahovikng Mewtovikr Zx0Ar MavemotnuioloAn 54124
Oeooahovikn,

Tewmoviké Mavematipio ABnvay, TuApa Agomoinang Guaikwv Mépwv kai Mewpyikng Mnxavikrg, lepd 0d6¢ 75,
ABnAva, 11855
SUniversity of Aarhus, Department of Engineering, Blichers Allé, Tjele, 8830, Denmark

O1 di1Gopeg OpaaTNPIOTNTEG TG YEWPYIKAG TTOPAYWYNAG ATTAITOUV €I0P0EG EVEQYEIAS LE GNUAVTIKA €TTiIdpaaN
o1o TEPIBAANOV auaTnua. H eigepxdpevn auTr evépyeia UTTOPEI va KaTnyopIoToinBei o€ ) AETES EITPOES Kal [B)
EUpETEG €10p0éC. H eidpaon Twv e10powv autwv aTo TepIBaAov pmropei va agiohoynBei pe d1agopoug beikTeS Evag
€K Twv oTToiwv gival o1 ektrouTiéG Blogeidiou Tou dvBpaka (CO2) atnv arpéo@aipa. O cuykekpipévog deiktngG eival
amd Toug TAéov onpavTikoUg Adyw Tou OTl To B10&eidio Tou AvBpaka eival éva amd Ta BacikoTeEpa aépia Tou
BeppoknTriou e coBapég TEPIBANNOVTIKEG ETITITWGCEIG. ZTO EVEPYEIOKS 1G0CUYI0 TWY YEWPYIKWY EKUETAAEUTEWY,
kai kar' eméktaan oTig ekmopmég CO2 , 1D1aiTEPO EVOIOPEPOV TTAPOUTIATOUV Ta YEWPYIKG uUnxavhuaTa 6gov agopd
OTNV KATOOKEU, OTN JETaQopd, oTn AciToupyia Kal ouviipnan Toug Kal o dlaxeipion Toug. 2Tnv Epyacia auth
Tapouaialetal n WEBodog exTiunong Twy ekmouTwy  CO2 amd dpaaTnpIOTNTES TTOU OXETICOVTAI E TA YEWPYIKA
pnNXavAuaTa 6Gov agopd aTn Tapaywyr KOAAUTToKIoU.

Né€eic kAeidia: e10poég evépyelag, 81ogidio Tou avBpaka, ekunyavian, JeTaBoAn evepyelakoU Igoduyiou.
ESTIMATION AND ANALYSIS OF CO; EMMISSIONS FROM AGRICULTURAL VEHICLES

M.Loufopoulou’, E.Rodias? , D.Bochtis?, D. Moshou
"Avristotle University of Thessaloniki, Faculty of Agriculture, Land improvement, Edaphology and Agricultural
engineering, University Campus 54124 Thessaloniki
2Agricultural University of Athens, Department of Natural Resources and Agricultural Engineering, lera Odos 75,
Athens, 11855
SUniversity of Aarhus, Department of Engineering, Blichers All¢, Tjele, 8830, Denmark,
loufaki2011@hotmail.com, efthimisr@yahoo.gr, Dionysis.Bochtis@agrsci.dk dmoshou@auth.gr

The primary sector of production is one of the most important area of the production, regardless of the produced
goods . The proper management of rural activities it can contribute to the economic management of the farm
reducing fertilizing, fuel, seed , pollutants and many other factors that increase the cost of production. Use of the
machines in the field of work, during the production season, accompanied by waste materials. Those materials it can
be lost seed, lost fertilizing and lost spraying ,this effect it comes from mishandling farm control during the application
process. As result of those west materials is the flow of energy in the system (farm inputs), those farm inputs can be
categorized on indirect inputs (from manufacturing, transportation, buildings ,repair and maintenance) , direct inputs
(from field traffic ,material transportation, machinery operational transportation) and all this translates as the energy
balance change. This energy has implications to environment because of poor management field work, so it is very
important to systematically approach the input. The effect of inputs on the environment can be assessed by several
indicators, one of which is emissions of carbon dioxide (CO2) in the atmosphere. The option of the index is based on
the fact that carbon dioxide is one of the main greenhouse gases, with serious environmental consequences. In this
study we are interested for corn production.

Keywords: farm inputs, carbon dioxide, mechanization, energy balance change

1.EIZArQrH éktaon aviABe ota 181,800.00 ha mepimou 1.8 ex.

O apapoéoitog cival éva avoigidmiko €THOI0 oTpéupara e mapaywyrn 2,165,790 tonnes kai
onunTpIakd. H emAoyn Tou ag auth T epyaaia yive omodoon mepimou 1,191 kg avd  aTpéuua.
pe Paon 1O yeyovog OTI amoteAei  Bacikr Tmyn M'vwpilovTag WS 0 aypoTIKOS TOUEAS EXEl GOV GTOXO
diatpoorig, n paydaia avtnon g kaAiEpyeiag Tou MV Tp0YOdETNON ™G ayopdg e TpoibvTa
kai emmAéov T O1dQopa pépn Tou TIOU éXOuv amapaitnTa  yid TNV KGAUWn Twv avBpwivwy
Biopnxavikh xphon. £mv Eupwn clugwva pe Ta avaykwv. H ouvexbpevn altnon ™G ATONg
otamioTikd  gToixeia  tou  FAO  (2011) n TTPOIOVTWV UWNARAG TTOIGTNTAG Kal XaunAoU KAGTOUG
ouykodioBeioa  éktagn  umoloyioTnke  OTa 0dAynoe oV eKUnXavion g yewpyiag kar@ tnv
16,451,157 ha d&nAadr 164 ex oTpéuara e omoia T YEWPYIKA pnxavApata ekteAolv  TIG
mopaywyy 108,571,262 tonnes. Xmv EAMGda B1GQOpES  aypoTIKEG  EPYOTiES, QVTITIPOOWTTEUTIKA
OUYKEKpIpEva UTTOAOYIOE TIWG N ouykopioBeioa eival Ta gtamoTikd oToieia Tou FAO (2008) katd Tov
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OTT0i0 0 apIBUOG Twv TPAKTEP KOl Twv  GAAWV
HNXaVNUATWY GTOV TOPéD TNG yewpyiag éxel augnBei
KOt Tn OIGPKEIN TOU TIEPACHEVOU aIWvVA KAl O
apIBUOS Twv EAKUCTAPWY TTaYKOOIWG Exel augnBei
amo6 11 ekarouuUpia 10 1961, o¢ 28 ekarouuipia 10
2006. Autd¢ o0 aufnuévog PaBuog ekunxavion
odAynoe oty peAéTn  Twv  TEPIBAMAOVTIKWY
EMTTWOEWV TG EKUNXAviong, Kabwg n yewpyia
@épel i onuavTik cupBoAr OTIC avBpwTToyeveig
EKTTOPTTEG  agpiwv  Tou  Beppoknmiou  (GHG), pe
pepidio Tou exmigatal o€ 10-12% Ttwv TaykéouIwv
ekmropwv (Smith et al., 2007). Eta1 divetar 101aiTepn
Euaon oTIC dIAQOPES EVePYEIOKEG OTTOTANEG OTOV
TOHED TWVY YEWPYIKWY GUATNUATWY TTOU £XOUV GUEDN
oxéon pe OAeg TIC €10poéG Tou AauBdvouv pépog
otV Tapaywyikr diadikaaia. H eigepyduevn autr
EVEpyela UTTopei va katnyoplotroinbei o€: a) dueaeg
elopoég ,B) €Eppeceg eiopoés. H emidpaon Twv
€I0pOWV  autwy oT1o  TEPIBAMoOV  pTTopei  va
agiohoynBei pe didgopoug BeiKTEG €vag €K Twv
omoiwv gival ol ekmouTéG dlogeidiou Tou AvBpaka
(CO2) aTnv aryéopaipa.

1. YANIKA KAl MEOOAOI
2.1 EvepyelokéG €I0POEG OO TOV TPWTOYEVH
TOMEQ TTOPAYWYNAS
2.1.1. Aueaeg £10p0EG EVEPYEIDG

AauBdavovtar amd Ta OPUKTA Kauglua. To
HEYOAUTEPO PEPOG TNG EVEPYEIDS TTOU XPNOIUOTIOIEITA
TIPOEPXETAl  OTO  Ta  KaUalga  vriCeh,  Bevdivn,
uypagpio, AvBpaka, kal ammod TNV NAEKTPIKA EvEPYEIQ,
n otmoia ptopei va TrapaxBei amé opukTéd Kauaiua A
GMeg TMyéC. To kavaipo vriCeh eival n Mo eupéwg
xpnoipotroloupevn amd OAeg TIG GuETEC eVEPYEIEC
aTov Topéa TG yewpyiag pe 60% -80% Tou guvoiou
UYPWV KOl agpiwv  Kauaipwv TeTpeAaiou  Trou
XPNOIPOTIOIoUVTaL.
2.1.2. EPUETES £10POEG EVEPYEIDS

H éupeon xpron avagéperal aTnv evEpyela TToU
XPNOIUOTIOIEITal YIa TV TTapaywyr Tou e¢omAiouol
Kal Twv  GAAWv UNKWY TTOU XpnaIhoTIolouvTal aTo
aypoktnua. AutoU Tou €idoUG Ol EKTTOUTIEG agpiwv
TOU Oepuoknmriou TOU  TTPOKUTITOUV  amd TNV
Tapaywyy Twv AImaoudrwy, QuToQApUaKwY, atd

v Kalon Twv  KOUGIhwY  Kal - XpAon  Twv
pNXavnuaTwy yia TNV ekPeTAGAAEUon ptopolv va
OoupgBGlouv 660 TO  WICG  TOU  GUVOAIKOU

mrpoUTohoyiouol GHG Twv yewpyiKwv KaANEpyEIlV
Adviento-Borbe et al., (2007).

2.2 NMopaywyn owoépwv apapociTou

H omopomapaywyy cav €maTAUN Kkai gav
epyaaia eival 0 GuVOETIKOG KPikog Twv dU0 peyaAwv
KAGOWvV NG yewpyiag TG  €peuvag  Kal NG
EQUPHOYNG.
MINAKAZ Ekmopmég CO2 yia v Tapaywyn
S14¢Qopwyv aTTOpWY

Zmop0g "Ekmopmég C 2EKTTOpTIEG
kg C/kg omopou | CO2 kg CO:
kg oTr6poU
Apapoaitog 1.05 3.85

1T.0 West et al.(2002), 2 1kg of CO2=0.273 kg C

2.3 Fewpyikd pnxaviuata

lNa TNV KOTAOKEUR TWV SIAQOPWY UnxavnudTwy
T0 evepyelakd KOaToG utoAoyiletal pe Bdon Toug
TTAPAKATW TTIVOKEG.
Mivakag 1 Moocootdé ekmopmwv CO:2 yia v

KOTOOKEUR  TPOKTEP KOl TOU  OyPOTIKOU
egomhiopol (Kg CO2/MJ

EAkuoThpag 0.09

E¢omAioudg 0.1

M. Safa et al.(2011)

Mivokag 2 Evépyeia TmOoU  ammouTeite amd
O10QOPETIKOUG TUTTOUG YEWPYIKWY HNXAVOHATWY
(MJ/kg)

Mnxavnua/E€omrAiopog | Evépyeia (MJ/kg)
EAkuoTrpag 138
Apotpo 180
AigkoaBapva 149
KaA\igpynTiig 133
AiravTipag 129
Opéla 148
Mnxavh ouyKopIdng 116

Bowers, W. 1992. Agricultural field equipment.
Energy in farm production.

A6 Tov guvduaoud Tou Trivaka 1 Kal mivaka 2
TIaipVOUpE TIG EKTTOUTIEG DloEeIdiou Tou dvBpaka yia
TNV KOTAOKEUT TwV dIAQOPWY UnxavnudTtwy ava KIAd
Unxavnuarog.

Nivakag 3 Extroptrég diogeidiou Tou avBpaka yia
TNV KATAOKEUR TWV PNXavNUAaTwy Kai §0TTAIoHOoU
(kg CO2/kg)

Mnxavnua/egomAiouds | Exmopmég CO2
(kg CO2/kg)

EAkuoTipag 12.42
Apotpo 18
AigkooBapva 14.9
KaM\igpynThig 13.3
Airavipag 12.9
Opéa 14.8
Mnxavr) ouykou18ig 11.6

2.4 Kavoipa

Ta kavowpa givar n o anuavtik Kupia Tmyn
ekmroutwv COx.

Nivakag 4 Extroptrég dio§eidiou Tou avBpaka ava
AiTpo kauoipou

Evépyela 2Ekmopmég | ExmouTtég
MJ/L Kg CO2/MJ | Kg Coz/L
NtieA | 47.8 0.0687 3.28386
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1Saunders et al.(2006), 2 Baines (1993)




Me Baon Tov mivaka 4 umoAoyioval yia K&Be
kaAigpynTikA epyaaia ol ekmopmég Tou CO2 amy

10aVIKA

TIEPITITWON

omou  Ta

pnxavruaTa

oAokAnpwvouv TNV epyagia yia TNV Tapaywyn
apaBbaitou e Wia pévo petakivnan atov aypod.

Nivakag 5
Epyaoiec& 1Aamaveg | Exmoutég | Exmoumég
pnxavnuata | kaugipywv | CO2 CO;
L/ha Kg CO2L | Kg
CO2/ha
Opywpa 27 3.28386 88.66
AigkooBapva 7 3.28386 22.98
Kah\igpyntng 8 3.28386 26.27
Aimavan 2 3.28386 6.56
lootédwan 4 3.28386 13.13
Z1opa 55 3.28386 18.06
Zkahiopa 2 3.28386 6.56
Wekaopara 1,5 3.28386 4,92
ZUYKOUIdN 18 3.28386 59.10
ZYNOAO 246.28

Kitani (1999)

Me Baon Ti¢ avagopég Tou M. Safa et al (2011)
yia Tn kivnon ato 0poéuo vriCeh péoou fodeuovtal
0.079 Litonne-km, dpa ol ekmoutég CO2 avd Tovo
pnxavAiuaTog-xIAlouéTpwy Ba givar:

0.079 *3.28386 = 0.25942 Kg CO:/tonne-km

2.5 ANmdopara
Me Baon Ta aTaniaTikd aToixeia Tou FAO 2008 n

Mivakag 8
Evepyelakég ZUVTEAEOT. kg
QTTAITATEIS Exmoutmng CO2/m?
MJ/m2

Kripio | 590 0.1 59

2.7 Outo@dppaka

Q¢ QuToPApUOKa avapépovTal pia OEIpa aTmod
@dpuaka- ¥nuIKEG ouaieg Tou dnuioupyolvTal e
OTOX0 TNV  OTTOTEACOMATIKA  KOTOTIOAEUNGN  TWV
EXOPWY TWV QUTWV.
Nivakag 9 Exmoptég CO2 améd TV Tapaywyn, T
peTaQopd, TNV amobAKeuan

Gurogdppaka | ‘Evépyeia | 2Ekmopmég | kg
MJ/kg CO2AMJ CO2kg

Zigavioktévo | 310 0.06 18.6

Evropoktovo | 315 0.06 18.9

TayKOOUIO  XPAOTN TwV  YEWPYIKWY  AITTAoUATWyY
auéfbnkav amé 30,5 ekart. Tévoug 10 1961, ae 102
ekatopuUpia Tovoug, 10 2002.To KaAaumoki Adyw
G Hey@Ang Toodmrag Piopddag Tou Tapdyel,
amoppoPa peyaAeg TOGOTNTEG BPETITIKWY GTOIXEIWY,
€101 yia Tnv apaywyr| 1000kg Kaptmou KaAauTToKIoU
avd oTpéuua e Paon T0 lvaTitoUtou  ZITnpwv
Oegoalovikng Ta amoteAéopara Tou ¢dwaav ATav;
19.4 kg alwrou, 2.7 kg ewoedpou , 13.8kg kahiou.

Mivokag 6 Exkmopmég CO2 yia tThv  mapdywyn-

ouoKeuaaia-aoBnKeuon-diavoun AiragpdTwy
Aimaopa | 'Evépyeia 2EkmopTiég | Exmoptég
MJ/kg kg Kg CO2/ kg
Cco2/MJ NiTréioparog
N 78,1 0.05 3.9
P20s 17,4 0.06 1.0
K20 13,7 0.06 8.2

1 Kitani, 2 Saunders et.al (2006)
Mivakag 7 Exmroptrég CO2 apaywyn 1kg omoépou

Aimaopa | Exmoutég | Kg Kg CO
Kg CO2/ kg | himrouarog | aTpéupa
NMimboparog | /oTpéupa

N 3.9 19.4 0.07

P20s 1.0 2.7 0.002

K20 8.2 13.8 0.11

2.6 AypOTIKEG KATOOKEUES

lNa 1a ayportika kTipia pe pacn tov Wells (2001)
0 OTIoiog UTOBETEl WIa Evepyelak amaitnon Tng
T7a¢EWS Twv 590 MJ/M?2 pe Tov GUVTEAEOTAG EKTTONTITG
va givar 0,1 kg CO2/ MJ.

12 Saunders et al.,(2006)

2.8 ZXuoTthpara dpdeuong

H dpdeuan eivar onuavtiky yia v €miteudn
ugnAwy amodootwy 0t Avudpeg TIEPIOXES. €
maykéopia  kAipaka, 10 17% Twv apdeudpevwy
kaMiepyelwv  odnyei oe 40% TG  OuvoAikAg
mapaywyng (Lal, 2004). O1 West and Marland (2002)
EKTIMOUV  OTI o1 ekmopméG  amd v Apdeuan
Kupaivovral omd 125-285 kg CE / ha / ¢1og.
Ymohoyiovtag pia péon 1A Twv 205 kg CE / ha /
€10¢ ekppaouévn o€ 10odlvaua avBpaka. Ol
EKTTOUTTEG D10EEIdiou TOu AvBpaKa TTPOEPXOMEVES OTTO
Vv Gpdeuon Twv KaMNEpyeIwv uTToAOyidovTal WG
€€ : 1kg CO2= 0.273 kg C omore 10 205 kg C
avtigToixouv ae 750 kg CO2 /ha/étog

2.9 AvBpwrivn epyacia

Z0pgwva Pe didipopeg avapopég 6Trwg Tou Kitani
(1999),n avBpwivn epyaaia eivar o pdyxbog Twv
epyalouévwv amo TIG YEwPyIkEG dladikaaieg Tou
OleghyovTal, n TIUA TIOU QVTIOTOIXET OTNV BIOXNUIKNA
EVEPYEID KOl yIa TA apoeviKa €xel utohoyioel 1,96
MJ / h kai yia Ta 6nAukd 0,8 MJ / h.

3 ANOTEAEIMATA

Me Baon T1a mapamdvw gToIXEia yia TV
mrapaywyfy 1 kg oTmépou KAAQUTIOKIOU EKTTEUTTOVTAI
3.85 Kg CO2 Ta 10 oT1@dI0 TNV OTOpdG OV
KoAMigpyoUuevn €ktaon  xpelalouaoTe Tepimou 3
KING omopo/ oTpéupa dnAadr (150kg omdpo oTa
5ha) exméumovran 11.55 Kg CO2/aTpépua =115.5 Kg
CO2/ha. "Eto1 ot pia éktaon Twv 5 extapia( 1
oTpéupa = 10ha) o1 ekmoptég Ba eival 577.5 Kg CO2
. Na va BeAtiwooupe TV Tapaywyn kai va éxoupe
amodoan 1000kg omépou apaBdairou avd aTpéupa
kavoupe xpnon Aimaoudtwy. O1 eKTopTIEG amd Tnv
xpAon Twv Aimacpatwy We Bdon Ta gToixeia Tou
Mivaka 7 kal yia 1a 5 extépia Ba iva:
N: 0.7 Kg CO2/ha* 5 ha =3,5Kg COz
P20s: 0.02 Kg CO2 /ha *5 ha =0.1 Kg CO;
K20 : 1.1 Kg CO2 /ha *5 ha = 5.5 Kg CO:




Av yia v amodikeuon Twv 1000kg odpou TTou
mapdyaye o aypdtng xpnoipotolei kTipio 10 m2 ol
KTIDIOKEG ~ ekTTopTéG  Ol0feIdiou  Tou  GvBpaka
avépyovTal oc 590kg CO2.H emhoyrn TOU
kat@AAnhou  @uTopapuakou  efaptdtal  omoé  TO
kaMigpyoupevo  Trpoiov kar T0 Babud  Tou
TrpoBAAuaTOg TTou TTRETEN va avTieTwmioTel. Ta 300
YPAUUAPIO QUTOQPAPUAKOU OVA OTPEUUA PKOUV YIaTi
avApesa OTIC YPOUUES UTTOpoUpE va eméPBOUpE pE
pnxavika okahiotipia. Erar o1 ekmoptég CO2 amod
TNV TTApAYwWYn, TN HETAQOPd, TNV amoBrKeuan Twv
0.3 kg a10 oTPEpPa (dnAadr 15 kg ota 5 ha) Ba eival
18.6 kg CO2/kg * 15 kg =279 kg CO2,

O1 exmropTég diogeidiou Tou dvBpaka yia Ta 5 ha
Trou peAetape Ba eivar 3,750.0 kg COx. o £T0G.

H guppeToxr TG HETAKIVONG TwV uUnXavnudtwy amd
6oa TponynBnkav  OTIC  GUVOMIKEG  EKTTOMTTEG
O10€e1diou Tou Avbpaka yia TV TEPATWON TWV
O1GpopwWY EPYATIWV EVTOC Tou aypol, ue Bdon Tov
Mivaka 5 yia ta 5 ha o1 ekmopmég Ba giva:
246.28 Kg COz/ha * 5 ha =1,231.4 kg CO;

4. TYZHTHZH

OAeg o1 Tmyég GvBpaka eivar duvardyv va
opadomoinBolv 0€ TPWTOYEV, OEUTEPOYEVH KOl
Tpitoyevy  Tnyéc  (Gifford, 1984). Omou ol
TIPWTOYEVEIC TINYEG ekTTouTIWY AvBpaka eival gite
Myw TG KivntAG Aeimoupyieg f oTaBepég  (TT.X.,
opywya avtAnon vepol). Or Oeutepoyeveic TNyég
TepIAapBAvouy  TTOPACKEUR,  OUCKEUATia  Kal
ammoBAKEUan Twv NITTACHATWY/ QUTOPAPHAKWY KAl O
TpITORGOUIES TNYEC  Tou  TepiAauBdvouv  Tnv
atmoKTNON TWV TIPWTWV UAWV KaI TNV KATAOKEUT TOU
etomAiopol Kal Twv KTIpiwv TNG EKUETANEUONG. 2¢€
autd 10 onueio eival opBO va yivel avagopd oTa
dldpopa oucTAPATO  KATEPYOOIag Tou  €BAQOUG
kabwg n  evalayn Toug pmopei va gupBdAel aTnv
peiwan Twv glgpowv. Ta cuoThuara katepyaaiag
eival Ta €¢hg: Meiwpévn karepyacoia (RT) katd auth
N pEBOBO YiveTal PEPIK KaTepyaaia Tou £8AQOUS N
omoia agrvel oto édagog 10 40% TWV QUTIKWY

umoAeippdtwy.  Mn  dpoon  (NT) «katd  autd
Olevepyeital  kareuBeiav n omopd  ue  €10IKéEG
OTIOPTIKEG  MNXQVEG. Eheyxopevn  yewpyia

Kukhogopiag (CTF) 6mwg opiCetar omd Tov Yule
(1998) cival éva ouotnua  kaMNiépyelag  TTou
Bagiletar gg povIga ixvn TwWv TPOXWV UE OTOXO TN
dlayeipion g amoppong. e oUykpion pE TNV
eheyxopevn yewpyia CT, n auvohikf eCoikovounan
evépyelag eival 10% pe tnv RT kai 10 32% pe 10 NT
(Borin et al., 1997).

5. ZIYMMNEPAZIMATA

O1 Aiyérepo evramiké  PéBodor  kaMAigpyeiag
odnyolv OTnv peiwon ™G KaravaAwong Kauaiyou,
autd  emTuyxavetal pe  KaAd  oxedlaopd  Tng
mapaywyis  yia TN peiwon Twv Tagidiwv. e 6Tl
agopd Ta aypotoxnuikG Trpoiovta n BeATiwan Tng
amoteheopankdémrag ™G XPAONG TOug Kal
e¢e0pean evaMakTIKWV AUogwv 0dnyolv oTn peiwon
Twv  ekmopummwy  CO2.Kar@ v Kataokeur, Twv
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YEWPYIKWV pnxavnudtwy o TPAcIvo KIVATAPAS Kal
VOEITOI 0 KIvATAPAG TTOU  KatavaAwvel  Alyotepa
Kauolua, KOTOOKEUR VEWPYIKWY  TPOKTEP  ME
augnuévn xpnon avakukAwpévou xaAupa kai n
OWaOTA OUVTAPNGN TWV QOPTNYWY, TPAKTER, KAl
PUPOUAKOUPEVA  ouPBBAouv OtV deiwaon  Twv
ekmouTTwv. KataAfyovtag @aiveral 611 n diayeipion
TWV YEWPYIKWV EKPETAAMEUTEWY €ival 0 BaaikoTePOS
TTOPAYOVTAG YIO TA TTPOYPAMMATA  PEiwONG Twv
ekmrouTwv  Ologeidiou Tou  GvBpoka . H
avamoteAeopariky - diayeipion  kar n - €MeIwn
EUTTEIPIOG MTTOPED Kal atrodidel ONPAVTIKEG EITPOWV
TToU  guvdéovTal e TNV pUTTavon Twyv udATwy, Tou
0épa Kal YEVIKOTEPA TOU TTEPIBAANOVTOG.
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IXEAIAZMOZ EYPQIAIKOY ZYZTHMATOZ AIAXEIPIZHZ ZYZKEYAZIQN ATPOXHMIKQN - NMIAOTIKH
EGAPMOIH ZTHN EAAAAA

AnunTtpiog MrpiagoiAng, MiATiadng Xiokakng, Xpioto¢ MmpiacouAng
EpyaoTipio Mewpyikwv Kataokeuwy, Mewmovikd MavemoTtiuio ABnvawy, TpRua Aglotroinang Guaikwy Mépwv Kal
MewpyikAg Mnxavikng, lepa 086¢ 75, 11855, ABAva
briassou@aua.gr, hiskm@aua.gr, chribri@aua.gr

H kakodiayeipion Twv amopAfTwy TAACTIKWY GUOKEUATIWY Twv aypoxnuikwv (AMNZA) amoteAel pia amd Tig
Baaikég aitieg pUmavong Tou £8aQoug, Tou aépa Kal Twv uddTivwv Topwv Kkai BEtel ge Kivduvo Ox1 pévo To
mepIBaAAov aAAG kai Tnv ag@dAeia Twv TPoiOVTWY Kai T dnudaia uyeia. MéBodol yia T diaxeipion Twv AMZA
€xouv kabiepwBei ae kdmoleg Eupwaikés xwpeg Ta TeAeuTaia xpovia. Ta epappoloueva diayelpiaTika oxédia yia Ta
AMZA eival 6Jwg acUupaTa v oI guvbrkeg AeiToupyiag Toug kai Ta Kpiipia Ba pmopoloav va BeATiwBolv. Ze
TOAEG AAES Xwpeg To TTPORANUA TG diaxeipiong Twv ATZA dev £xEl QVTINETWTTIOTEL, PE APVNTIKEG GUVETTEIES YId TO
mepiBdAov kai T dnudola uyeia. Avtamokpivouevo o€ autd Ta mpoPAfuata 1o Eupwtaikd Tpdypauua
AgroChePack avémTuée éva kaivotopo, amoteAeouarikd, @INKO TPo¢ To TEPIBAAAOV Kal 0IKOVOUIKA BIwoiuo
Eupwaikd dlaxelpioTiké  glaTnUa  amoBAATWY  TTAAOTIKWY OUCKEUOTIWY  QYPOXNMIKWY HECW  PETAQOPAG
TEXVOYVWOIAG KaI EUTTEIPIAG OTTO Ta UTTAPXOVTA GUGTAKATA Kal aloAdynanG Tou péGw TTIAOTIKWY OKIPWY O€ TIEVTE
Xwpeg. H mapoloa epyaaia mapouaialel Tic Bacikés apxég oxediaauol Tou guaThpatog diayeipiong AMZA mou
avamtOxOnkav aTa TAaigia Tou épyou AgroChePack uéow tou Tpoadiopiouol TTPORANUATWY Kai BUTAEITOUPYIWY
Tou avTigeTwri(ouv 1A UTTAPXOVTa OfpEpa ouaTAuata atnv Eupwtmn, g avamrugng tou olokAnpwyévou
ouaThuatog diayeipiang AMZA, Kal TG TIAOTIKAG EQapHOYAS Tou, kabBwg kai TG aglohdynang kai BeAtigTomoinang
TOU e TNIAOTIKEG DoKIuEG aTnv EAAGDQL

NE€eis kAeidid: aypoxnuIkG, CUCKEUATIEG, ETTIKivOuva amoBAnTa, avakUkAwaon

DESIGN OF A EUROPEAN AGROCHEMICAL PLASTIC PACKAGING WASTE MANAGEMENT SCHEME -
PILOT IMPLEMENTATION IN GREECE

Demetres Briassoulis, Miltiadis Hiskakis, Christos Briassoulis
Laboratory of Farm Structures, Agricultural University of Athens, Department of Natural Resources Management and
Agricultural Engineering, lera Odos 75, 11855, Athens
briassou@aua.gr, hiskm@aua.gr, chribri@aua.gr

Mismanagement of Agrochemicals Plastic Packaging Waste (APPW) constitutes a major environmental problem,
resulting in the pollution of soil, air and water resources and compromising the agricultural products safety, the
protection of the environment and the public health. Systems for the management of APPW have been established in
some European countries and they are operational for several years now. However these schemes are incompatible
while their operational conditions and technical criteria could be improved. In many countries no schemes exist yet
for the management of APPW with serious negative consequences for the environment and public health. In
response to these problems the European project AgroChePack has developed an environmental friendly,
economically viable European APPW management scheme by transferring know-how from existing schemes,
designing a new integrated APPW management scheme and testing it through pilot trials in five countries. This work
presents the basic design principles established by AgroChePack by identifying problems and bottlenecks faced by
existing schemes in Europe, by developing an integrated APPW scheme and by implementing, evaluating and
optimising this scheme through pilot trials in Greece.

Keywords: agrochemicals, packaging, hazardous, waste, recycling

1. INTRODUCTION (APW) categories to optimise use of resources,
Mismanagement of  Agrochemicals  Plastic increase efficiency, and reduce cost. In many
Packaging Waste (APPW) constitutes a major countries (e.g. Greece, ltaly, Cyprus) no schemes
environmental problem, resulting in pollution of soil, exist for the management of APPW with serious
air and water resources and compromising the negative consequences for the environment and
agricultural products safety, the protection of the public health.
environment and public health. Some schemes for This work presents the basic design principles
the management of APPW have been established in established by the AgroChePack  project
a few European countries, as in Germany (Pamira), (AgroChePack) aiming at the environmental friendly
France (Adivalor), Spain (Sigfito). However, these and economically viable APPW management scheme
schemes are incompatible with each other while they in Europe. The five participating Mediterranean
are not combined in a synergic way with the European countries (Greece, Italy, Cyprus, Spain and
management of other Agricultural Plastic Waste France) are among the major European consumers
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of agrochemicals, with large agricultural areas. They
consumed 20.6 kg/ha of agrochemicals in 2003
(Eurostat, 2007) while during the last years this
amount increases steadily. According to Eurostat
(Eurostat, 2007), France, Spain and ltaly are the
major consumers of plant protection product (PPP) in
EU (nearly 75% of the total of 220.000 t of PPP used
in EU-25). As a result a high volume of packaging is
used that should be valorised through recycling or
energy recovery if not recyclable.

AgroChePack (AgroChePack) aimed to develop
an integrated, efficient, environmentally friendly and
economically viable APPW management system in
Europe by transferring know-how from existing
schemes and by promoting synergy with the
LabelAgriWaste (LabelAgriWaste) project (APW).
This new integrated APPW management scheme
was designed piloted in five EU countries.

In this article the design principles of the
AgroChePack APPW management scheme and its
pilot implementation in Greece are presented.

2. THE AGROCHEPACK SCHEME

2.1. Design principles of the AgroChePack APPW

management scheme

The basic design principles established by

AgroChePack (AgroChePack) in terms of safety,

efficiency & cost include:

a. Decontamination: Development of a protocol for
rinsing and decontaminating APPW in order to
characterize them as non-hazardous waste.

b.  Control: Development of a secure mechanism to
assure effectiveness of the rinsing method.

c. Sorting: Sorting and separation of cleaned
APPW to homogenous materials categories.

The AgroChePack system integrates several key
technical procedures developed in support of the
basic design principles as follows:

a) Decontamination of the APPW and control:

- Definiton and application of a reliable,
scientifically justified, decontamination
methodology that ensures meeting the relevant
EU legislation criteria for non-hazardous waste

- Design and implementation of a simple, reliable
traceability scheme

- Establishment of a quality assurance scheme
(guidelines, check points, sampling and testing)

b) Sorting the decontaminated APPW at the
source to homogeneous material piles:

- Identification of recyclability
definition of sorting categories

- Grouping of non-recyclable APPW that comply
with ASF for energy recovery specs

The aim of the design principles is to achieve the
best exploitation of the collected APPW by:

- Enhancement of recycalbility of collected APPW

- Minimisation of non-recyclable APPW

The development of the AgroChePack scheme
followed three steps at regional level:

- Quantified analysis of the APPW generation

- Design of the APPW management logistics and
infrastructure

criteria  and
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- Pilot implementation, evaluation, optimization

2.2. Mapping of APPW generation

To design the scheme for a specific region, it is
important to know the waste generation map
including the temporal-spatial distribution of APPW
generation. AgroChePack starts with the dominant
cultivations for the area. Then, the key parameters
needed to estimate the APPW generation are
quantified: type/dosage of main agrochemicals used
per cultivation, application time, material and size of
package for each agrochemical. The final outcome is
the quantified temporal-spatial APPW generation
(weight and volume per material category per month).

2.3. Design - Decontamination of APPW
2.3.1. Decontamination methodology

In May 2008, the FAO/WHO published
“Guidelines on Management Options for Empty
Pesticide Containers”  (FAO/WHO, 2008)
recommending properly rinsed containers that have
been inspected as non hazardous. In the United
States, the federal Resource Conservation and
Recovery Act (RCRA) of 1976 makes it illegal to
dispose of any pesticide or pesticide-related waste by
burning, dumping, or well injection (EPA, 1976). Any
container with unused pesticide, including residue, is
considered to be hazardous waste which may harm
humans, animals or the environment. However,
properly rinsed containers are not considered
hazardous waste and can go to an approved
recovery/recycling centre or to landfill.

In Europe, threshold concentrations have been
set for the different categories of active ingredient.
The limits depend on the hazardous nature of the
active ingredient concerned. Waste consignments
containing active ingredient concentrations below
these limits are classified as non hazardous. The
concentration of the active ingredient is expressed as
a percentage of the total weight of the waste
consignment. There is a wide range of threshold
limits with the lowest European limit being 0.1% w/w
for ‘Very Toxic' active ingredients (CropLife
International, 2010). The European Waste Catalogue
(EWC) (EPA, 2002) links the classification of certain
hazardous waste categories to the concentrations of
dangerous substances within the waste. The two
lowest threshold EWC limits are (ECPA, 2007):

- “one or more substances classified as very toxic

at a total concentration 20.1%”

- "one or more substances classified as toxic at a

total concentration 23.0%”

A weakness of the existing APPW management
schemes is that in some, the tripled rinsed APPW
are classified as hazardous whereas in others as
non-hazardous (EPA, 2002). The cost for managing
hazardous waste is prohibitable.

According to ECPA (ECPA, 2007), effective
rinsing of packs is achieved either by manual triple
rinsing or mechanical integrated pressure rinsing
(equipment is present in modern pack and sprayer
designs (ECPA, 2005)). The quantity of dangerous



substances that remains in the container, either as
residue after rinsing or migrated into the plastic,
determines the classification of the empty container
based on the EWC limits.

It has been scientifically proven that the triple
rinsing methodology can decontaminate effectively
APPW (CropLife International, 2004, 2010). The
results of another study by ECPA (ECPA, 2007)
indicated that the total amount of active ingredient in
correctly rinsed containers remains well under the
threshold for very toxic substances of 0.1% wiw set
by the EWC. According to CropLife (CropLife
International, 2004), triple rinsing removes more than
99.99% of contaminating residue when applied to
containers made of appropriate material (such as
High Density Polyethylene). A key point in the
success of AgroChePack is to ensure that the APPW
is properly triple rinsed. According to AgroChePack:
Firstly, the triple rinsing procedure must start
immediately after the application of the agrochemical
to avoid solidification of the agrochemical. Secondly,
the person who will apply the rinsing must be
appropriately trained on the methodology of triple
rinsing. Only trained farmers are accepted to the
AgroChePack APPW management scheme.

2.3.2 Quality assurance - Traceability

Qualiy ~ assurance with respect  to
decontamination is ensured in AgroChePack through
sampling and hazardousness analysis of the
collected sample. The proper implementation of
hazardousness analysis requires the development of
the sampling methodology. The scope of the
sampling methodology is to define where and how
and which sample quantity to collect, to assure the
sample represents the APPW pile.

The traceability scheme consists of: The
registration of the farmers who participate to the
AgroChePack scheme and their training, and the
recordkeeping of the data of the triple rinsed
agrochemical packages used, and were accepted to
the scheme. A database of the participating farmers
is generated and appropriate managers assume
responsibility for the recordkeeping. It is expected
that the traceability scheme will eliminate illegal
agrochemicals or mismanagement of agrochemical
packages as the relevant legislation will be enforced.
The traceability scheme will also allow transparency
through quantification of the collected and recycled
APPW, to justify funding of the scheme by the
relevant national recycling agency.

2.4. Design - Sorting of decontaminated APPW
2.4.1 Recyclability of APPW

The aim of the AgroChePack scheme was to
achieve the best exploitation of the collected APPW
by enhacmenet of the percentage and quality of the
decontaminated APPW in terms of recycalbility.
AgroChePack sorts the containers according to their
composition into 2-3 main categories. The sorting
depends on the range of the most common packages
used in the specific region where the scheme is
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applied (e.g. “HDPE” (High Density Polyethylene),
“COEX” (Coextruded), “CAPS” (caps of containers)
and the category “Others”. The last one includes
packaging materials not belonging to the first two
main categories. The majority of APPW materials
collected and decontaminated belongs to categories
HDPE/ COEX.

In cases of packaging of unknown composition
commonly used in a specific region, the safest way is
to conduct an ATR-FTIR on both surfaces of
containers (often a thin interior coating of a different
material than the bulk material is used as barrier) and
identify the main components from these spectra. In
the cases of COEX containers, usually in the form of
PE/EV (polyethylene/ethylene vinyl) and PE/PA
(polyethylene/polyamide), a relatively high proportion
of the secondary component (EV and PA in this case)
in the matrix could compromise the recyclability of the
container. The criteria for the COEX packages that
can be recycled follow the corresponding specs of
the LabelAgriWaste project (LabelAgriWaste,
Briassoulis et al., 2013). If needed, a DSC
(differential scanning calorimetry) analysis of the
container could provide a good estimation of the
recyclability of APWW containers.

2.4.2 Energy recovery criteria concerning APPW

The decontaminated packages that do not fulfil
the criteria for recycling (category “Other’) can be
directed to industry for energy recovery. Industries,
especially cement kilns that have high temperature
kins and have obtained license for using these
plastics as alternative solid fuels can use the
decontaminated APPW that cannot be recycled, as
alternative fuel. The priority of the AgroChePack
scheme is mechanical recycling. Energy reovery is
considered an option only for non-recyclable APPW.

2.5. Design of the scheme’s infrastructure

The implementation of the APPW management
scheme is based on the particularities of the region.
In cases of small farms with use of small capacity
sprayers, the farmers are obliged to apply the triple
rinsing by their own at the farm without any
supervision and deliver the triple rinsed containers to
the managers at designated collection stations. The
managers are responsible for bringing the collected
clean APPW to a regional central collection station.
The whole chain is controlled through the established
traceability system. In other cases, farmers use large
capacity sprayers mounted on large size tractors
destined for fields of arable crops. In each
geographical region, the AgroChePack design of the
infrastraucture is based on the temporal and spatial
distribution of the APPW generated in the region.

2.6. Pilot implementation of the APPW scheme

In the framework of AgroChePack, alternative
pilot schemes of the system that meet regional
particularities were designed. The pilot schemes
were tested in five countries (AgroChePack). In
Greece, the AgroChePack scheme was pilot



implemented in the arable land of the municipality of
Visaltia (AgroChePack).
3. AGROCHEPACK PILOT TRIALS IN GREECE
3.1. Mapping and analysis of APPW generation

A major difficulty encountered during the mapping
of the APPW in the case of Visaltia was the lack of
official and reliable statistic data. The needed
information was obtained through interviews and
information provided by local agronomists or retailers.
The data collected were cross checked to provide a
good quantitative estimate of the current situation.

Temporal - spatial quantities distribution of APPW
were calculated per agrochemical type and
agrochemical package material expressed in terms of
containers volume and weight to be disposed at
specific time (month) and specific location. Figure
presents an example of the temporal - spatial
distribution of the generated APPW materials in the
case of the Municipal Department of Flabouro.

Temporal Distribution of agrochemical packages in the
Municipal Department Of Flabouro
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Figure 1: Temporal distribution of APPW volume
generation in the municipal department of Flabouro

3.2. Design of the pilot AgroChePack scheme’s
infrastructure in Greece

In the case of the municipality of Visaltia, the
majority of the farmers use large capacity sprayers
mounted on large size tractors. They fill their
sprayers with the agrochemicals in specific water
supply points constructed for that purpose. Based on
the mapping and quantified analysis of APPW
generation in the region, two water supply points (in
the municipal departments of Flabouro and Patrikio)
were selected to serve for the decontamination and
temporal storage of the empty packages and the first
level quality control and traceability of the system.
The selected water supply points were transformed
into AgroChePack pilot local collection stations of the
municipality of Visaltia (Figure ). The local stations
were designed and constructed to facilitate
movements of large tractors with sprayers and
improve the ergonomy of the infrastructure of the
water supply for triple rinsing and they are fenced.
The AgroChePack local collection stations include a
small protected storage facility specially designed for
the sorting, recording and the temporal storage of the
collected APPW. The pilot stations were in operation
for eight months for data collection, monitoring and
optimisation of the system. A central APPW
consolidation station was designed and constructed
at the location of the consolidation station of the
recyclable municipal waste (Figure 2).
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3.3.Sorting, Labelling & Storage

According to the proposed APPW management
scheme the package material was the key element
used to sort the collected decontaminated APPW into
four categories. The bags of the fertilizers formed a
separate homogeneous pile. The collected APPW of
each material category were placed in labelled
designated plastic bags inside the storage area of the
local collection stations. Information about the period
of APPW collection, the code of the station and the
material category of APPW was recorded on each
bag for traceability purposes. These data were also
kept in the files of the station.

Figure 2: The AgroChePack pilot local collection

station of Patrikio and the central consolidation
station (Mun. of Visaltia)

3.4.0perational protocol of the stations
Systematic dissemination and training is required
for the correct operation of the stations. The local
collection stations collect agrochemical containers
that are ftriple rinsed on site and containers
decontaminated by the registered - trained farmers
on their own responsibility. The decontaminated
containers are placed in designated bags according
to their composition under the guidelines of the
supervisor. The supervisor provides the farmer with a
certificate of compliance. When the volume of the
stored decontaminated agrochemical packages in the
local collection station reaches a predefined level,
they are transported to the central consolidation
station where they are recorded and stored, once
again sorted in the four homogenous categories.
From the central consolidation station the APPW are
delivered to the final disposers for recycling (*HDPE”,
“COEX”, "CAP") or for energy recovery (“Other’),
when the collected APPW reaches a certain quantity.

3.5.Decontamination of the collected APPW
The efficiency of APPW decontamination through
the pilot trials was evaluated by implementing



alternative sampling and analysis methodologies. Lab
tests were conducted independently by the
AgroChePack teams of the University of Lleida and
the Agricultural University of Athens, in collaboration
with Benaki Phytopathological Institute (BPI), to verify
the reliability of the triple rinsing methodology appied
through the pilot trials. The results of the tests
confirm that the triple rinsing method is easy to apply
by trained farmers (under supervision) and that when
applied correctly it meets the relevant thresholds set
by the European Waste Catalogue.

The existing analysis methodologies of
decontaminated APPW to characterise them as non-
hazardous waste according to the EU hazardous
waste provisions were also evaluated. The inter-
laboratory tests aimed at the scientific verification of
characterizing appropriately triple-rinsed APPW as
non-hazardous waste, according to EWC provisions.

3.6.Sampling methodology

In the absence of pilot data and based on the
scarce literature data a sampling methodology was
established based on the analysis of the samples
collected at the pilot stations. It consists of the
sampling of APPW stored at the consolidation
station: all plastic bags to be inspected visually for
contamination; the ones with possible contaminated
products to be opened and sample from it the ones
that appear to be the most contaminated; a minimum
of 3 containers to be taken from bags coming from
each local station and sent for analysis.

At least one out of five bags arriving at the
consolidation station, are to be rolled and visually
inspected to contain homogeneous material.

3.7.Hazardousness laboratory analyses of APPW

Experimental laboratory hazardousness analysis
was conducted at the facilities of BPI to define the
details of the triple rinsing procedure that will
effectively decontaminate any container and
agrochemical substance and test the analytical
laboratory methods used to detect accurately the
hazardousness of the triple rinsed container.

The most difficult to rinse agrochemicals were
chosen from the list of the most commonly used ones
in the area of interest (Visaltia) in order to assure the
efficiency and universality of the procedure. For this
reason viscous components and solid dispersions in
oils (OD) and solid suspensions (SC) as well as solid
powders were selected (Briassoulis et al., 2012). The
triple rinsing procedure was tested by rinsing the
emptied container three times with water using the
protocol established by AgroChePack. The analysis
of the empty containers, done by BPI in collaboration
with AUA, proved that the detected active ingredient
remains are several orders of magnitude bellow the
hazardousness threshold limits defined by EEEC
regulations. The remains in all cases were found to
be even below the strictest threshold of 0.1% wiw,
applicable to very toxic agrochemicals. Possible
absorption of agrochemicals in the plastic matrix of
the container was also investigated to ensure that
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such a possibility —cannot influence the
hazardousness analysis results. This was
investigated by scraping the interior surface of the
containers already rinsed by the solvent. The
scrapings were rinsed with solvent to detect and
quantify the presence of active ingredients. The
analysis of the scrapings confirmed that in all cases
the quantities absorbed by the most affected thin
internal layer of the plastic matrix remain below the
strictest threshold of 0.1% w/w applicable to very
toxic agrochemicals. When these quantities are
normalised to the total APPW quantity the absorption
effect of the remains appears to be insignificant.
During the pilot trials, at the consolidation station,
twenty of the most visually contaminated containers
were sampled in duplicate. Emphasis was put on
sampling also the most toxic products (lower
threshold limit 0.1 % w/w). From each pair, one of the
containers was sent for analysis to the University of
Lleida while the other was analysed by BPI. BPI
analysed the interior surface of the bottle and after
scrapping, the interior surface scrapings for absorbed
active ingredient remains. At University of Lleida they
analysed the interior surface remains and then they
pulverised the entire container and extracted any
remains absorbed by the plastic. The remains in all
containers were analysed by the University of Lleida
(20 containers with 22 different substances) below
the threshold limit. Table 1 presents the results of the
first 14 containers analysed by BPI (the analysis of
the remaining containers is in progress). The most
contaminated container was found to be a specific
container with propargite at 0.64% wiw (threshold
limit for this agrochemical is 1.0% w/w; Table 1). The
remains in another container with the same
substance propargite were found at 0.01%. The
traceability system revealed that the first one was
tripled rinsed outside the pilot station and no ID
number was found on the container. A second
contaminated container with the substance
Fluometuron at 1.51% wiw (threshold limit for this
agrochemical is 10% w/w). Even though no container

was found with remains exceeding the
hazardousness threshold limits, these two cases
suggest that:

1. Containers rinsed without supervision should at
least be inspected by the supervisor before been
accepted to the system

2. Containers without farmers’ traceability code on
them should be rejected; if identified, the farmer
should be issued a strong warning.

4.CONCLUSIONS

The design principles of an optimized integrated
waste management system (AgroChePack) for the
APPW chain in Europe are presented. The APPW
management system, covering all the steps after the
usage of the agrochemical until the final receiver,
aims to channel the majority of the decontaminated
APPW to recycling and the non-recyclable to industry



for energy recovery as alternative solid fuel. The pilot
implementation of the AgroChePack system in
Greece has been used to investigate the
performance of the APPW management protocols,
including decontamination and traceability. The
hazardousness analysis of the triple rinsed
containers collected from the pilot trials confirmed the
laboratory experiments results suggesting that the
appropriate application of the triple rinsed technique
of the containers by trained farmers, ensures their
decontamination and their characterisation as non-
hazardous waste according to the EWC provisions.

Table 1: Hazardousness analysis results of containers
sampled from the pilot trials

Remaining (e R-phrases
(EWC, 2002) /
Hazardous Waste Threshold

Limits

Commercial Name

[Formulation Active Ingredient | rinse d APPW. :
(% wiw APPW) (% wiw
scrapings)

0.0010

o wiw)
Sulcotrek SC 32.7% plo R43, R63, R50/53, N, Xn
Sulcotrione 17.3% Blo 1%

Pendimethalin 45.5% Blo

0.0366

Stomp aqua CS 0.0049

)
R50/53, N
0.0450 2500

Jaguar 5 EC RI0, R20/21, R36/38, RO3,
R51/53, R41, R22, R37,
R50/53, Xn, N (25%)
R23, R38, R40, R41, RS0,

0.0320 R53 Xn, N
(1%
R10, R20, R21, R25,
R36/37/38, ROL, RO,
RO11/13/15 Xn, Xi

Quizalofop-p-ethyl 5%
plo

0.0014 0.0010

Propargite Farma
Chem 57 EC

Propargite 57%g/0
0.6407

Oligor 40 EC Dimethoate 40% Blo

0.0057 0.0057

Assist 10 EC Cypermethrin 10% Blo R22, R38, Ra1, R67, RES,
R50/53 N, Xn
(10%)

0.0005 R20, R22, R36/37, R40,
8% Blo 0.0003 R50/53 N, Xn (1%
Terbuthylazine 50% Blo 00156 00019 R22, R50/53, Xn, N

0.0200 0.0144

Record 8/8 EC phenmedipham 8% f/o

Dorian 50 SC

%)
R20/22, R37/38, R40, R43,
R48/22, RO3, R50/53, Xn, N

Harness 84 EC ‘acetochior 84% Blo

0.0034 0.0224

Cottonex 50 SC fluometuron 50% v 15003

%
R22, R50/53, N
0.0008 (5%

Lufenuron Farma
Chem 5 EC

lufenuron 5% Blo R10, R20, R41, R43, R65,

0.0066 0.0033 RO3, R50/53, Xn

Nicogan 4 SC nicosulfuron 4% plo

0.0054

R38, R50/53, Xi, N
0.0021 (0%

Bauman 57 EC propargite 57% flo T,R10, R21, R23, R38, R40,
RA1, Xn, Xi (1%)
R10, R22, R36/37/38, R65,
R67, R50/53, Xn, N

(20%

0.0240 0.0056

Cyperkill 10 EC cypermethrin 10% Blo

0.0115 0.0161
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TO NEPIBAAAONTIKO ANOTYMQMA MIAZ ANTAIAZ OEPMOTHTAZ

A. AvaoTaciou kai Fp. Aapmpivag
EpyaoTipio Mewpyikig Mnxavohoyiag, Tuua Aglotroinang Quaikwv Mopwv & Mewpyikig Mnxavikig
lewovikd MavemoTApio ABnvwy, lepd Od6s 75,T.K. 11855 Email: refrigenergy@aua.gr

2TV €pyagia auth emixeIpeital pia TTPooTaBeIa TTOGOTIKOTIOINONG Kal oUyKpIong Tou TEPIBAAAOVTIKOU
QTTOTUTIWHATOG pIag avTAiag BepuoTntag (AG) kUkAou ouuTrieang aTHWY aépa-agpa , TepIypdQovTag £101 TOV AUETO
aMAG kai Tov Eupeao TpdTTo GUPPOAAS TG aTnv evioxuan Tou Qaivopévou Tou OeppoknTTiou, avaldywg Tou ekdoToTe
epyalduevou peuaTol  TTOU QUTH Xpnaoluotrolei katd Ta atddia Aeiroupyiag (xphong) & mapomAiopou ng. H
OUYKEKPIPEVN AD xpnaoiuoTIoigiTal yia Tnv KAAuwn Twv avaykwv oe BEppavon kai dpooioud o€ éva xoipoaTdalio-
avagopd Biopnxavikol TOTIOU e OUYKEKPIPEVA XOPAKTNPIOTIKA O€ TPEIG OIAPOPETIKEG, GOV aPopd Ta KAIHATIKG
dedopéva, meploxEg Tng EAMGdag (PAwpiva, XaAkida & lepamerpa). Ooov agopd Ta YUKTIKA PEUCTA, Ta OTTOia OTNV
ouaia amoteholv TIG TEXVOAOyieg oUyKpIong, auTd emIAEXBNKav €101 WOTE va ekTTpoowEiTal OXEdOV KABE Katnyopia
ouvBeTikwv  ahoyovavBpdkwv (R12, R22, R134a, R410A, R1234yf), evw 10 QUOIKA WUKTIKA PEUOTA
ekmrpoowtolvTal amd Ty appwvia (R717). Ta amoteAéapara édeigav 611 yia Ta R1234yf & R134a o1 guvteheaTég
Beppikng aupTepipopag (COPe) kupaivovtal amé 1.7 (PAwpiva) £wg 3.2 (lepdmeTpa), eviy 01 CUVTEAETTEG WUKTIKAG
ouptepipopds (COPy) am6 5.1 (lepametpa) €wg 5.8 (PAwpiva). Z1o Bépa diaaTaaioAdynong Tng povadag (péyebog
ouuTmeoTn), kaAuTepn emidoyn yia N GAwpiva kar T XaAkida amotehei 1o R1234yf akohouBoUpevo ammé 1o R134a,
evw otV lepdmerpa aupBaivel 1o avtiaTpo@o. Téog, 6aov agopd Ty etAaia TiuAR Tou TEWI (TEWIa), To R1234yf
aroteAei Tnv KaAUTeEPN eTAoyR, akoAouBoupevo amd 1o R134a.

Né€eic kAe1d1d: Gueao, EUpeTo, WUKTIKO peuaTo, BEpuavan, dpoaiauds, XolipoaTdalo, KAiua, amédoan
THE ENVIRONMENTAL FOOTPRINT OF A HEAT PUMP

D. Anastasiou and Gr. Lambrinos
Laboratory of Agricultural Engineering, Department of Natural Resources Management & Agricultural Engineering,
Agricultural University of Athens, 75 lera Odos Street, GR-11855, Athens, Greece Email: refrigenergy@aua.gr

In this study is an attempt to quantify and compare the environmental footprint of an ‘air-to-air' (& ‘air-to-water’
exclusively for ammonia) vapor compression cycle heat pump (HP), the measure of which is expressed by the
environmental index TEWI, describing the direct and indirect contributing to Global Warming, depending on each
individual working fluid (refrigerant) in ‘use phase’ & decommissioning throughout heat pump’s life cycle. The
analysed HP operates in (for heating/cooling) an industrial type standard swine farm of specific characteristics. The
examined swine farm is considered to be located in three Greek regions corresponding to different climatic zones
which are Florina, Chalkida and lerapetra. Regarding refrigerants, which are essentially the technologies
comparison, were chosen so as to be represented nearly every class of synthetic refrigerants (halocarbons) (R12,
R22, R134a, R410A, R1234yf), while natural refrigerants are represented by ammonia (R717). From the conducted
analysis was found that for refrigerants R1234yf & R134a the coefficients of heating performance (COPH) rank from
1.7 (Florina) up to 3.2 (lerapetra), while coefficients of cooling performance (COPc) rank from 5.1 (lerapetra) up to
5.8 (Florina). On the issue of dimensioning unit (compressor’s size), R1234yf is the best choice for Florina and
Halkida followed by R134a, while in lerapetra vice versa. Finally, about the annual value of TEWI (TEWIa), R1234yf
is the best choice followed by R134a.

Key words: direct, indirect, refrigerant, heating, cooling, swine farm, climate, efficiency

1. EIZArQrd evépyelag, n omoia BonBda 1600 0T diaTAPNAN TOU
O1 avBpwoyeveic dpaaTnPIGTNTEG, LE KUPIAPXES opuktoU TAOUTOU 600 KkaI 0T PEiwon  Twv
ekeiveg TIg Blepyaaieg ou AapBdavouv wpa yia Ty TEPIBAAOVTIKWY ETTITITWOEWY TTOU AVAKUTITOUV KATA
Trapaywyn (NAEKTPIKAG Kupiwg) evépyelag YEow g M XpAon GuuBaTIKWY TEATIWV yia TNV TIapaywyn
kaUONG  OPUKTWV  KAUGIUWV  TTPOKEIUEVOU O MG, OMGA Kkal n TAUTOXPOVN  HEiwon  Twv
avBpwTtog va KaAUYEl TIG avaykeg Tou, Kabwg Kai n TEQIBAAOVTIKWY ETTITITWOEWY TOU dnuioupyouvTal
xprion ouaiwv 6mwgs oi CFCs kai or HCFCs, éxouv omo TNV KaTavaAwon QuTAS NG EVEPYEIOS COTIC
WG amotéAeopa T000 TNV €EAVTANGN TWV OPUKTWY B1GQOPES UNXOVOAOYIKEG EQAPHOYEG, Xwpic autd va
mopwv 600 kal T pUTavon TG argéogaipag. H €TmMPeadel Tnv amodoot TouG.
aTHOCQAIPIKA pUTTAVON GUVOdEUETal Kal OTO TNV Mo ouykekpipéva, aTov TopEa TNG BEpuavang kal
EuQavion WeyaAwv TepIBAAAOVTIKWVY TTPORANUATWY, TOU OpoCIoUOU  KAEIOTWY  XWpwv, 1N avtAia
dUo €K Twv otoiwv eival n TpUma Tou Ofovtog Kai n Bepudtnrag (AO) pe oOuuTrieDn aATUWY  WUKTIKOD
evioxuan Tou Gaivopévou Tou GegppoknTTiou. peuaTou, Tou ammoTeAel To TTAéovV XPNOIPOTIOI0UUEVO
Autd mou Tpémel AoImOv va  evOIOQEpPEl TNV €idog avthiag Bepupdmrag, yia va Acitoupynoel
avBpwmdtnta  dev  eivar pévo n  e€oikovounan KOTOVOAMWVEL NAEKTPIKY EVEPVYEID, VW Eival AKPWS

[337]


mailto:refrigenergy@aua.gr

aVTayWVIOTIKY  0¢  Oxéan pe Ta  gupPatikd
ouaTAUATA TTOU €x0UV TNV D10 aKPIBWS aTTOOTOAN
KOl KATAVOAWYOUV KI QUTA NAEKTPIKY EVEPYEID, APOU
pmopei va efoikovounBei Touhdyiatov 10 50% NG
evépyelag yia Béppavon (COPO = 2) kai 10 75% g
evépyelag yia dpoaiopé (COPY = 4) mou autd Ba
amaiTouaay, TPOKEINEVOU VA KAAUWouv TIG iBIEG
avaykes (Mamayewpyiou, 2010; Mamayewpyiou Kal
Aaptpiveg,  2011a) Amé T oTiypR  Tou
xpnoipotololvtal atnv A@ w¢ epyaldueva peuaTd
oucgie¢ 6mw¢ o1 HFCs Tou avAkouv OTa
avBpwTttoyevr) aépla  Tou  BepupoknTTiou,  AUTH
OUPBaAMel Ox1 pévo €éuueca (yeyovdg ToU TO
TpartTouv 6Aa T guoTAATA, GUUBATIKA f) Wn, TToU
KaTavoAwvouv NAEKTPIKA evépyela) aAAd kai Gueoa
otnv evioxuan Tou Qaivouévou Tou OeppoknTiou.
Emopévwg, 10 TrEpIBaAAOvVTIKG TnG amoTiTwya Ba
ekppaletal péow tou deiktn “Zuvolikig loodivapung
Emidpaong oty Maykéopia Oéppavon” ZIEMNO
(Total Equivalent Warming Impact, TEWI), am6 Tov
utroAoyIopd Tou oTroiou EUKOAa yiveTal avTIAnTTé OTi
70 TEPIBAAAOVTIKG QTIOTUTIWHA KAl TO €EVEPYEIOKD
amoTUTwpa axeTiCoval YeTagl Toug, e To TTPWTO va
etaptaral amd 10 deUtepo  (AvaoTagiou  Kal
Naumpivég,  2013).  ZApepa, o1 oucieg  TOU
TTpOTEIVOVTAI yIa XPAON WG WUKTIKA PEUOTA O€
ougThUaTa  OTWG Ol avTtAieg BeppdmTag, o
OUVTPITITIKA Toug TAeloyn@ia dev eival emBAaBeic
yia 10 6{ov (ODP = 0). Zg autég oupmepiAapBavovTal
ol HFCs, kaBwg kal QuaIKA WUKTIKG pEUTTA GTTWG Ol
HCs, n appwvia (NHs), k.A.

ZKOTOG TG Tapouoag epyaciac eival o
utrohoyiouds kar n olykpion Tou TepIBarhovTikol
armotuttwparog (TEWI) wiag avihiag Beppétntag
KUKAOU oupTieong O€ HIa KTVOTPOQIKA Hovada
(xo1p0o0Ta0I0), TAVTO PEOW TNG EVOEIKVUOUEVNG
peBodoAoyiag, TNG XpPHONG TWV aTapaiTNTWY UAIKWY
Kal TNG uI0BETNONG TWV TTPOPBAETTOUEVWY TTAPAdOX WY,

wote  va  efaxBolv  oupmepdopara  yia TV
KOTOMNAGTEPN  TEXVOAOYIKA  €TIAOYA  WUKTIKOU
peuaTol, amd  KAIUOTOAOYIKAG, EVEPYEIOKAG KAl

TEPIBANNOVTIKAG ATTOYEWS.

2. YNIKA KAl MEOOAOI
2.1. Yhiké
2.1.1. To xo1poaTaoio

To xoipoaTaaio-avagopd yia TNV £QApUOYR TN
AO, 6TTwG autd avagépeTal kal avaAueTal amd Toug
Mamayewpyiou & Aaumpivé (Mamayewpyiou, 2010;
Mamayewpyiou & Aautpivag, 2011a; Mamayewpyiou
& Aoaumpiveg,  2011B)  eivar  peyéBoug 350
xolpountépwy kai Trapaywyns 5,000 xoipidiwv o
avamruéng €maoiwg, g€ TPEIS JIOQPOPETIKES, OGOV
agopd 1o KMipaTikG  Oedopéva, TEPIOKEG TG
EMaAdag. O @épwv opyaviopds Tou  KThpiou
armoteAeital amd 01dNPOBOKOUG, EVW OI TOIXOTTONEG
amoé maveh ohuoupeBavng. Ta TeAeuTaia amoteAoly
pia eaupeTik@ amoteAeaparikr) Auon amd TAEupdg
kOOTOUG, XPOVOU KOTAOKEUAG, EUKoAiag KaBapiauou
Kal, Kupiwg, Beppopdvwaong. O pubudg Trapaywynhg
egival 100 xoipidia avd epdopdda. H didragn twv
Xwpwv atéyaang (Eikéva 1) Twv avammuogouevwy
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XoIp10iwv epiAapBdver 5 Barduoug, pe duvatdtnTa
otéyaong 100 xoipidiwv ava BaAauo. ZToug
BaAapoug UTTAPXEI oTadiakn evalayn
Beppokpaaoiag, fekivwvrag amd Toug 30°C, 6tav
glgayovtal Ta Yolpidia, kai Karefaivoviag avd 2°C
v efdouada péxpr Toug 22°C, étav ta xoipidia
e&épyovtal yia va odnynbolv ota emdueva aTadia
TTaxuvong. e 01l agopd T OXETIKA uypaaia, auTh
puBpieTal waoTe va KIveiTal oe pia éon TiuR g
Ta¢EWG T0U 55%.

Ta ooptia Béppavong (uéyioTeg TOOOTNTES
BeppoTnTag Tou TIpEMEl va TpoapepBolv  aTOUG
Baapoug) kabwg kai Ta QopTia dPOCITHOU (UEYIOTEG
To00TNTEG BepUOTNTAG TTIOU TTPETTEI VO apaipeBolv
amd Toug BaAdpoug) yia kGBe TEpIOXA Kal yia TN
duopevéaTepn  TIEPITITWON  TTapouaiddovial otV
Ekéva 2. Amd autd, eUkoha aTn Ouvéxela
utroAoyiCovTal n BeppIKA/WUKTIKA 10%0G TG AB.

oy LOWI“K

}V KeNi xoipiitay

}_ NidBpopog

SoRReye. ‘
EASTY

Eikéva 1. Aiappubuion kmpiou o’ avamruéng (Mnyn:

Mamayewpyiou, 2010).
8452595

lep derpa

100.000,00 4

70.367,
= 64.861,78 s
2 50.000,00
000 -+ T

Drhapwa

Xakida

B Méyton Loxig pugng (W)
Eikéva 2. ZuvoAikd gopria Bépuavong/dpoaioliol
(wuéng) tou kmpiou yia kdbs mepioxn  (MnyA:
Mamayewpyiou kar Aaumpivég, 2011a)

2.1.2. KAhipatohoyiké Oedopéva kai ouvOnkeg
mepIBdAAovTOg

O1 Bepuokpaaieg €€ mepIBAMOVTOG Eival QUTEG TTOU
diver n Texvikf Odnyia TexvikoU EmipeAnTnpiou
EMadag (TOTEE, 2010), evw auTég TOU EGWT.
mepIBaAlovTog (pikpoTrEPIBAMOV) Eival auTég TTOU
Tpoo®épouv Bepuikh dvean oTa veapd xolpidia.

B Méyiomn woxug Béppavong (W)

H A® avikel atnv katyopia aépa-aépa (A-A),
EVW yIa TNV appwvia Bewpeitar AO aépa-vepou (A-
N), agoU o eowtEPIKOG EVOANGKTNG aTTOppo®d A
omodidel BepudTNTa PEOW KUKAWMATOS EUPEDNS
Woeng (vepd), Mdyw g TofikdTNTaG TTOU EPPAVilEl TO



WUKTIKO autd peuatd. Otav 10 WECO HETAQPOPAG
BeppoTnTag cival o aépag, To1E Bewpeital 6T yia va
yivel amoteAeouanikd n petagopd Ba TpEmEl va
umtdipxel pia Bepuokpaatakn diagopd Tepimou 10°C
peTatl peuaTol kal pPéoou (aépa) aTov eVAANGKTN,
evw otav eivar uypd (vepd), auty Ba mpémel va
Kupaiveral yopw atoug 7°C. Apa, n Bepuokpaaiakn
dlagopd PeTagl Tou eowtepIkoU TIEPIBAANOVTOG Kall
etarpioT i oupmrukvwtr, avaloya ue Ty emoxn, Ba
@tavel Toug 17°C TiepiTou OtV TEPITITWON NG
aupwviag (R717).

2.1.3. WUKTIKG pEUOTA

Oagov agopd Ta YUKTIKA peuaTa, Ta oTroia 0TV
ouaia amoteAolv TG TEXVOAOyie aUyKpIong, autd
€xouv eTmiAeyei KaTGAANAG WOTE va EKTTPOCWTTEITAI
kG6e karnyopia guvBeTIkwv aAoyovavBpakwy Kai Ta
QUOIKA WUKTIKA PEUCTA TTOU XPNCIWOTTOIOUVTal OTIG
povadeg kAipatiopou, eidika aTig AO. ETal, ol CFCs
ekmrpoowtrolvTal amd 1o R12, o1 HCFCs a6 10
R22, o1 kopeopévol HFCs amd ta R134a kai R410A,
o1 akopeaTol HFCs (HFOs) amé 1o R1234yf, evw 10
QUOIKA WUKTIKG peuoTd (Epyabueva peuaTa
oTaBepPIG KATAOTAONG) EKTTPOCWTTOUVTaI AT TV
aupwvia (R717). Tia 1ig povadeg kAiyariopou, 1o
R410A amoteAei arjuepa T0 KUPIAPXO WUKTIKO
peuaTd, wg avtikaraoTaTng tou R22 (UNEP, 2012a),
evw 10 R1234yf Bpioketar aTo TeAIKG 0TASIO
OOKIpWY, TTPOTOU KOTOOTE! KI AUTS EUTTOPIKA
dia6éaipo (UNEP, 2012b). Oa mpémel va avagepBei
6t 10 R12 éxel katapynBei, evw 10 R22 éxer uel,
Baoel dieBvwv ouvBnkwy, o€ KABEaTWS aTABIOKAS
KaTapynong Kai xpnaiyotoigitar (émou autd Aéov
emTpéTTETAN) POVO O€ RO UTTAPXOUOES
eykaraoTaoeig (Avwvupog, 2013a). ' autd 1o Adyo
otnv apouca diatpifr egetdovTal yia Adyoug
ouykpiong. Mapdia autd, gUpWva LE VEEG
mAnpogopieg (UNEP, 2012a), 1o 2012 10 75% (xatd
TTpoatyyion) Tou TANBuopoU povadwy KAIPaTIoUoU
XpnolyoTrolouae akdpn 1o R22, ue v maykoéouia
¢Atnon yia HFCs va avTimpooweleTal e éva
000076 TG TagNG Tou 20% o€ axEan pe T
ouvoAiki ¢Atnon. Emiong, Ta umoAoima utd e&éTaon
WUKTIKG peuaTd TpoopifovTal OTTOKAEIOTIKA KaI HOVO
yia véeg eykaraotaoelg (UNEP, 2012b).

2.1.4. Noyiopiké HIY

MNa mv exmoévnon g mapoloag epyaaiag
xpnoigomoiRdnkav 1 AoyioUIKG/UTTOAOYICTIKA
mrakéra MS Excel 2003, CoolPack ver. 1.5 ( 2012) kai
REFPROP ver. 9.0 (2010).
2.1.5. AvaAurtikoi mepiBaAlovTikoi utroAoyiopoi

MNa v Tepimwaon Mg aviAiag BepudtnTag mou
pehetdral, o oeiktng TEWI eival n karaAAnAdtepn
€mAoyR yia Tov utroAoyIop6 Tou TepIBAAAOVTIKOU TNG
amotutwparog. Ki autd 81611 Ta dpia Tou TTPOG
MEAETN OUCTAWOTOG KaAUTITOVTOI TIAfPWS amd TIG
emOpAoEIC TTOU QUTOG €CETAEl QVTATIOKPIVOLEVOG
oT0  avTikeipevo  Olepelvnong TG Trapolaoag
epyaciag. Xmv Eikéva 3 ameikoviovral Ta 6pia Tou
ouoThuatog péoa ota omoia dpa o deiktng TEWL.
‘Ero1, kard 1o 010610 TG XPAONG OTO X01pOOTAGI0, N
éupean ouppoAn (kiTpiva TrAaigia) TpoEpxeTal aTmd
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TG ekmmoptég CO2 Tou TpokARBnkav kar@ Tnv
Trapaywyn NG nAekTp. evépyeiag (TepihauBdavovrag
Kal autég kar@ v mlavh efaywyn-emeepyaaio-
HETAQOPA TwV TIPWTWY UAWV) Kal Ol OT0iEg
ek@pdadovial amd TO OUVTEAEDTH) EKTTOPTIWV. XN
OUVEXEID 1N evépyeEld  aut  KatavaAwveral,
OTTOPPOPOULEVN aTId TO GUUTTIERTA TG AG, KaTd TO
XPovikO O1doTnua Tou auth Acitoupyei. Ao Tnv
GMn TAEUpd, n aueon ouppoAn (kOkkiva TTAaioia)
TTPOEPXETAI ATTd TIG DIOPPOEG WUKTIKOU PEUCTOU KOTA
n didpkeia mou n AO BpioKeTal 0TO X0IPOOTATIO KAl
XpnaoipoTolgital, kabwg Kal TIG amwAEIES KaTd To
T€Aog TG Xpnoiung - didpkelag  Gwng g
(mapotrAioudg), 6Tou TO WUKTIKG PeuaTO €EayeTal
amé auth (avakTnon), TTPOKEIUEVOU va agaipebei n
AO amd 10 X0Ip0OTACIO. ATIO TN GTIYUA TTOU QUTA
gival n idla Kol ylo TIG TPEIC TIEPIOXEG, Ol
oTroIEaONTIOTE €I00UC EUUECEG EKTTOUTTEG KOTA TNV
KOTOOKEUR TNG, TN METAQoPd NG, TNV eykardoTtaon
NG OTO X0IPOCTATIO KAl TNV OTOPAKPUVAT TG a6
QuTé, €KTOG 6 TO OTI €ival TIOAU WIKPEG OE OXETT HE
autéG Katd Tn xpnon, eival axkpifwg ol iGIEg.
AvtioTolxa, 660V aQopd Ta WUKTIKA PEUOTE, Ta idla
IOXYUOUV KaI yia TIC OTOIEGOATIOTE AUECES KAl
¢UETES EKTTOUTTEG TTEPA aTTO QUTEG TTOU €EETACEI O
deiktng TEWI. Eidika yia TIG S10QOPEG TwV EKTTOUTIWV
TIOPOOKEUNG METACO OIOPOPETIKWY PEUCTWV QUTEG
gival apkeTd UIKPEG, yeyovog Tou TIC wBel va
BewpnBolv opeAnTéeg, amd TN OTIYUA TOU Ol
EKTTOUTIEG TWV PEUCTWV Eival TTAPA TTOAU PIKPEG KATA
TV TIAPACKEU TOUG, Of OXEQN ME QUTEG TIOU
mapayovial - 6TV QUTA  Xpnolyotoiolvial
QvaKTWvTal amd Tov €CoTTAIoNd péca OTov OTT0I0
mepigxovral (AG) (IPCC/TEAP, 2005).

XpRnon T£Aog diapkeiag wng

A
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- -~

’ Efaywyn, >
' emeiepyacia, A}

peTapopic 1
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1 I
1 1
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i xaucipou/ H
‘ A. evepy. 4
] 1
1 1
1 1
1 Xpion 1 lawoppr

—_ —_— . pEu PPIWYn
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Opi1a cuoTnuarog TEWI

Eikéva 3. Or mepifarovrikéc emidpdaeic e AO mou
e€erd e o Oeiktng TEWI (Minyn : SEPEMO, 2011)

01 eQiowoeig umohoyiauol Tou deikm TEWI yia
v AG (ouvoAika Kai eTho1a) Exouv wg &g (Fischer
etal., 1991; IPCC/TEAP, 2005):

TEWI=DE +|E=(OR + DR) + (IEx + |[Ee) =
TEWI = [(mr GWPR Otr t) + (mr GWPR DL)] + [(tix tx

EFtW o) + (o o EF t W o)) =

TEWI = [(mz GWPR OLr t) + (M= GWPR D)] + [(tix tax
EF t Qo / COPged) + (tio toe EF tQy / COPyreal)]
(kgCO) (1)



TEWIa = DEa + IEA = (ORA + DRa) + (IEax * [Eag) =
[ORa + (DR/)] + [IEax + |[Eag] =
TEWIa = [(mr GWPR OrRr) + (mr GWP= D/ t)] + [(tix

tx EF W 0) * (t1e te EF W v =
TEWIa = [(mr GWPR Or) + (mr GWPR Do/ t)] + [(tix

tx EF Qo / COPe2) + (tro tro EFQ v / COPyrea)]
(kgCOalyr) (2)

émou:

DE, IE: n auean aupPoAn (Direct Effect) kai n éupeon
ouppoM) (Indirect Effect) (kgCO2-eq & kgCO:
avtigToixa),

OR: oI 100d0vayes aueoeg ekmoptég CO2 kard
xpnon (Operational Releases) (kgCO2-eq),

DR : o1 100d0vapeg apeaeg ekmopmég CO2 katd Tov
mrapotAiopé (Decommissioning Releases) (kgCO2-
eq),

[Ex, IEe : n éupeon ouuPoln kard 1o aTadio xpiong
T0 XeIpwva Kail To 8¢pog avtioTorxa (kgCO2),

(Ta peyébn pe deiktn ke@ahaio A ekgpalouv TIg
ETAOIES TILEG TWV TIAPATIAVW UEYEBWV)

MR: N MAJa TOU WUKTIKOU PEUCTOU TTOU TIEPIEXETA
atov egomhigud (kg),

GWPk: 10 duvapikd TraykdouIag utrepBEppavang Tou
wukT. peuaTol (kgCO2-eqlkg),

Orr: 01 £TATIEG ATTWAEIEG WUKT. PEUATOU GE TIOGOOTO
el 1oIg ekatd (Operational Loss Rate) (%lyr),

t. n ouvoAikip didipkela Tou oTadiou xpriong Tou
eomhiopou (dnA. TG AB) ae &tn (yr),

Di: ol amwAeleg WUKTIKOU peucTol  Kard  Tov
TapomAiopd NG A@ o€ TT0000TO €T TOIG €KATO
(Decommissioning Losses) (%),

tix, te: oI wpeg Aeimoupyiag g AG nuepnoiwg To
Xeldwva kai 1o Bépog avrioToixa (h/day),

tox, tee: 01 Népeg Acitoupyiag Tng AG To XeIpwva Kal
10 Bépog avtioToixa Katd Tn OldpkEId Tou £TOUG
(days/yr),

EF: o ouvieheomic exmoumwv CO2 yia v
mapaywyny nAekTpIKAG evépyelag (Emission Factor)
(kgCO2/ kWh),

W o, W v: 1 100¢ TTIOU 0TTOpPOQA 0 GUPTTIESTAG Yial
N AIToupyia Tou TO XElPwva (yia Bépuavon) kal 1o
Bépocg (yia dpoaiaud) avtiaToixa (kW),

Q o, Q w: n BeppIKA-YUKTIKA 10X0¢ TN AO (KW) Kai
COPgrea,  COPyreal; o1 TrpayuaTikoi  OUVTEAEDTEG
BEPUIKAG-WUKTIKAG GUUTTEPIPOPAG.
2.2. MeBoboAoyia

H péBodog ou akoAoubeital yia Tov utrohoyioud
70U TEWI Tng eykateaTnuévng A@ GT0 X0IpOaTACIO
avagopag mepIAappavel Tpia facikd aTadia

1. Aigpelvnan KMIPATIKWY GuvBnkwv/dedopévv

HikpoTrepIBaMovTOG:  TTpoodiopifovtal o1 PECES
pnviaieg eNAXI0TEG/PEYIOTES Beppokpaaieg
XEIMwva/Bépoug avrigToIya (duopevéaTepeg

OUVONKeg e&wtepikoU TrEPIBAAOVTOG), KaBWG Kal ol
pEaEG Beppokpaaies Tou amraiTouvTal yia T Bepuikni
avean Twv xoIpidiwv 1o Xelpwva (yia Bépuavan) Kai
10 BEPOG (yIa dpoaIopd) aTo eowTepikd TEPIBAAAOY
(MikpottepIBAMOY), BnAadr) Toug BaAdpoug Tou
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xolpoaTagiou, e Bdan v opydvwan aAAd kai Tig
QVAYKES TOU.

2. Evepyeiakoi utroloyiopoi : TogoTIKOTIOI00VTAI
OAa ekeiva Ta peyéBn Tou 0dnyolv aTov UTTOAOYIOHO
TWV TIPAYMOTIKWY OUVTEAEOTWY  BePUIKAG-WUKTIKAG
oupTepipopds (COPgrea, COPyreal) kaBwg Kal Twv
avrioTorywv  BewpnTikWv  TTapoxwy dykou OtV
avappdenan Tou CuuTTIERTA, N oToia BonBd atn
0100TagI0AGYNCON TOU, Yia KABE TTEPIOXR Kal yia KABE
UTTOWNPI0 WUKTIKS pEUTTO.

3. MepiBarhovTikoi utohoyiapoi : AauBdvovrag
ummown  TIG  aTapaiTNTES  TTOPABOXEC-UTTOBEDEIS
(AvaaTagiou, 2012), umohoyilovTal n aueon Kai n
éuueon oupPohry. Amd 10 guvduaouévo aBpoiaua
TOUG TTPOKUTITEI N TIur Tou TEWI, n omoia pmopei va
eival n ouvoAikA A n €TACI0, avd YUKTIKO PEUCTO Kal
TIEPIOXT).

3. AMOTEAEZMATA & ZXOAIA
3.1. Eowtepikd-E§wrtepiko mepifaiiov

Z1oug lMivakeg 1 kai 2 divovral o1 Beppokpaaieg
e&wrepIKOU-eoWTEPIKOU  TTEPIBAMOVTOS  (Bout, Bin),
KaBwg Kai ol BeppoKpaaies EEATUIONG-CUPTTUKVWANS
(Be, Bc) yia KGBe TrEPIOKNA Kal £TTOXA (avaykeg dnAadN
o€ Béppavan/dpoaiaud).

lMivaka¢ 1. Ogpuokpacie Bout, O Kal avaroyeg
Bepuiokpacies B, 6: (o °C) yia KGBe mepioxn T0

Xxeipwva (Bépuavan)
XEIMONAT Bout 6. 0. Oin
Diapwa (RX) -3.5 -13.5 43 33
Dhopva (R717) -3.5 -13.5 50 33
Xokida (RX) 51 | 409 43 33
Xohkido (R717) 5.1 -4.9 50 33
Iepanetpu (RX) 8.5 -1.5 43 33
Iepametpa (R717) | 8.5 -1.5 50 33

Mivakag 2. Oepuokpaciec Bin, Bout Kai avdoyes

Bepuokpaaies Be, B: (o °C) yia kdbe mepioxn 10
0épog (6poaiadg)

©EPOX Oin 0. B B
Dhraopva (RX) 24 14 39 29
Dihpva (RT17) | 24 7 39 29
Xahwido (RX) 24 14 11 31
Xoladoa (R717) | 24 7 41 31
Iepanetpu (RX) 24 14 42 32
Iepdnetpa (R717) 24 7 42 32

A6 i Bepuokpaaies e§wtepikol TeEPIBAAOVTOG
(Bout) TTOPOTNEEITAI OTI N €KAOYN TWV TIEPIOXWY,
KOAOTITEl Kal divel pia YEVIKY €IKOVA yia 1O €UPOG
Beppokpaciwv Tou pmopei va  amavinBei oty
emkparela. Amo v GMn TAcupd, AapBavovrag
uTroywn Kal v KpigiudtnTa Tou el T0 aTAdI0 O
avamtuéng (oTo omoio Ta Xolpidla xapakmpidovral
omo peydAn eumdBeia Adyw Tou veapoU TG nAikiag
T0U¢), Ol €eTmiAexBeioeg Bepuokpacies eowtepiKoU
mepIBaAlovTog (Bin) €ival auTég TTou Ba TTPOTPEPOUY
v amapaitntn Bepuiky  Aveon, waTe va  pnv
emmpeadleral apvnTika 1600 N TapaywyikétTa 600
Kai n eulwia toug. Ta mpoPAfuata Tou epgavicovral
M0 OUXVA OTa Veapd Xo1pidia KaTd 10 XEIYWVA OTOV
EMadIkd  xwpo, kai  Kkupiwg n  Bvnaiudma,
o@eilovTal aTig xaunAég Beppokpaaieg, ata peduara



aépa Kal OTIC WEYAAEG NUEPATIES DIAKUUMAVOEIC TNG
Beppokpaaiag Tou mepIBaAovtog. Ta TG Bepivég
OUVBAKES TNG XWpag, Ta veapd xolpidia eupaviouy
éviova TmpoPAjuaTa  BepuikAG  karamévnong, e
amotéAeaua TV EATTWpEVN KaTavaAwan TPOYRS Kal
70 MIKPOTEPO pUBO avémtuéng (Mamayewpyiou,
2010; Mavayakng, 2010). H mpoaekTikr piBuian Tng
Beppokpaaiag eivar kaBopIaTik Kal e TN XPAON
piag A ptopei Kai yiveral TpayuaToToIRCIUn OTa
€mOuUNTa KABE Popa eTriTredal.

3.2. Evepyelakoi utroAoyiopoi

20ugwva P Trpdogate  ekmiunoels (UNEP,
2012b), aTov Topéa WENng Kal KAIHATIONOU O KUKAOG
OUUTTIEGNG OTUWY WUKTIKOU pEUCTOU gival auTdg TTou
Ba kupiapxei kai TIG emopeves dekaeTieg, agoU ol
dMhou gidoug Texvoloyieg Tapouaiddouv Pétpia Tpog
kaAr amodoan (uayvnTikh wogn, ouoThpara Wwogng
amognpeavTikoUu péoou) f @Twyr amoedoan (KUKAo
pdenong, BepuonAekTpik  Kal  BepUOAKOUATIKN
wien), o oxéon e autdv. " autd GMwaote n AG
TIOU HEAETATaI QVAKEI O€ QUTR TNV Katnyopia
WUKTIKWV ~ dnxavwv — 1ou  Aeimoupyolv  w¢
ouaTAUaTa/HOVAdES KAIJATIONOU.

2116 Eikbveg 4 kai 5 ameikovifovtal ol KUKAoI Tou
WukTIKOU peuaTol R1234yf avd emoxA kai mepioxn,
oTo avrioToio yia 10 R1234yf diaypaupa P-h, eviw
avaloyn diadikacia akohoubnbnke kar yia Ta
utréAoITTa YUkTIKG peuaTd (Refprop, 2010).
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Eikova 4. Wukrikos kUkAog o€ didypauua P-h tou
R1234yf yia 1i¢ TpEIS TTEPIONES KATA TO XEILWVA

Méow Twv WUKTIKWY KUKAwv Bpébnkav Ta
amopaithTa Beppoduvapika peyédn woTe va yivouv
Ol ATTAITOUEVOI EVEQYEIOKOI UTTOAOYIOOI yia A Ta
WUKTIKG peuaTd, PeTagu Twv oToiwv utoAoyioTnkav
n BewpnTik TAPOXA OYyKOU OTO  OUMTIEDTA

(xempavag-V nx, B£pog-V ne) yia kaBe mepiox Kau
WUKTIKO peuaTo, KaBwg kar o1 ouvteAeaTéG BepikAg
kar  WUkTIKAG ouuTiepipopds (COPgred,  COPyreal
avrioToixa). Or Tipég Twv TeAeuTaiwv oudnTolvral
OTNV €TOUEVN UTTOEVOTNTA, TTPOKEIPEVOU Vva Eival
OTITIKG  €UKOAOTEPOG O OUGYXETIONOG TOUG e TOV
mepiBarrovTiko deiktn TEWI kal TIG OUVIOTWOEG TOU.
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Eikéva 5. Wuktikoc kUkAogc o€ didypauua P-h tou
R1234yf yia Ti¢ 1p€IC TTEPIOYEC KATA TO BEPOC

Ocov agopd 6t TG Kpiolues Beppokpaaieg
(Refprop, 2010) ka1 T oxéon ToUG peE TN WEyIOTN
Beppokpaaia Tou KUKAOU TToU KaAgital va epyaoTei
T0 KGBe WUKTIKO peuaTd (Bepuokpaaia ato anueio 2
Tou dlaypdpyarog  P-h), auti ameikovileTal
XOPOKTNPIOTIKA amd 10 Adyo 628 Twv dU0
Beppokpaciwy, dnA. TG Bepuokpaciag karaBAiyng
B2 Kai NG KpioIung Bepuokpaaiag Tou PeuaTol Ber
aTov Mivaka 3. AvemB0unTn €ivarl n kardataon oty
otoia 0 AGyo¢ autdg TANCIAlEl GNUAVTIKA 1) Kal
utrepBaivel v TipAR 0.90 (AePévin & Aoptpivo,
2009).

[Mivakag 3. Abyog 02/6cr yia KGBE WUKTIKG PEUOTO avd
TTEPIOXN KAl ETTOXN

POKTIKO TIIeproyny T Xaypodvag Oipog
0.76 0.55

Xakida | 0.69 0.57

Ipa 0.67 0.58

1.08 0.71

0.96 0.74

0.92 0.76

0.78 0.58

Ll Xoaxide | 071 0.60
IspaneTpe 0.69 0.61

1.35 0.94

Ll Xarkida 1.24 0.98
Ispd 1.20 1.01

0.69 056

Lalaliat XarKida 0.66 0.59
Ispd 0.65 0.60

1.62 086

R77 | Xaixkisa | 1.37 0.90
[ T=pamzepa | 1.27 0.92

‘E101, 01 X€1pOTEPEG TTEPITITWAEI ATTAVTWVTAI KOl
OTIG TPEIG TIEPIOXEG, TOOO Y10 TO XEIUWvVA 600 Kal yid
10 B€pOg, katd oelpd yia Ta R717, R410A kai R22 pe
TIg TepImTwoelg Twv  R717, R410A eidikd va
Eemepvolv kaTd TTOAU TN ovAdaA TO XEIHWVA.

H Bewpnrik Tapoxn Oykou eivar éva péyeBog
onuavtikG, a@ou kabopilel TO  péyeBog TOU
oupTieoTA Kal, Tepaitépw, T didragng (Mivakag 4).
lNa k@B mepitrwan, n diactacioAéynan yiveral pe
v €mMAOYAR NG HEYAAUTEPNS TIUAS METAEU XEINWVA
Kkai Bépoug, £101 WOTE va KAAUTITETAI Kal N JIKpATEQN.

Mivakag 4. AiaoracioAéynon ouumieati yia kdbe
WUKTIKO PEVUOTO Kal TTEPIOXH



Oeproyy | Pokmiko V aix Ve AwesTacohoynon
Pevotd GUPMEGTI] E

Baon o

0.100 0.033 Xewmova

0.051 0.020 Xewdva

R134a 0.123 0.031 Xemova

R410A 0.031 0.013 Xewove

R1234yf 0.108 0.031 Xeydva

R717 0.071 0.025 Xewove
0.034 0.038 Oépog
0.019 0.023 O¢poc

R134a 0.037 0.036 Xewdva
Xahxide | "Raj04 0.012 0.015 Otpog
RIZ3MyE | 0.035 0.036 Dépog
R717 0.021 0.029 Oépog
0.024 0.041 Opog
0.014 0.025 BEpos
Ri34a 0.025 0.038 Oépog
R410A 0.009 0.016 Qepog
R1234yf 0.025 0.039 Gépog
R717 0.015 0.031 Bépog

Amé ™ oUykpion TPOKUTITEL 6TI n KaAUTEPN
emAoyn cival 10 R410A kai yia TIG TPEIG TTEPIOKES,
kaBuwg n xelpotepn yia M PAwpiva civar 1o R134a
evw yia T XoAkida kar v lepamerpa gival 10 R12.
Opwg, amd  aTiyur mou Adyw KpiGIpwy guvenkwy
(Mivakag 3) dev umopei va xpnoiyomoinBei, kabwg
kar 1o R22, R12 & R717, kahutepn emihoyn
armoteAoUv Ta R1234yf & R134a.

Av koI n  appwvia  TTOPoucIalel  OPKETA
mAcovekpata (Cengel & Boles, 2003; Aefévin &
Aaptrpivag, 2009), Ta duo PeyaAa TG PEIOVEKTAUATA,
Kupiwg n TogkOTNTA GAAG Kal N SiaBpwTIKATNTA,
avaykalouv T XpACN TNG OF £QAPUOYEC OTTWG TO
X0lpoaTdglo-avagopd, POvo PEOw  KUKAWUATOG
éugeonG woEng TO OTOI0 WEIWVEI GNUAVTIKA TV
amédoar g, KabioTwviag v £T101 £QAPUOTIUN
MOVO VIO PEYAAEG EYKOTAOTATEIS, OE BIOUNXAVIKES
TIEPIOXEG, Kal, €v  TACEl TEQITITWOEI,  EKTOG
KOTOIKNMEVWV TTIEQIOXWV.

3.3. NepiBarAovTikoi utroAOyIoHOI

O1 umroAoyiapoi TTou éyivav agopolv TIG ETATIES
TIPEG TG Aueong oupBoMig (DEa), g éppeong
ouppoAis (IEa) kai, emouévwg Tou ethalou TEWI
(TEWIa). Aut yivetal agevog Pev yia va UTTApxE! pia
M0 OAQAG KAl OUYKPIoIun €IK6va, Tpdypa Tou dev
ameikovifetal ¢ekadBapa utoAoyifovtag Ta avtigToixa
peyédn kard T ouvoAiky OlGpkeia  AciToupyiag
(xprong) g AB, agetépou de eival KaAlTepo va
eival yVwaoTEG o1 €TATIEG TIPEG, Aol apkeToi Adyol
propolv va d10gopoTToIRCOUV T OUVOAIKH TIUA
TEWI, 6mwg ivar .. n avtikaraaTaon g AG Adyw
gnuiv. 4 Adyw g Omapgng  piag G,
avTaywvioTIKATEPNG, Texvoloyiag katd Tn didipkeia
TOU  uTroTIBépEvou  oTadiou  Aeimoupyiag, N
dlapaivopevn aMayfy Twv  KAIPATIKWY - oUVBNnKwv
KOT@ TNV TAPOSO QUTWV TWV €TWV, N peiwon g
BEPUOUOVWTIKAG IKAVOTNTAG TWV UAIKWY KATOGKEUNG
TOU X0IpoaTagiou, n TTWAN TG TOIOTNTAG TWV
WUKTIKWV ~ PEUCTWV  €Gv eV yivovTal  QUYVEG,
TOUANGYIOTOV €TACIEG, EMIBEWPAOEIG KAl ETTIOKEUEG,
KTA.  AMwoTe, €dv umapyel avaykn yia  Tov
utoAoyioud Twv peyeBwv autwv yia T GUVOAIKN
didpkela  Aeitoupyiag 1 yia  ommoiadAToTe  GAANR
XPOVIK TIEpiodo péoa o€ auTh, autdg TTPOKUTITEN
€0KoAa ad 10 YIVOPEVO TWV ETATIWY TILWV HE TNV

€KAOTOTE ETTIAEYMEVN XPOVIKA TEPiNd0. XTnv EikOva 6
ouykpivetal n TiAR Tou TEWI ava €rog (TEWIA) ava
WUKTIKO PEUCTO Kal TIEPIOXT. Z€ QUTA QaiveTal 0TI N
TIMA TOu €ival peyahutepn ata wuypdtepa KAiyara,
EVW pelwveTal aigBntd kotd Tn petdpaon o€
BeppoTepa KAipara, yeyovdg Tou 10xUEl yia 6Aa Ta
WUKTIKA  peuoTd. TMapoho Tou 10 R22 kai o
avtikaraotdmng Tou, 10 R410A, amotedolv Tnv
KaAOTepn €mmihoyr), éxouv RGN aTokAEIoTEl amd v
€QapuOY TOUG OTO X0IPOOTACI0, AOyw KPioIHwv
OUVONKWV.

TEWI avd érog
140,000
120,000
% 100,000 -
o
O 80,000 -
g
= 60,000 -
g
I 40,000 -
20,000 -
04
R12 R22 R134a R410A R1234yf R717
BOAwpIva 116,954 88,395 106,930 86,181 96,842 128,578
B XaAkisa 81,948 58,927 62,507 59,092 58,657 75,370
W lepdmerpa 77,921 55,798 58,090 56,190 54,760 70,516

Wukmkd Peuotd

Eikéva 6. Etrioia tiury TEWI (TEWIa)

Z1ov [Mivaka 5 divovTal Ta GUYKEVTPWTIKA ETATIA
amoTeAéguaTa Twv TIEPIBAAAOVTIKWY UTTOAOYICUWY
aMaG kar Twv ouvieheaTwy COPgr, COPyr (0 ekBETNG
r amotehei ouvdpeuon Tng Aégng real), Tou
TTPOEKUYAV QTG TOUG EVEPYEIOKOUG UTTOAOYIOHOUG
ava TEPIOYN, ETTOXT KOl YUKTIKG pEUaTO, 6TTOU :

DEa: n auean emoia aupfoln (kgCO2/yr),

[Eax: n €uy. €Tho10 ouppoAr To xeluwva (kgCOz2fyr),
I[Eae: n €Y. €TR010 oUPBOAA To B¢pog (kgCOlyr),
I[EA: n ouvoAIKn Eupean ehaia aupPoAn (kgCO2lyr),
TEWIa: n emaia ipr tou deiktn TEWI (kgCO2/yr).

Mivakac 5. AmoreAéouara  evepyelakwy — Kai
mepiBatovrikwy umoAoyiouwy avd mepioxn, Emoxn
Kal WUKTIKO pEUaTo.
VP, | ey | DEy | IEy | IEy | IE, | TEWI, | COPg | COPY
23780 | 67.773 | 25402 | 03,078 [ 116955 ] 199 | 576
| Xojda | 2780 | 26930 [ 3137 | 8067 [ ;1907 | 287 | s34
i 3471 [ 200 | 30308 a0 [ o | 38 | s
3600 [ 604m9 [ a4 [ s70s [ w3305 | 23 | 64
owida | 3690 | 25341 | 0804 | 55238 | 58927 | 308 | 5
i 3,600 | 10030 | 32075 | 52008 | 55707 | 345 | 53
2877 [ 78870 | 25183 | 104083 [ 106930 171 | 581
RiMa | xowida | 2877 [ 20626 | 31005 | 50831 [ a2s08 | 270 | 538
i 287 [ 2000 | 34004 | 55013 | 58000 | 34 ] s
% 4003 [ ssaan [ s | a5 | sedso | 232 | 600
RA0AY Naguida | 4023 | 25176 | 20894 | 55070 | 50003 | 307 | 558
i 405 [ 10030 | 3207 | 2067 | 600 | 345 | s
I EEIEI I EE
RIBAT | goudpe | 7 | 27700 | 30047 | 50 | sees6 | 1w | sk
| I I EG B S B IR BT
% IS A S
RTT | Xajwiba | 0 [ 33450 | 4100 | 7530 [ 7sam | 231 | 3
Iepanerpn| 0 [ 24626 | 43800 | 0516 | 70316 | 268 | 383
AuTO TIOU TrapaTNPEITal TTPWTIOTWG, €ival 6T g€
VEVIKEG YPOMUES N EUPEON OUPPOAR €ival kaTd TTOAU
peyaAUtepn amd v dueon (>6 @opég Katd péoo




6po, étav auTr UTTApxE!), EKTOGC Kal av TO WUKTIKO
PeuaTO O1aBETEl TTOAU peydAn iR GWP (61w, Tr.X.,
70 R12 ye GWP = 10,900), ométe n dueon Ba
OUMMETEXEI HE OPKETA HEYAAUTEPO TTOGOGTO GTNV TIWA
Tou TEWI. Ogo peyahitepor eivar o COP, 1600
MIKPOTEPN €ival N 10%0G AIToupyiag ToU GUUTTIEDTH,
pe amotéAeopa va  gival  pIKpOTEPN N EMEON
OUBOAR, TTOU GuveTTayETal Kal pIKPOTEPN TIUA TEWI.
Emiong, o poAog ¢ dueang oupPoric eaivetal amod
v T Tou TEWIa yia 11 epimtoeig Tou R1234yf
otn XoAkida kai v lepameTpa, 6mou, Adyw Tng
oAU pikpA¢ TWAG GWP  mou  Tapouaiddel,
KoTa@épvel va uTrepTEPEi TOou Kupiapxou R410A, 1o
omoio  Trapoucialel Toug KaAutepoug COP (ot
avtiBeon e TV auuwvia Tou, av Kal gival oav
ougia 10  @IANKOTEpO  TIPOG  TO  TEPIBGAAAOV
OUYKPIVOUEVO WUKTIKG peuaTd pe undevikd ODP kal
GWP, Trapouaialel Toug Xelpdtepoug, Adyw TOU
KUKAWWATOG EMETNG WUENG OivovTag TeAIKWS TTOAU
peya@Aeg TipéG TEWIA). Ta Tov id10 Adyo (d10¢popeTIKA
Tyl GWP), to R22 mrapouaiadetal va €xel JIKPOTEPN
duean oupPoAn amod 1o R410A, eviy aTny TepiTTwan
70U R12 omv lepdmetpa, n aueon ouppoAn
umrepTepel TG €upeang katd 1o Yelwwva. Oagov
agopd v éupean OUMPOAR TO XEIMwva, auTh gival
peyaAUTepn oTa o Wuxpd KAipaTa, evw n Eupean
OUpBOAY To Bépog uTtepTEPE], avTioToixa, aTa IO
Beppd Khipara. Opwg, amd Tn aTiyur Tou 10 R410A
OOUAEUEI OE UTTEPKPITINES TUVONKEG, V) To R22 TIg
TTPO0EYYiCel apkeTd Kal TAPAAANAa £xer un Pndevikr
Ty ODP  (teAwvrag umd kaBeoTwg  aTadIOKAS
karapynaong), n karaAnAdtepn emiAoyr TeNIKA gival
10 R1234yf, akohouBouuevo amd 1o R134a.

4. TYMNEPAZMATA
4.1 Evepyelokoi urohoyiopoi

Ta wuktikd peuotd R717 kai R410A (ta R12 &
R22 guppetéxouv pévo yia ouykpion) ammokAsiovTal
amd TN OUYKEKPIPEVN e@apuoyr, 818t n avtAia
BepuoTNTAG AEITOUPYET TO XEIUWVO TE UTTEPKPITIYES
ouvOrkes. Ta wukTikG peuatd R1234yf kai R134a
mapouaidlouv COPe amd 1.7 (PAwpiva) éwg 3.2
(Iepamrerpa) kar COPy amé 5.1 (lepametpa) £wg 5.8
(PAwpiva). Ocov agopd Tn BewpnTikhy TapoXA

oykou V 1 (uéyeBog ouptreoTs), BAGEI TG OTToIOG
yiveral n d1a0TacioAdynar Tou, 10XUOUV yia Thv K&Be
mepioxr) 1a €§A¢ : ot GAwpiva n diacTaciohdynon
yivetal e paon T Bewpnriki TTapoxn dykou Tou
XEIMWVA YIa OAQ Ta WUKTIKG PEUaTA. ZTn XaAkida n
dlaoTacioAoynon yivetal pe Pacn Tn BewpnTikn
Tapoxi Oykou Tou B€poug yia OAa TA WUKTIKA
peuUaTa ekTo¢ amd 10 R134a, Tou omoiou auth Tou
Xelpwva eivar ehdyiota geyahltepn amd auth Tou
Bepoug. Kar aTig duo mepioxég To R1234yf amoteei
TNV KAAUTEPN €TTIAOYY, EvWw akoAouBei To R134a. Z1nv
lepdmetpa n dlaoTagioAdynon yivetal pe paon
BewpnTikr Tapox Oykou Tou Bépoug yia GAa Ta
WUKTIKA peuaTd. To R134a amoteAei v kaAUTepn
emAoyn, evw akohouBei 1o R1234yf. To péyeBog Tou
ouptmeoTh Wetagl PAwpivag kai lepameTpag popei
va gival utrepTpITTAGaIo.
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4.2 NMepiBaAAovTikoi utroAoyigpoi

Oagov agopd kal Tnv Guean etiaia ouppoAn
(DEA) kai v éupeon emaia ouppoAd (IEa), nAadn
mv emoia TipR tou TEWI (TEWIA), n koAUtepn
emhoyn eival 10 R1234yf, akohouBoupevo amd To
R134a. H éuuean ouuBoAj otnv karaoTtpo@n Tou
TEPIBGAAAOVTOG €ival 6 Kal TIAEOV POPEG HEYOAUTEPN
oamo TV Auean (6Tav QUTA UTTAPXEI), €vw OTN
OAlwpiva  gival oxeddv dimAagia a6t otV
lepameTpa.
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ZHMAZIA TOY AEIKTH ZYNOAIKHZ IZOAYNAMHZ ENIAPAZHZ ZTHN NArKOZMIA OEPMANZH KAI TO
NEPIBAAAONTIKO ANOTYNQMA MIAZ ArPOTIKHZ AIEPTAZIAZ

A. AvaoTaciou kai Fp. Aapmpivag
Epyaotipio Mewpyikng Mnxavohoyiag, TuAua Agiotroinong Quaikwv Mopwv & Mewpyikng Mnxavikig
lewtovik6 MavemiaTipio ABnvavy, lepa 0d6¢ 75,T.K. 11855,ABrva, e-mail: refrigenergy@aua.gr

To AvBpwtoyevég Paivdpevo tou Oeppokntiou (eAeyxopevo amd 1o lMpwrdkoMo Tou Kidro) amoteAei 10
peyaAutepo mepiBarrovTikd TpoRANua, akohouBoluevo améd tnv Tpima tou Oloviog (TTou eAéyxeTal améd 1o
MpwtékoMo Tou Mévipeah). O 6pog ‘TeEPIBAMOVTIKO amoTUTTWA €XEI ETTIKPATATEI va anpaivel 70 gOvoAo Twv
ekmmoutrov CO2 kal Twv GAwv agpiwv Tou Beppoknmiou Adyw avBpwtoyeviov dpacTnpiotATwy. H ‘ZuvoAikn
looduvapn Emidpaon oty Maykéopia Oéppavon’, ZIEMNO (Total Equivalent Warming Impact, TEWI) amoteAei pia
TTPOCEYYION YIa TOV UTTOAOYIGUS TOU ATTOTUTIWHATOG, N 0TToia £XEI TTEPIOPIHEVO TTEDIO EQApPUOYNG, AQOU aoXOAEITal
e TNV €midpacn Tou ackolv aTnv evioxuan tou Qaivopévou Tou OeppoknTriou epyaddueva peuaTd TTOU AVAKOUV
OTa BEPUOKNTTIOKA AEPIA KAl T OTTOIA CUUMETEXOUV O€ GUYKEKPIUEVA GTAdIA TOU KUKAOU {wiG Tou £GOTTAIGUOU TToU
mepiéxovtal 1 6Ang g diadikagiag . H emidpaon autr utmopei va eival duean (ameubeiag ekmmopuTA) aAAd Kal
€upean, Aoyw Twv ektrepTopévwy TToootATwy CO2 Katd T diadikaoio Tapaywyng TG EVEPYEINS TTOU TPOPODOTE] TOV
etomhioyo 1 amoppogdral amd yia diadikaaia. O mepiBarlovtikds deiktng TEWI kaBioTarar xpAoigo epyaleio
agioAéynang Kkai auykpiong d1a@épwy Texvohoyiwv. EIBIkG ag e@apuoyés KAiaTiouou, glpavang, avaktnong f
avaBaBuiong BepuiKAG evépyelag, TTou evlIAQEPOUV CRUEPA GNUAVTIKA Tnv aypoToiounyavia, umopolv va
OuYKpIBoUV kal TEXVOAOYIEG TTOU XPNOIPOTIOIOUV OUPPATIKEG EvEPYEIOKEG TINYEG (TT.X. TIETPEAAIO, AvBpakag), evw 0
OeiKTNG uTTopEl va XpnoiWoTToINBei Kal yia TN eAayIoTOTIoiNGN Twv KAIJOTIKWY ETITITWOEWY TTOU TTapouaialouy ol
AdN UTTAPXOUCES 1| eykaTeaTnuéves Texvohoyieg. Puaikd o deiktng TEWI kabioTarar idiaitepa TOAUTIUOG KaTd TV
KOTAOKEUR 1 avakaivion aypoToplounyavikwy Kmpiwv, OIEUKOAUVOVTAS Kal oTnv  e€mAoyr Tou Tpdtou
Bépuavang/dpoaiapol Toug. QaT600, 1600 N Tpoatyyion TEWI éao kai n BeAtiwpévn péBodog LCCP(Life Cycle
Climate Performance) efet@Couv udvo mv KAipaTikr midpacn. YTapyel ouwg kai n euputepn péBodog LCA(Life
Cycle Assessment), agou TepihauBavel TIg TepIBAAOVTIKEG EMDPACEIS KOl TWV UTTOAOITTWY EI0POWV-EKPOWY TOU
OUOTAATOG, TIAEOV EKEIVWY TTOU oUVEOVTAI WE TNV KaTavaAoUpevn evépyela ammo Tnv diepyaaia.

Né€eic kheidia: Paivdpevo Tou Oeppokniou, Khiparikr) ANayn, Epyaloueva peuaTd, MepiBahovTikG amoTUTwya.

IMPORTANCE OF THE TEWI (TOTAL EQUIVALENT WARMING IMPACT) INDEX AND THE ENVIRONMENTAL
FOOTPRINT OF A RURAL PROCESS

Dimitrios Anastasiou and Gregory Lambrinos
Laboratory of Agricultural Engineering, Department of Natural Resources Management & Agricultural Engineering
Agricultural University of Athens, 75 lera Odos Street, GR-11855, Athens, Greece, e-mail: refrigenergy@aua.gr

The enhanced Greenhouse Effect (controlled by the Kyoto Protocol) is the largest environmental problem,
followed by the Ozone Hole (controlled by the Montreal Protocol). The term 'environmental footprint' has prevailed
mean the total emissions of CO2 and other greenhouse gases caused by human activities. ‘Total Equivalent Warming
Impact (TEWI)' is an approach to calculate the footprint, which is limited in scope, since it deals with the influence of
fluids belong to greenhouse gases at specific stages of the life cycle of the equipment contained or process involved.
This can be direct (direct effect) and indirectly (indirect effect) because of the amount of CO2 emitted during the
production of energy supplying the equipment or absorbed by a process. The environmental index TEWI becomes
useful tool for assessing and comparing different technologies. Especially in air conditioning, drying, saving or
upgrading thermal energy agro-industrial applications, there can also be compared technologies that use
conventional energy sources (e.g. oil, coal) and can be used to minimize climate impacts posed by existing or
established technologies. Consists especially valuable during the construction or renovation of buildings, facilitating
the choice of their heating/cooling. However, both the approaches of TEWI and the improved LCCP(Life Cycle
Climate Performance) approach consider only the climate impact. LCA(Life Cycle Assessment) is the broadest
approach, since it includes the environmental effects of the other system inputs-outputs, in addition to those
associated with energy.

Key words: Greenhouse Effect, Climate Change, Worked fluid, Environmental footprint.

1. EIZArQrd Quoikd TpoTmo Tavw ot In, evw oto delTEPO

Autd mou e pia AEn eival yvwoTd  wg OUYKATOMEYOVTOI  ONEC  E€KEIVEG 01  YEWYPOAQIKEG
TepIBAAAOY, ammoTeAsiTal kKaT oudia amd T0 QUOIKG TIEPIOXEG TOU TTAQVATN TIoU  OEXOVTAl  GNUAVTIKA
mepIBaAAov kar 1o dounpévo TepIBaMov. To Tpwro gmppon amd Tov AvBpwTo, w¢ aTmoTEAEOUA Twv
amoteheital amd 10 GOvoAO  Twv  QwvTavwv dpacTnPIOTATWY TOU.

opyaviopwv kal g apiag UAng Tou Bpiokovral Pe
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Ta onpeia, o mepioyég, KA., amd Ta omoia
ekmépTovTal pUTTol ovouddovTal Tmyég (sources) Kal,
av@loya pe 1O Qv o@eilovial oy avBpwivn
OpaoTnpidTnTa A Ox1,  diokpivovial  OF
avBpwtoyeveic (anthropogenic) kai Quaikég (natural)
nyés. O1 TeAeutaieg, Adyw TG KaAAg dlaoTopdg
TOUG, OtV TTOPOUCIAOUV OF WIKPEG YEWYPAPIKEG
TIEPIOXEG (TT.X. OOTIKEG TEPIOXEG Kal BIOPNXaVIKEG
CWveEG) uYnAéC ouykevTpwaelg, ae TARPN avTiBean
HE TIG aVBPWITOYEVEIG, OI GUYKEVTPWOEIG TWV OTTOIWV
€xouv  dnuioupynoel peyGAa  evTOTIOMEVQ
mepiBarovTiké TpoBARuaTa.

levika, umdpyouv €A BacikEG opddeg pUTwY
TOU TIPOKAAOUV aTHOCQaIPIKA puTravon, 6mwg:1)
EVWOEIC TToU Tepiéxouv avBpaka omwg COz, CO,
udpoyovavbpakes (HCs), ta mapdywyd Toug Kal
Aoimég TrInTIKEG opyavikég evwaelg (Volatile Organic
Compounds, VOCs), 2) alwToUxeg EVWOEIS OTTWG
N20, NOx, kai apuwvia (NHs), 3) Beiolxeg evwaeig
omwg SOx kai udpdbeio (Hz2S), 4) aloyovolyeg
EVWOEIC OTIC OTIOIEG, guuTEpIAauBAvovTal Kal ol
TEXVNTWG  Trapackeualduevol  ahoyovavaBpakes
(halocarbons), 5) @wToxnuIKG ofEIdwTIKA, T OTToia
TTPOKUTITOUV aTTO TIC AVTIOPACEIS EVEPYWY OPYAVIKWY
ouciiv kai NOx Tapougia nAiakoU Qwtég, e
Kupiétepo amod autd 1o 6lov (Os), 6) cwyaTidIaKoi
puTTol KaI agpoAupara kai EAog 7) G1a@opol TogIKOi
kar emkivduvol pOmol (Y.  efaxhwpoBevdio,
udpapyupog,  WOAUBdo¢  Kk.G.).  Tpwroyeveig
ovopadovral o1 PUTIOI TTOU EKTTEUTTOVTON OTTEUBEiag
amd v Ty oty atuéceaipa (m.x. CO, NOx, SOy,
VOCs k.G.), evwy o1 Oeutepoyeveic oxnuariovral
péoo  ot¢  auti, WG  OmOTEAEOPA  XNMIkoU
HETAOXNUATIOPOU a6 TOUG TTpwroyeveig (Y. SOs,
Os, Benkd appwvio k.4.) (KaMdia & Zauapd, 2007;
levrekdkng, 2010).

Zruepa, T KUPIGTERA QAIVOLEVO OTHOGQAIPIKAG
putravong eival 1o evioxupévo Paivouevo Tou
Oepuokntriou, Adyw TG (avBpwroyevolg) augnang
TWV GUYKEVTPWOEWY TWV BEPUOKNTTIOKWY agpiwy, n
Tpuma T1ou Oloviog, Ayw TG peiwong Twv
OUYKEVTPWOEWY QUTOU 0Tn aTpaTtdoalpa, n 6givn
Bpoxr, koBwg kal ol BUO KaTnyopieg VEQOUG
putravong OTwg, N KaTvouixAn Kal 70 QwToxNUIKG
VEQOG. H anuavTIkdTEPN ETITITWON TWV TTAPATIAVW
@aivopévwy gival n aAAayn Tou TTayKGapIou KAipaTog
TTPOG TO XEIPOTEPO.

H aMayfy Tou Taykdopiou kAiparog ptopei va
ogeikeTal 1600 g€ QUOIKEG diepyaaieg, 6G0 Kal g€
avBpwrroyeveic  dpaatnpiotnies.  Mdhiota, n
UNFCCC Trapouaiader Tnv kKAipaTiki aAAayn wg Tv
mOav peTafoA oto kAipa Tou o@eileTal Gueca R
éupeca o€ avOpwTTIVEG dpaoTnpIOTNTEG,
dlakpivovtag  Tov  6po  amd TN QUOIKA
peTaBAnTéTnTO, N OTmoia £XEl HOVO QUOIKA diTIa
(IPCC, 2007a).

Kupia emitrwaon TG kKAipatikhg aAayng eival n
Ta0N aUgnoNg TS Péong TTaykoauiag Bepuokpaaiag,
n omoia o@eiAeTal Kupiwg OV avBpwToyevh
algnan Twv CUYKEVIPWOEWY KATTOIWV €K TWV AEPiwv
TOU Bepuokntriou otV aTUOCPAIpa (Kai €IDIKOTEPA
Tou CO2). EkT6¢ Tou CO2, T UTOAOITTA Cépia TOU
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BeppoknTTiou TTOU GUMKETEXOUV OTNV evioxuan Tou
@aivopévou eival tTa CHa, N20, SFs, NF3 kaBwg kai o1
PFCs & HFCs.

AT Ta TTapaTavw, EUKoAA yiveral avTIANTTo 6T
70 Qaivopevo Tou OgppoknTriou amoteei, Xwpig
Koudia  apgiBohio, 10 peyaAltEpo  aUyxpovo
TiepIBaAovTIKO  TTpOBANua, akoAouBoupevo TTAéov
amé v Tpuma Tou OovTog.

To 6lov omoteAei WIa TPIATOMIKY HOPYR TOU
ofuyoévou Kal amavidral 1600 OTn GTPATO0PAIpa
600 KOl 0TV TPOTégQaIpd. TO GTPATOTPAIPIKO
6Qov amoteAei 10 90% TOU OUVOAIKOU GOVTOG TG
aTpéoQaIpag, Ppioketal ot o dIAPKA SUVAMIKA
IooppoTria peTatl g avtibpaong oxnuUATIGUoU Kal
¢ avridpaong O1GoTa0AG Tou, OmoTEAEi  O€
TTPOOTATEUTIK  aomida  yia 1o éupia  ovra,
amoppoPwVTAS Peyaho pépog TG utepiwdoug (UV)
nAlakAc akTivoBoAiag (kaAd 6lov). H iooppoTria auth
diarapacaeral étav €lgépyovTal 0T aTPATOCPaIpa
OUCIEG  XNMIKA  OTOBepéG, TOU  pmopolv  va
amoaTdoouV éva ATopo ofuyevou aTrod To 6{ov ATTWS
eival 1o NO, Kupiwg 6uwg 10 AToo Tou XAwpiou Twv
xAwpopBopavBpakwv(CFCs) Kal TWV
udpoyovoxAwpo@BopavBpdkwv(HCFCs). To pétpo
NG ETIOPACNG AUTWY TWV OUCIWV GTNV KATACTPOPN
TOU OTparocalpikol 6foviog ek@pdleTal amé T0
Auvapiké EAattwaong tou Ofovtog (Ozone Depletion
Potential, ODP), évav 6¢eiktn o otoiog opileTal amod
70 AOy0 NG emidpacng wiag XnUIKAG ouaiag aTo
6Cov, o€ aUyKpION pE TNV €TTIGPACN TTOU £XEI Wi ion
0¢ pada ToodtnTa NG ouaiag avagopdg, Tou Eival
70 CFC-11. To 1991 dpxIOE n TOPACKEUR Twv
udpoyovopBopavBpakwv (HFCs) Tmpokeigévou va
umrokataoTicouv Ta CFCs kai HCFCs, agou o1 véeg
QUTEG ouaieg Oev TTEPIEXOUV OTO HOPIG TOUG XAWPIO
Kal - €101 Bewpolvtal  okivduveg  yla 1O
aTparocaipikd 6lov. Amd v &AAn TAsupd, TO
TpOTTOOPAIPIKO 6fov amoteAei To umdhoio 10%
TOU aTUOCOQaIPIKOU 6JOVTOG, AVAKEl OTA aEpIa TOU
BeppoknTiou kai €ival 0 KUupIGTEPOG DEUTEPOYEVIG
pUTTOG-aQOU GUUMETEXEI OTO QWTOXNUIKG QaIVOUEVO-
TTpoKaAWVTaG TPoPARpaTa Gy pbvo atov dvBpwtro,
OoMd kar otn xAwpida kai v mavida (kakd 6Jov)
(KaAhia & Zapapd, 2007; Zavng, 2008; Mevrekdkng,
2010).

To @avépevo TOU  OgppoknTmiou  UTIAPXE
avékabev kail dev eival emBAapés. Touvavriov, gival
0UCIWdES Kal amapaitTo yia T {wh Tavw otn Mn.
To avnouxnmikd eivar n ‘evioxuon’ Tou @aivopévou
Adyw TG algnong Twv CUYKEVTPWOEWY KATIOIWY €K
TWV BepuoKNTTIOKWY agpiwv efaitiag avBpwmivwy
dpaotnplotitwy, yeyovdg Tou  odnyei otV
mepaitépw BEppavan (umepBEpuavan) Tou TAQVATN.
To COz2 givar 1o BepuoknTTIakd aEPIO TTOU GUUKETEXEI
Kupiwg ato glvolo g evioxuang Tou Paivouévou
ToU Oc¢ppoknmiou (kard 50-60% TepiTOU) eV
akohouBei 10 CH4 (20-30% Trepitrou). Emiong, dev
TPETEl va Eexvape Kal 1o GAo Baoikd aéplo Tou
Beppoknriou Tépav Tou CO2, Toug udpatuols (H20),
Ol OUYKEVTPWOEIG TWV OToiwV €Tmpealovial o
HIKPOTEPO BaBud amod Tv avBpwivn Tapéupaan, ol
0TToi0l OUWG CUPUETEXOUV CNUAVTIKA OTOV QUOIKO



pnxaviopé Tou @aivopévou, OxI OPwWG Kalr aTnv
evioyuon tou (Mehdg k.4., 2000; XkopdoUAng &
Zwmpdkou, 2005; MMamayiavvng, 2005; IPCC,
2007b; IPCC, 2007c).

Mapouoiwg pe Tov d¢iktn ODP, opiletal kal o
Oeiktng ‘Guvapikol ouppoAlg ato Paivouevo Tou
Oepuoknmiou (4, omv MNaykéopia  Oépuavan)
(Global Warming Potential, GWP), cUpewva pe Tov
0TI0i0 Ta BEPUOKNTTIOKA AéPIa KATATAGOOVTAI OE [id
KAidoka  avoAdywg pe v avd povéda padag
emidpaon TOU  aokoUv 0TV gvioxuon  Tou
@aivopévou. Mo guykekpipéva, wg GWP evég agpiou
opietar n duvatdmra 1kg Tou agpiou va
OUVEIOQEPEI OTNV  €VioXUON TOU (aIVOUEVOU, OF
oUyKpIon pE ekeivn TTou ep@aviel 1kg Tou agpiou
avagopag, Tou kabiepwdnke va eivar To CO(IPCC,
2007c; l'evrekdikng, 2010).

O1 onuavtik6TEPEG (TIBAVEG) ETITITWOEIG TOU
evigyupévou Qaivopévou Tou Oeppokniou givar: 1)H
atgnon ¢ uéang Taykdopiag Bepuokpagiag, n
omoia Ba emnpedioel  Ouopevwsg  Oha  Ta
0IKOOUCTAUaTa, 2)n  alfnon NG  ouxvetntag
EUOAVIONG QaIvouévwy Enpaaiag kal utroRabuiong
£da@uwv, KaBw¢ kal akpaiwv KAIPIKWY GUVONKWY,
3)n N Twv Taywv agToug MoAoug, Pe amoTéAeoua
v Gvodo TG oTabung Twv BaAaoowv, 4)n
pETAKivNON TWV (WvWv BPOXOTITWOEWV aTd TOV
lonuepivé Tpog Boppd, epnuomoinan Tou KATW
TUAKATOG TNG £UKpaTng {wvng avapeaa atov 20° Kal
40° mapdAAnAo, kai Triean aToug udATIVOUS TTOPOUS
OPKETWY TIEPIOXWY, Kai 5) aufnon evidpwv Kal
TTOPATITWY, YEYovOg TIou Bondd kail oty eEATAWGnN
poAuopaTikwv aoBeveiwv. QoTdo0, UTTAPXOUV Kl
KATTOIO  OEVAPIO EUVOIKWV ETTITITWOEWY, OTTWG N
eiwan TG KaTavaAwaong Kaugiywv kai n adénon
NG OYPOTIKAG  Tapaywyng  (ZkopdoUAng &
Zwmnpdkou, 2005; KaAhia & Zauapd, 2007).

ZKoTo¢ Aoimmdv NG Trapolong epyaaiag eival va
dlepeuvnBouv PéBodol TTou PTTOPOUV VA GUVOPAOUY,
€0TW KOI UEPIKWG, OTNV  €AAYIOTOTIOINGN  Twv
EKTTOPTTWV ~ Twv  (avBpwTToyevwy) — Oepiv  Tou
Beppokntiou a6 BIAGOPES PNXAVES A DlEPYAOTIES,
avadelkvuovtag véeg TexVoAoyieg 1 BeATitvovTag TIg
Adn UTTAPYXOUGES Kal 01 OTToieg Bpiokouv eQapuoyn
aTov QaypoTIKO XWPo (ayporTikég Kal
aypOTORIOUNXAVIKEG  KTNPIOKEG  EYKATAOTACEIS KOl
dlepyaoieg ).

2. YYMBAZEIZ-MPQTOKOAAA & APAZEIX

‘Empeme va mapéABouv 163 xpovia amd 161 ToU
o Fourier (1824) mrepiéypaye yia TpWTN Qopd autd
Tou eival yvwatod ofuepa wg  Paivopevo Tou
Oeppoknrriou, péxpl T0 1987, wia xpovid opbonuo
yia 10 TepIBaAAov (utroypa@n Tou MpwtokdAAoU Tou
Mévipeah), a@oU  amotéAeoe TV TTPWTN
OUYKpOTNUEVN TTPOOTTABEIa TTOAMWY KPaTWY yia TV
TpooTacia Tou TEPIBAAOVTOG, e BlopyavwTr Tov
OHE (Anuntpiadng, 2011). Tn diGokewn ToU
Maévrpeah d1ad€xBnke auth Tou Topdvro 1o 1988. Thv
id1a xpovid 16pUeTal n AlakuBepvnTikh EmiTpot yia
v Khipatik AMayr) (Intergovernmental Panel On
Climate Change, IPCC), éva &iemaTnuovIKé Kal
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Ol0KUBepVNTIKG  Cwpa OTo  oToio  avatédnke n
agiohoynon, péow edikwv ekBéoewv (Assessment
Reports, AR), Twv KivdUvwv TG aMayng Tou
KAigatog mou TTpokaAoUVTal OTO TIG AVBPWTTIVEG
opaomnpiotntes. To [MpwrtdékoMo Tou  Movipeah
utipée amotéAeapa TG avakaAuyng g Tpdmag Tou
OCovtog atnv AvtapkTikiy 10 1985. O1 KuPepvAceig
Trou éAaBav pépog ot Bidokeyn, avayvwpioav Ty
avaykn AQyng METPWV yia TNV TIEPICTOAR  TNG
TTOPAYWYAG KOl TNG KaTav@Awaong Oouciwv  TTou
EAATTWVOUV TIC GUYKEVTPWOEIS TOU GTPATOCPAIPIKOU
6Covtog, 6mwg oi CFCs kai o HCFCs apydrepa,
Bdoer evog xpovodiaypduparog efdAeiyng 1o otoio
Ba umopoloe va avaBewpeital Kal TPOTIOTIOIEITAl
av@loya pe TIC TIEPIODIKEG  EMOTNUOVIKEG &
TexvoloyikéG egehiteic. To 2007 o1 aTdyol TOU
TPWTOKOAOU, 6TTWG auTod €ixe dlapopewoei amé 10
1997, eixav emteuyBei kard 10 95%, TO0OOTS TTOU TO
KaBioTd, 26 xpdvia WETA, TO TIO EMTUXNUEVO
gyxeipnua éagov agopd 1a mepiBarovTikd {ntiuaTta
(AnunTpiGdNG, 2011).

H mpwn didokewn Tou agopolae 1o TPORANUA
¢ Khipatikig ANayig mpaypatomoinfnke amd ta
Hvwpéva E6vn 10 1992 atn Néa Ydpkn kai katéAnge
aTnV UTTOYPaPn evog Keluévou, Katd To id1o £10¢ 0T
Pio amd 154 xwpeg, Tou ovopdoTtnke ZUuBaaon-
MAaioio Twv Hvwpévwy EBvwv yia mv KAiparikr
AMayr (UNFCCC) kai apyioe va 1ox0el 10 1994,
‘Era1, &xivnoav o1 diaokéweig (COPs) pe okotd
pENETN  Twv  dedopévwyv  Tou  Ba  eixav  Ta
oupBaANOUEVa Wépn aTa XépIa TOuG, TTou odAynoav
apxIka atnv €ykpion Tou MpwtokdAou Tou Kidto 10
1997, kaBwg Kai aTIg avaBewpraeig autol WEXP! Kal
ofuepa.

To MpwtékoMo Tou Kiéto uioBetiBnke amd 37
Blounxavotroinpéves XWwpeg, TE0nKe 8¢ 0€ 10XU OTIG
16 @efpouapiou 2005. Toapéufacng) yia 37
Blounxavotroinpéves  XWpeg Kabwg Kal yia v
Eupwmaiki  ‘Evwon, omotehwvrag évav  ‘001kd
x&ptn', oTov omoio TepiAauBdvovtal Ta amapaitTa
BrAuaTa yia T JakpoTTPGBeaUn avTIPETWTTION ThS. Ta
KPATn ToU TO €XOUV ouvuTioypdyel deopelovTal va
ENATTWOOUV TIG EKTTOPTIEG TWV €¢I BEPUOKNTTIAKWY
agpiwv Kata 5% oe oxéon pe autég Tou 1990 atnv
mpwrn dcopeutikr mepiodo (2008-2012), kal kara
18% otn deltepn deaueuTikh Tepiodo (2013-2020),
oupmepidapBavoviag  Opwg  kar T0 NFs.
Avayvwpiletal 611 KUpiol utreUBuvol yia Ta uywnAé
EMTEDA EKTTOUTIV €ival Ol AVOTITUYUEVEG XWPES
(ammotéAeapa TG Blounxavikig Toug dpaaTnpIdTNTAS
yia mepiogdtepa amé 150 xpoévia), 6TwG Kal n
Z0uBaon-MAaiolo, Adyo¢ yia Tov oToi0 1O
TpwrokoMo ToTToBeTel éva Bapltepo @optio OTa
QVaTITUYPEVA KPATN KATW aTT6 TNV apXn ‘KOIVEG OMG
dlagopotroinuéveg eubiveg. Qatdoo, 1o Agkéuppio
Tou 2008 10 Eupwmaikd KoivoBoUAio evékpive pia
M0 auaTnpr| dEoun PETPWY, N otroia éyIve VOUOG ToV
loOvio Tou 2009. To TokéTo QUTd TPOTACEWY (A
‘odnyia 20-20-20'), Bétel aToX0UG OTNV Eupwraikr
‘Evwan yia 1o £€1og 2020 (ue £10¢ Baang 1o 1990): a)
Meiwon Twv EKTTOPTTIWV TWV YVWOTWY OgEPiwvV TOU
Beppokntiou Katd Touhdyiotov 20% KATw amd Ta



emimeda Tou 1990, B) Meiwon katd 20% Tng
katavéAwaong evépyelag e E.E. va mpoépyetal amod
avaveWaIpeG TYEC Kai y) Meiwon katd 20% o
XPAoN TIPWTOYEVOUG evépyelag g€ oUYKPION WE Ta
TrpoPAeTOpeva emiteda, PEow TG PeATiwoNg NG
evepyelakng amddoong.

3. MHXANEZ, AIEPTAZIEL & EPFAZOMENA
PEYZTA

O1  Bepuikég  unxavég  Aeimoupywvtag o€
Beppoduvapikd KUKAO, atroppo@olv BepudtnTa amo
éva Bepuodoyeio, PETaTpETOUV €va PEPOG TNG OF
HNXaviKO €pyo (TO OTT0IO €ival KaI N ATTOGTOAR TOUG),
evw amoBfalouv 10 umbhoimo autig Og  €va
puxpodoyeio. H  digpyacia  TpaAypATOTIOIEITA
TTapoudia KAToIoU PeUcToU TO OTTOI0 OVOMALETaI
‘epyaluevo peuaTd’ Kal Taidel 10 pdho Tou UAIkOU
@opéa NG Beppdmrag. H avriotpogn bdiepyaaia,
onAadr) n uetagopd BepudmTag oméd éva PECO
xapnAng Beppokpaaiag (wuypodoxeio) oe éva LEGo
uwnAAg Bepuokpaciag (Beppodoxeio), TTPOKEINEVOU
70 WéCO autd va OlarnpnBei o€ Beppokpacia
MIKPOTEPN a6 auTh Tou Bepudtepou TrEPIBAAAOVTOG,
ovopddetal  wogn  Kkai, omaiTEl oyl TV
Tpaydatomoincr; ¢ T damavn  PnxavikAg
evépyelag. H mo auvnBiopévn uéBodog wugng eival
auTh TG aTpoToinong Kamoiou uypoU (epyalduevo
PEUCTO) TO OTT0IO Kal £3W TTailel TOV PAAO TOU UAIKOU
@opéa TG OepuikAg evépyelag, aAAG kar@ v
avtioTpoen  gopd. H 1otopikf €&NE Twv
epyaloPEVWY PEUCTWV O€ BEPUIKEG KOl WUKTIKES
unxavég TEPINAUBAVEl TETOEPEIS VEVIEG, Ol OTIOIEC
Trapouaialovral até Zxfua 1.

/’//7
o / Tévapm yevia
_ 2010-
o Nayxoopia Béppavan
und./xap.0DP xau.GWP,
. HIKPA T UYNAR
Tpim yevia anoBoon
1990-2010s
- gia 670

| (HCFCs), HFCs, NH,,
H,0, HCs, CO,, ...

Sxfua 1. E&MEn twv wuktikwv pevatwv (Mnyn :
Calm, 2008)

Znuepa (TéTaptn yevid), n €mKpaTouga TaoN
TTPOTACTEI TN XPAGN KaI TV TTapaywyr epyalouevwy
QUOIKWY PEUCTWVY KAl YEVIKA OUCIWV Ol OTIOiEG va
ouppahouy  TpwTIOTWG, Katd TO gAdyIOTO OV
TepaItépw  evioxuan  Tou  Qaivouévou  Tou
OepuoknTriou kal TNV €makoGAoudn umepBEépuavan
TOU TAavATn, €vw Bewpeitar  dedopévn N N
OUHUETOX TOUG OTO QaIVOUEVO EAATTWANG Twv
OUYKEVIPWOEWY Tou 6OCovtog oTn  aTpatdoaipa
(Undeviko 1/ apeAntéo ODP, xaunhd GWP).

Omwg avagépbnke, 10 OGuVapIKG TrayKOOUIAg
umrepbéppavang (GWP) amoteAei éva deiktn g
OUMBOMIS Twv aepiwv Tou Bepuoknmiou oy
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gvioxuan Tou Gaivopévou (o€ oUyYKpIoT e T0 Baaiko
Beppokniakd aépio, 1o CO2). TNV ouaia, o deikTng
QUTOG  ETITPETIEL T METATPOTT TV XNMIKWV
EKTTOUTIOV  TWV  Qepiwv  Tou  Beppoknmiou  Oe
I0000vapeg ekmoutég CO2, umapyovtag €101 pia
koivj Baon mou va emTpéTEl TN OUYKPION TG
emidpaong/ouuBoAig Tou TO KaBéva Trapoudiadel
peTd Tnv TApodo €voG OIEUKPIVIOUEVOU XPOVIKOU
OlOOTAUOTOG, TO OT0i0  ATTOKAAEITAl  ‘XPOVIKAG
opiCovrag ohokAnpwang (Integration Time Horizon,
ITH), Tou ouvABwg n didpkeld TOU  eiva
ekatovtaetc. ToAd amd T1a  xpnaigotmoloUueva
peuotd  amotedolv  IoxupdTaTa  Ofpia TOU
BeppoknTriou, pE TPWTAYWVIOTEG TOUG GUVOETIKOUG
ahoyovavBpakes kal €I0IKOTEPA TOUG KOPETHEVOUS
udpoyovopbopdvOpakes (HFCs) va  amoteholv
ofpepa TV aixun Tou d6paTog, o€ OTI agopd Ta
Biounxavikhg  Tpoéheuong  Bepuoknmokd  aépia
(Fischer et al., 1991; Sand et al., 1997; AeBévn,
2008; AeBévtn kai Aautmpiveg, 2009).

Ta «kpimApia  €mAOYAG  WUKTIKWY — PEUCTWV
Tafivopolvial 0t BOCIKEG  KaTnyopieg  OTIWG
TEPIBAAOVTIKG, Bepuoduvapikd, ac@aleiag, TEXVIKA
KOl OIKOVOUIKG KpiTApid. XTa TEXVIKA KpITApIa
oupmepiAauBavovtal Kal ol OlIappoEG TOuG, Twv
OTTOiWV 01 apVNTIKEG ETTITITWOEIC TTAPOUCIAlovTal JE
TIEPIEKTIKO TPOTTO OTO ZXMMA 2.

ZupBAaMel Gueaa
otV kKAipariki
alayr

AUgnon damaviv Biappoil WuxTiKoy
(ouvtipnon, YukTiko,

IpeUpa, xpovog apyiag)

l Meiiveral n) amméBoon Tou GUGTAHATOS |

!

I Augdveral n KatavaAwon evépyeiag ]

4

Augdvovral of ekmoprég CO2
(o povada mapaywyAg NAEKTPIKAG evépyeiag)

[ ZupBaNker éppeoa am khipamki akAay |

2xfua 2. Emmwoeic ¢ O1appons  WUKTIKOU
peuorod (Mnyr : AdAag, 2010)

4, TO NMEPIBAAAONTIKO ANOTYNQMA

O o6pog ‘mepifarhovTikd  amoTUTTwua  EXEl
ETMKPOTACEI VA GNUAIVEl TO GUVOAO TWV EKTTOUTTWV
tou CO2 kar Twv UTOAOITTWV — CEpiwv  TOU
Beppoknmiou  (ekppacuéveg g€ 1G0DUVOES
moadTeg CO2) Tou ogeilovTal aTnv avBpwiroyevh
dpaatnpiémTa (Mavifou k.G., 2006; Wiedmann &
Minx, 2008) kai éxel Ty idla onpacia pe Tov yevikd
6po ‘mepifalovTikh  (avBpwTToyevrg) emidpaon’,
agoU  mepiypdQel TO €kAOTOTE OTOTEAETUA  TWV
avBpwmivwy  emdpdctwy  gTo  TEPIBAMoV  Kal,
ouvnBwg, amoteAei TepiBarrovTikd TPORANUA, dTTWG
T0 eVIOXUPEVO Parvopevo Tou OeppoknTiou.

O umohoyiopég  kar  n olykpion  Tou
TEPIBOAOVTIKOU  OTTOTUTIWWATOS  YiveTal  Jéow
Oiebviov - TpooeyyioTikwy  peBOGdwv. H  BéATIoT



xpfion Toug efaopahileTal 6tav XpnaigotolouvTal
yia TN OIEVEPYEID  OUYKPIOEWV  UEPOVWUEVWY
EYKATOOTACEWY 1| JEPWV KATIOIOU OUCTAPATOG (TT.X.
€ComAIoNOG  KAipaTiopoU)  kal  Oev  TTApPEXOUV
TANPOQopiEG  “yevikng  XpAoews. X KABe
TepimTwon, 10 medio avdAuong Ba mpémel va
opieTal kal va egeTdleTal Pe oagrveia, Aappdavovtag
uméyn TapdMnAa kai TIG €kAaTOTE aATTAITACEIS
(IPCCITEAP, 2005).

H ‘2uvohikf loodlvaun Emidpaon oty
Maykéopia Ofppavon’, ZIENO (Total Equivalent
Warming Impact, TEWI), amoteAei pia mpoagyyion n
oTIoia €XEl TO TTIO TIEPIOPICUEVO TTEDIO EPAPHOYAG,
agoU aoyoAeital pe TV OUVOAIKR €midpaan Tou
agkolv gtV evioxuan Tou Qaivoyévou Tou
Oepuoknmriou  epyaloueva  peuoTd  Wéoa  gTov
eomAioyo A Tv d1adiKadia aTNV 0TTOI0 GUPMETEXOUV
kard 1n Tepiodo Asimoupyiag aMd kal katd Tov
TOPOTTAIONG, OTIOU TA PEUCTA aQuUTA O¢  UEyaAo
TT0000TO TTPETTIEl VA AVAKTWVTAI, 0dEUOVTAG TTPOG
QvakUKAWGT Kal Emmavaypnaiuotoinan kai éx1 mpog
améppiyn oTo TepIBarov éTwg auyva oupBaivel. H
emidpaon Tou epyalouevou PEUCTOU PTTOpET va gival
7600 Guean, amod Tnv ameubeiag ameAeuBEpwar| Tou
otV atgoceaipd, 600 Kal £uuecn, Adyw Twv
dlapdépwv TogotATwy CO2 Tou ekAUOVTaI KaTd TN
Oladikaoia  Tapaywyng  TNG  EVEPYEIAG  TTOU
TPOQOdOTEI  TOV  OUyKEKpIPévo  eEomAioOd A
armoppo@dral amd 1 dladikacia (ZxAua 3). Eiva
KaTAAANAN  kal  XpAgIUn  yid  Ta  TIEQICOOTEPQ
ouoThdata,  Xwpic  Opwg va  egetadel TV
TEPIBAANOVTIKA €TTIOPACN KATA TNV TTOPACKEUR TOU
peuaTol 1 Tou €COTAICUOU, Kat@ TNV  OToia

umapyxouv  avetheykteg  ekmopmég  (fugitive
emissions) kai Quaika darmavartal evépyeia, n omoia
ovopddetal  evowparwuévn  evépyela  (embodied

energy) otnv eykardoTtaon. H evowpatwpévn autr
EVEPYEID TTPOKOAE] EUUETEG EKTTOUTTEG, TIOU PTTOPEI Va
gival  onuavTikég, OTWG Kal O  aVeEEAEYKTEG
EKTTONTTEG, YeyovoG TTOU 00fynae aTnv TTPOCEyyIon
¢ “KhipatikAag Amédoong atov Kukho Zwh¢” (Life
Cycle Climate Performance, LCCP).

ZIENS
(Zuvohikr) looduvapn
Emidpaon otnv
MNaykéopia Oéppavon)

2xnua 3. Or ouviorwoes tou Oeiktn TEWI (Mnyn :
Beeton et al., 2008)

KaravaAwon
EvEpyEIng

R

pevorol

Zmv LCCP pmopei va omokmBei pia o
ohokAnpwuévn  eikéva  Tng  emidpaong,  agol
mepihapBavel yia k&Be epyalOpevo  peuaTod  TIG
HEPIKEG €MIOPACEIS ATTO TNV TIAPACKEUN TOu, TNV
amoBikeuar Tou, TV TARPWON Tou e§0TTAIGNOU, TN
AerToupyia  kal  TIG  epyacie¢  ouviipnang  Kai
ETMIOKEUNG Tou €EOTTAIOMOU, KaBwg kal omd v
HEPIKY) avakTnon A ameAeuBépwaon Tou aTo TENOG TNG
Cwng Tou e¢otAigoU (TapotmAiguog). QaTégo, 1600
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n mpoaéyyian TEWI 6o kai n LCCP e¢etalouv pdvo
v KAigaTikh emidpaon. Autd eival Aoyikd yia TIg
TIEPITITWOEIG ATTOU N KUpia TrepIBarNovTIKA eTTidpaan
emnpeddel 1o KAipa.

H teAeutaia mpootyyion “Ektiunan tou KikAou
Zwng (Life Cycle Assessment, LCA) eival o
TIEPIEKTIKA  yIa TNV afloAdynon-ektiunon  Twv
TEPIBANAOVTIKWV EmMOPATEWV d10Qopwv
TEXVOAOYILY, EVW Eival CaQwe eupuTepn, d@ol
TrepIhapBavel Tig epIBaAAOVTIKEG EMOPACEIS KAl TWV
UTTOAOITIWV  EICPOWV-EKPOWY  TOU  GUCTAUATOG,
eMITAEOV eKEivV TTOU GUVOEOVTAI LE TNV AgITOoupyia.
H  pebBodoroyia  LCA  avamrixbnke  kau
gmonuomoindnke amé T oeipés 1SO14040 Twv
O1ebvwv TpotUTwy. Xapakmpiletal paAioTa wg pia
TTPOCEYYION “améd To Aikvo uéxpl Tov Tago”™ (from
cradle to grave), a@ou EekIva e T OUYKEVTPWOT TwV
TPWTWY UAWvV amd 1 I'n, yia 1 dnuioupyia Tou
TTPOIGVTOG A TOU £EOTTAIGHOU TTOU XPNOIUOTIOIEITAI OE
pia diadikagia i utmpeoia, evw TEAEIWVEl OTO
onueio o6mou OAa Ta UNIKG emoTpépouv aTn .
‘Era1, kabioTaral duvarr 1600 n TARPNG aTTOTiUNGN
TWV GUOOWPEUTIKWY TIEPIBAAOVTIKWY €TTIOPATEWY
mou amoppéouv amé GAa T oTadia {whg Evog
TPOiGVTOG, Hiag diadikaaiag A Yiag utnpeaiag (dnA.
Hiag TexvoAoyiag), 6ao kai n amotiunan 6Awv autwv
Twv aTadiwy (WG wg PG TV aAAnAetapTNaT TOU,
yeyovdg Tou anuaivel 611 n pia Acimoupyia odnyei
omv emdpevn (IPCC/TEAP, 2005; Mavilou «k.d.,
2006). Eival n povadikiy mpootyyion ou KaAUTITE
OAa Ta oTédia wAg, TepIExovTal OAES o1 Diadikaaieg
Kal TrepIBaAAOVTIKEG €mMIOPACEIG, aTTOTEAWVTAG £éva
XPAoIo  epyoAgio  yia T OUyKpIOn  Twv
TEPIBOAOVTIKWY €TIOPATEWY dUO A TTEPIOTOTEPWV
EVOMOKTIKWV TTPOIOVTWY, B100IKATIWY A UTNPECIWY,
BonBwvtag éral kai oy amokdAuyn acBevy
onueiwv, ot PeAtiwon Twv TPOIGVIWY, OTN
oUykpion We GANa evaAAaKTIKA TTPOTUTIO KOl OTNV
avelpean ekeivwv Twv (amapaitntwv) Adywv tou Ba
dikaiohoyolv Tn olaTaon dpdocwv (Mavifou K.q.,
2006; Kapayidvwng, 2010). Zto ZIxAua 4
amelkovifovial ol dI0QOPEG  PETASY Twv  TPIWV
peBddwv mpoaéyyiong TEWI, LCCP & LCA evig
€pyaloueEvou pEUaTOU Kal Tou E0TTAIGHOU GTO 0TT0i0
autéd TrepIEXETal Kai epyadeTal (Tm.x. Bepuikr pnxavh
aTpou 1 pia avtAia BeppéTnTag), dmou 10 GTAdI0 TG
mOavAG KOTAOTPOPAG TOU PEUCTOU QYVOEITAI OTTO TN
OTIyUl TTOU N aTTOTEAEOHATIKOTNTA TNG KUpaiveTal
a6 99-99.99%, yeyovag TTOU GUVETTAYETAI OUEANTEES
EKTTOUTIEG. O1 EUPETES EKTTOTTEG KATA TNV TTAPAYWYI
Trou €€e1dlel n LCA, axetiCovial e TIG TIPWTEG UAEG
yia TV Tapackeu peuaTol kai e¢otrhiguou. Eror,
DE cival o1 Gueoeg ekmoutég (n aAiwg dpeon
ouppoMd), |E o1 €éupeceg  ekTTouTEG  (EMuEDN
ouppoAn), FE o1 avegeheykteg ekmmoutég kai RIE ol
EKTTOUTIEG TNG EVOWHATWHEVNG EVEPYEIDG.

H mpootyyion LCCP pmopei va BewpnBei wg
utropéBodog tng LCA, evw n TEWI w¢ utropéBodog
m¢ LCCP, mou wotdoo Tapapével n Paciki,
divovtag Bapog atn Aeimoupyia Kai Tov TapomAIoNO
¢ eykaraoTaong. H mpoaéyyion mou emAéyeTal
KGBe @opd etaprdral ot peyaho Pabud amd TO



mAaicio péoa oTo omoio yivetal n ueAéTn. Edv ol
amaitoUpeves  TAnpo@opieg  oxetiovial  pe TG
emdpdoeig a1o KAiya evag apiBuol evaAAaKTIKWY
TTPOCEYYiTEWY, TTPOKEIUEVOU va EMITEUXOED KATI yia
70 KOIVWVIKO kaAo, Tote o LCCP kar TEWI
TIPOCEYYIOEIG €ival IKAVEC va TTAPEXOUV ETTOAPKI)
TAnpo@opnan. Qatdoo, pe T XPAON QUTWY TWV
Tpooeyyioewv Ba ayvonBolv OAe¢ o1 uTTOAOITTEG
TEPIBAANOVTIKEG €TMIOPACEIC TIC OTToiEG €CETAlEl N
LCA, umroBétovrag 611 autég Ba eivar TTapOUoIES yia
OAeg TIG evaMAakTIKEG TexvoMoyie. To id10 aupBaivel
kai petacl Twv LCCP kar TEWI : 6tav emAéyetal n
TEWI ayvoouvrar o1 emdpdoeig g LCCP, eite
emeidn eivar mapoépoieg (kard T olykpion peTagy
TEXVOAOYIWV) A/KOI APKETA WIKPEG (T€ OXEDN E QUTEG
mou efetdlel n TEWI) eite emeidf 1a dpia Tou
ouaThuarog KaAOmTovial TApwg amd v TEWI
(IPCC/TEAP, 2005).

TEWI (Total Equivalent Warming Impact) Aiappon)
|E iDE
LCCP (Life Cycle Climate Performance)

FE4RIE IE wDE
Aiappon~
L . Maponhiopog

LCA (Life Cycle Assessment)

.

Eppeoeg| ﬂ ]
exm karamy [ "\Napaokevn

napaywyn WukrikoU FE +RIE
Meragopa Peuorol

2xnua 4. Aiagopés ueraéd TEWI, LCCP & LCA
(Mnyn: Onishi et al., 2004)

Karaorpogn
ESomhiopou

O1 ouvBeTIKOi aAoyovAVBPAKES Kal YEVIKOTEPA Ta
opyavika epyaldpeva peuatd (CFCs, HCFCs, HFCs)
armoteAoUV EVWOEIG TTOU Xpnalyotrololvial o€ pia
TANBWPa EPAPUOYWY, OI OTOIEG BEV AVIKOUV HOVO
OTOvV TOpED TNG WUENG, Tou KMamiopoU Kai Tng
Tapaywyng nxavikig evépyelag pe Beppikr pnxavi
arpoU (6tmou ekei xpnaiyotmololvTal wg epyagdueva
PEUCTA), aMAG Kal aToug Topeig povwong (wg péoa
d16ykwaong), kaBapiopol péow BIOAUTWV KOl WG
TPowdNTIKA aépia. ZUPQwva Aoimdv 1600 pe TO
MpwtékoAo Tou Mbvipeah doo kai tou Kidro, ol
Traparévw Toueig Ba TPETEl va eAEyxovTal Kal ammé
10 dUo, piag kar xpnoiyotololv CFCs kair HCFCs.
Ouwg, 6oov  agopd Tov Topéa  WUEng  Kal
kKAipamiopoU, amd ™ otiyuy mou ta CFCs €xouv
karapynBei kai Ta HCFCs Bpigkoviar g Tmepiodo
OTadIOKAG TOUG  KATAPYNONG, O XWPOS autdg
eMéyxeral pévo amé 1o MpwrdkoAro Tou Kidto, agou
10 HFCs amoteholv 10%upd aépia Tou BepuoknTTiou,
Xwpig autd va onuaivel 61t Ta CFCs kai Ta HCFCs
Oev amoteholv, oMdG amAd@ dev xpnaipotololvTal
mAéov | amogelyetal n xpAon Toug (Fischer et al.,
1991).

Mpokelyévou va utrohoyioTel, olpGwva pe TV
mpootyyion TEWI, 1o mepiBaliovTiké amotimwya
ToU €COTTAIGHOU () piag d1adIkagiag) TTou TEPIEXEI
KQl XPNOIWOTIOIET yia TN A&iToupyia Tou GuvBeTIkoUg
ahoyovavBpakes (10iwg  @BopdvBpakes-HFCs  kai
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HFOs) émwg eival T.X. o1 avThieg BepudTnTag, mpEmel
va utroAoyiotolv n éueon oupfoAn Toug oTnv
maykéopia  Béppavon, AMyw TG €khuong otnv
aTHOCQAIPa TWV EPYOCOUEVWY (WUKTIKWY) PEUCTWV
Kat@ 70 0TAdI0 TG XPACIUNG SIAPKEIOS (WhG TOUG
(d10ppoég) Kal To aTAdI0 TTAPOTTAIONOU TOUG, aAAG
Kal n éupeon oupPoAn, péow Tou CO2 TOU
omeAeubepwveral  yia TV Tapaywyy TG
OTTQUTOUMEVNG NAEKTPIKAG EVEPYEIOS TTOU TPOPODOTEI
70 TApamdvw CcuoTAYata katd 1o OTadI0 TNG
xpAoiung didipkeiag (wig Toug (Sand et al., 1997).
Mpokeiyévou of 000  autéC  OUMPOAES  va
ouvdudlovtal pe €ukohia, n  dGuean  ouppoAq
ekgpadetal o€ 100d0vapeg moaotnTeg CO2, pécw TOU
Oeiktn GWP. Térte, eUkoAa utopei va guvouaaTei e
v éuueon amd i ekmoptég CO2, pe ammoTEAEOA N
ouvduaopévn | OUVOAIKA EKTIUWHEVN TUMBOAR TOUg
(ZxAua 3) va amoteAei kar TNV ‘Luvohikh lgoduvaun
Emidpaon omv Tlaykdopia Oépuavon’ (TEWI)
(Fischer et al., 1991), amoteAwvTag aTnv ougia évav
Oeiktn Tou ekQPAdel To PETPO Tou TrEPIBAAAOVTIKOU
OTTOTUTIWHATOS OUCIWV TTOU aTroTeAolV aépia Tou
BeppoknTTiou Kal xpnaipoTroiouvTal amd éva mpoidv,
pia dladikacia f pia Texvoloyia, Bonbwvtag £ral
oV TIPOOTIABeld TTOOOTIKOTIOINONG  TOU
TEQIBAAAOVTIKOU  OTTOTUTIWMATOS TOUG Kal EXOVTOG
TopdMnAa  wg o160 TV TUTTOTTOINGN  TOU
utroAoyiapou Tou (IPCC/TEAP, 2005).

O mepiBarhovrikdg deikmg TEWI, doov agopd
TG €QapUoyéG WE  xphon avthiag  Bepupdtnrag
(B¢puavan, witn, &npavan, avakmnon/avapadunon
BepuIkNG evEpYEIg) 1 TIG EQPHOYES TTapaywWYNg
HNXAVIKAG evépyelag pe aTpounyavr Rankine, eivai
TavTote éva XpAOIo epyaAeio yia Tnv agloAdynan
kar T aOykpion d1aopwv TEXVOAOYIWY, KATTOIEG €K
TWV OTOiWwv  JTTOopEl  va v XPNOIUOTToIoUV
@BopavBpakeg  kar o1 omoieg  ovopdldovtal
XapakmploTika “rexvohoyie¢ aAhou €idoug” (Not In
Kind technologies, NIK) (Fischer et al., 1994). e
QUTEG QVAKOUV Ol WUKTIKEG HNXAVEG GCUMTTIEDNS
OTHWY  QUOIKWY  WUKTIKWY  PEUCTWV  (Oppwvia,
udpoyovavepakeg, diogeidio Tou dvBpaka, K.A.1T.), ol
WUKTIKEG  unxavég  pdenong, o  €COTMIOTIKAG
0poaiopdg, n BepponhekTpikr Wi, K.a. AKOWN,
pmopolv  va  ouykpiBolv Kol Texvoloyieg  Tou
XPNOIPOTIOI0UV GUUBATIKEG EVEPYEIOKES TINYEG BTTWG
TETPEAQIO, QUOIKS aEpIo, AVBPOKA K.0.K. XE AUTEG TIG
TIEPITITWOEIG, Ol TeXvohoyieg autég Trapouaialouv
unOevIKA Guean OUMPOA) kal auté ToU kar oudia
OUYKpIveTal €ival n éupean ouppoAn Toug (e Tov
evOedelyUévo yia Tnv kGBe pia TpOTTO UTTOAOYIGHOU
mg).

Emiong, o deiking  TEWI  pmopei  va
xpnoigomoindei  yia v eAayigTomoingn  Twv
KAIPATIKWY ETITITWOEWY TTOU TTAPOUaIalouv ol Aon
UTTAPXOUTEG 1) EYKATEOTNMEVEG TEXVOAOYIEG, EVy Jia
1Id10itepa TTOAUTIPN €@ApUOyr Tou gival katd Tnv
KOTaoKEUp 1 avakaivion  aypoTopiounyavikwy
KTnpiwv, étmou ptmopel va d1eukoAlvel aTnv eTTAoyn
TOU TPOTIOU BEPPavVaNG-Opoaiapol Toug. Qatdao Ba
mpémel va e&etadetal udAov  ouykpimikG, Tapd
omoAuta, agol katd Tov  uTTOAOyIOM6  TOU



umreloépxovtal  TTaPadoxég  TIOU  EUTIEPIEXOUV
onuavtikd Babud apepaidtrag (Sand et al., 1997;
IPCC/TEAP, 2005).
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EMIAPAZH THZ PYMANZHZ ME AAPANEIZ KONEIZ 2TH AIAGEZIMH HAIAKH AKTINOBOAIA KAI TH
OEPMOKPAZIA ®YAAQN POAAKINIAZ

Nepoepovn MaAétoika?, NikoAaog KarooUAag? kai Mewpyiog A. Ndvog!
"EpyacTipio Aevdpokopiag, Turua Mewtoviag PuTikng Mapaywyns kar Aypotikou MepiBaihoviog, MavemiaTiyio
Oeoaahiag, 086¢ Putokou, Néa lwvia Mayvnaoiag, T.K. 38446
2EpyacTipio Mewpyikwv Kartaokeuwv kai EAEyxou MepiBarhovtog, TuApa Mewmoviag Gutikig Mapaywyng kai
AyportikoU MepiBaMrovrog, Mavematiuio Ocoaahiag, 066¢ Putdkou, Néa lwvia Mayvnaiag, T.K. 38446
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MeAetrhBnke n emmidpacn Twv kOvewv KaoAivn, TaIPEVTOU Kal EDAPOUG WG PUTTAVTIWY g€ dévTpa PodaKIVIAs, atn
0100ea1u6TNTA GWTOS OTO BEVTPO Kal OTn Beppokpaaia QUAAOU Kal KapTToU. Z& avetrTuypéva dévipa podaKIvIag cv.
Royal Glory epapuéotnkav kbveig Taipéviou f edagoug i SidAupa eUTTOPIKOU OKEUAOUOTOS KAOAivn TrEPIOBIKG aTTd
0V lovIo éwg Tov ZemTépPpio. MeTprBnkav n TTPOOTTITITOUCA KaI AVOKAWHEVN QWTOOUVBETIKA evepyds akTivoBoAia
(PEA) kai n umrepiwdng nAiakn aktivoBoAia (UV), n axéan moadtntag kdvewg kai diepxduevng GEA kai UV kai n
nuepnala mopeia Tng Beppokpaaiag @UAAou Kai kaptroU kard Ta €m 2010 kai 2011. H drapgn Tou KaoAivn gaiveral
va peiwae onupavtikG 1 O1abéaiun aTo ekteBeIdévo aTtov AAI0 QUANO Kal va BeATiwae TOUAAYIOTOV WEPIKA TN
d106¢a1un aTo eowtepIkG TG KAUNG nAiakr| akTivoBoAia. Mapdpoia amoteAéauaTa Bpédnkav Kai améd v UTrapgn g
kOvewg Talgéviou i edagoug ata @UAAa alG o€ piIkpOTEPO PaBud amd Tov kaoAivn. H epapuoyh kaoAivn oTig
POdaKIVIEG TIPOKGAEDE pEiWaN TNG Bepuokpaaiag GUAAOU kaTd TIC WPES TNG NUEPAg Kal OxI TG VUKTAG OE OXEQN e
70 QUAAD TOU pdpTUPa Kal eV PEPEI, Jeiwan Tng Bepuokpaaiag Twv UMWY ae axéon pe Tov aépa. Autd OQeileTal
oTn okiagn Tou TTPOKOAEI N UTTapén TG KOVEWS aTNV ETTIQAVEID TOU QUANOU. H Qapuoyr TwV pUTIAVTWY KOVEWY
TO1pEVTOU Kal €dA@oug dev TpotroTioinae T Beppokpaaia ¢UAAOU, kaBwg n peiwan Tou S1IaBETIHOU WTES Adyw Twv
kOvewv otnv em@dveia Twv QUAAwY, ATav pikpr|. Akoua, n Beppokpaaia kaptol Tapouaia kvewv ATav Tapduoia
ue Tn Beppokpaaia aépa Kai Tn BepUOKpaTia Twv KOPTTWY Tou UAPTUPa, EKTOS OTTO TOUG KaPTTOUG TToU WekaaBnkav
HE KaoAivn, éTTou n) BeppoKpaaia Toug UEIBNKE GE GXETN e TOV PApPTUPOL.

Nééeis kAe1bid: Prunus persica, KooAivng, aiwpoUpeva owpatidla, QwToouvBeTIKA €evepyog akTivoBoAia, UV
akTIvOBOAia

EFFECT OF CONTAMINATION WITH INERT DUSTS ON AVAILABLE SOLAR RADIATION AND LEAF
TEMPERATURE OF PEACH TREES

Persefoni Maletsika’, Nikolaos Katsoulas? and George D. Nanos'
1 Laboratory of Pomology, School of Agricultural Sciences, University of Thessaly, Fitoko Str, N. lonia, Magnesia,
GR-38446, Greece
2L aboratory of Agricultural Constructions and Environmental Control, School of Agricultural Sciences, University of
Thessaly, Fitoko Str, N. lonia, Magnesia, GR-38446, Greece
pmalets@yahoo.gr, nkatsoul@uth.gr, gnanos@agr.uth.gr

The effect of kaolin, soil and cement dusts as contaminants on the available light and leaf and fruit temperature
of peach trees was studied. On mature peach trees, cv. Royal Glory, kaolin or cement or soil dusts periodically from
June to September were applied. The measurements included the incident and reflected photosynthetically active
radiation (PAR) and ultraviolet radiation (UV), the relationship between dust quantity on leaf surface and PAR and
UV transmission, and the diurnal leaf and fruit temperature during the years 2010 and 2011. Kaolin application
significantly decreased the available PAR and UV to the leaf and improved the available light inside the tree canopy.
Similar results, but less intense, were found for cement or soil dust application compared to kaolin application. Kaolin
application on peach trees decreased the leaf temperature during the day, but not at night compared to control and
partly decreased the leaf temperature compared to ambient temperature. This reduction is associated with the shade
effect caused by dust accumulation on leaf surface. The application of cement and soil dusts on peach trees did not
alter leaf temperature, even though the available light to the leaf decreased, due to the presence of dusts on leaf
surface. In addition, peach fruit contaminated with cement and soil dusts had similar temperature with control fruit,
while peach fruit sprayed with kaolin had lower temperature than control fruit.

Keywords: Prunus persica, kaolin, particulate matter, photosynthetically active radiation, UV radiation

1. EIZArQrd pey@Ao PaBudé amd TV EKTTOUTT QIWEOUMEVWY

Ta aiwpolyeva cwparidla  amotedolv  Eva owyaTdiwy  Katd T PAACTIKA  avaTITugn  Twv
ONUAVTIKO TTAPAyovVTa aTHOaPAIPIKAG pUTTAVGNG TTOU QUMOBOAWY oTTwpo@dpwy. Eva onpaviikd péPog
ouvdéeTal Je TTARBOG EMTITWOEWY TNV AvVBPWTTIVN TWV alwpoUpevwy cwuatidiwy amoteAoly kai ol
uyeia kai 1o TrEpIBAAAov (Farmer 1993; Grantz et al., koveig. O kdveig amoteAolvtal amd pikpd aTeped
2003). H xwpa pag Adyw Tou &npoBeppikol KAiparog owyaTidla e agpodUVAIKI SIGUETPO TTOU KUNIVETAl
KOl TWV PEIWPEVWV BPOXOTITWOEWY ETIRapUVETAl GE omdé 1 éwg 100 pm Tou emkaBovral Adyw TOU
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Bapoug Toug o€ BAeG TIC eMIPAVEIES, AAG BUvavTal
Kal va peTagépovtal o€ oAU PeyAAEG aTToOTACEIS
amo OV 1610 dnuioupyiag TOUG
(WHO/SDE/OEH/99.14).

Ta owpatidia Twv KOVEWV EXOUV EiTE QUOIKA
KoTaywy) OTTWG  AEPOMETAPEPOEVN  KOVIG  OTTd
epAMOUG iTe TTPOEPXOVTAI OTTO AvOPWTTOYEVEIG TINYES
oTwg N A0QAATOTTPWLEVOUG dpdpoug,
avapdyAeuan Tou €0GPOUG, TaIHEVTORIOUNXAViEG Kal
Aartopeia. Ta gwyaridia Twv KOVEwv ETIKABovVTal GTO
UTTEQYEIO TUAWO TWV QUTWY Kal OTO €3aQOg Kal
MTTOPET VO £X0UV QUOIKEG KOl XNMIKEG ETIBPATEIS OE
autd (Farmer 1993; Grantz et al., 2003). O1 puoiIkég
€MOPACEIS TwV KOVEWV TTOU CUCOWPEEUOVTAI OTA
QUTA ouvdEovTal ME TN OKiaon TG EMQAVEINS TwWV
QUMWY Kal TWV KapTIWV JElwvovTag Tn diabéaiun
nAhiakf akTivoBoAia, KaBwS Kal pe To UTTAOKAPIOHA
TWv oTopatiwv ota QUM TrapepBaivoviag otnv
avrahayr agpiwv (Nanos and llias, 2007). EmimAéov
N OUCCWPEUCN [N OOPavVWY KOVEWV OTIG QUTIKEG
EMQAVEIES Kal TO €DAQOC UTTOPET va TTPOKAAEDE!
TOEIKOTNTA KOl TPOTTOTIOINGN NG avopyavng Bpéwng
Twv QuTwv (Mandre et al., 1999).

Kamoleg  kOvelig  xpnoigotoiolvial  yia v
QVTINETWTTION €XBPWV Kal agBevelwv Twv QuTwY. Mo
OUYKEKPIMEVA, TO TEAEUTAION €T ETTEKTABNKE N XPAON
0t OEVOPOKOMIKEG KOAMIEPYEIEG TOU KOOAIVR, HE TN
popery Tou film owpamdiwy, yia T peiwon Twy
(nuiwv amd {wikoUg exBpoug (Karagounis et al.,
2006), aA\G xpnoipoTolEiTal KQI OTN MEIWON TNG
karamévnong amé akpaieg Bepuokpaaics (Glenn et
al., 2002). O kaohivng amoteAeital amd kaoAvimn
[AlsSiaO10(OH)s], éva Aeukd opukTd TnG apyihou,
OlaBéoipo  oe  un  Topwdn,  AETITOKOKKN,  Hn
dloykouuevn Ppéfiun OTO vePS EUTIOPIKA  LOPOK
(Glenn and Puterka, 2005).

ZKOTOG TNG epyaciag eival n  pehétn  Tng
€midpaong NG OUCCWPEUONG KaOAivn Kal Twv
kOvewv Talpéviou Kai €ddgoug atn diaBeaiudTTa
TOU QWTOG GTO dEVTPO Kal aTn Beppokpaaia GUAAOU
Kal KapTrou o€ dévtpa podaKIVIAG.

2. YNIKA KAl MEOOAOI

To meipapa OlevepynBnke aT0 AypOKTNUA TOU
MavemoTnuiou Geagahiag aTo BeAearivo, ae dévipa
podakiviag (Prunus persica L.), moikihiag ‘Royal
Glory’ oe umokeiyevo GF677. O1 amootdoeig
@uTeuong Twv dévtpwy gival 5,00 m x 1,75 m kai n
apdeuan yivetal pe atayoveg, e mapoxn 80 L h-t.
MNa v eeapuoyy KaoAivn xpEnoihoToIRdnke TO
okeUaopa SURROUND WP, kaoAivng 95% wiw. To
TOIPEVTO TTOU XpnolyoTToliBnke Taprxdn o€ TOTTIKA
Tolpevioflounyavia.  Ocov  agopd TV KovIv
eddgoug, €yive Aqyn eddgoug amd akaAiEpynTn
¢ktaon Tou  AypoktAupatog Tou  [MavemaTtnuiou
Oegoaliag, 10 omoio ¢npdbnke aoTtoug 80 °C «kal
aMéoTnke woTe va OIEABEI amd KOOKIVO dlapéTpou
500 pm. Or1 Kbveig TOIYEVIOU Kal  £BAQOUG
£QAPUOCTNKAY  OUOIOOPQA  WE  €TiTTAON, a®OU
mrponynBnke diaBpoxr TG KOung Twv dévipwy. Ol
KOVEIG EQappoOoTNKAV TTEPIOBIKA aTTd TOV l00VIo éwg
Tov Xemrépppio Ta €m 2010 kar 2011. Mia opdda
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Oévipwy oTa omoia Oev epapudoTnke ETiTTaAON
xpnoipotmolRdnkav wg udptupeg. Na Tt pérpnon g
Beppokpaciag @UAMou, emAéxBnkav d0o TTARPWS
QwrIl6ueva QUANa avd eTaxeipion otV KATW
EMPAVEIN TWV OTIOIWV KAl OTO KEVTPIKO VEUPO,
ToTroBETABNKAV BEPUOlelyn WG aITONTAPES PETPNONG
Beppokpaaiag (Skye Instruments, Powys, UK). Oi
peTpAOEIC Beppokpaaiag @UMou éyivav Kard TIG
nuepopnvies  13-25 louhiou 2010 kar  1-10
ZemrrepPpiou 2011. Tia T pétpnan Tng Beppokpagiag
kapmoU  €mAEBnkav  dU0  TIAPWS  QWTICOUEVOI
Kopmoi  ava  petaxeipion  kal ol - aloBnThpEg
TomroBetBnkav g€ B&Bog 3 mm amd TV EMPAvEID
Twv Kapmwv. O1 aigbntrpeg pétpnang Beppokpaaiag
ouvdEBnkav e kataypagikd 6pyavo Data logger, DL
2e (Delta-T Devices, Cambridge, England). Oi
HETPATEIC Beppokpaaiag Kapmou Eyivav kard To
XPovikd diaaTnua 6-14 louhiou 2011. MNa va perpnOei
n Olepxdpevn QwTooUVBETIKG evepyds akTivoBoAia
(PEA)  kar  umepiwdng  aktivoBohia  (UV),
KataokeudoTtnke €va tAaiolo diaotdocwy 40 cm x
40 cm. H pérpnon g QEA £yive pe 10 opntd
6pyavo Quantum Meter (Model LQS-QM, Spectrum
Technologies Inc, Plainfield, IL, USA) kai ekppaaTnke
o€ ymol m2 s'. To dpyavo diabérel pdpdo urKkoug 50
cm e TPEIC aIgbNnTAPES TToU IgaTéXouv. H pétpnan
g UV €yive ye 1o 6pyavo UV Meter (Model UVM,
Spectrum Technologies Inc) mou petpd Ta PAKN
KOuarog 250 nm - 400 nm kai ekppdaTnke og Pmol
m2 s, Y10 mAaiolo TomoBeTolvtav TAaoTikG film,
oTa otoia yIvéTav €Qapuoyn KaoAivn Kal KOVEwv
TOIPEVTOU Kal €DAPOUG O€ DIAQOPES TTOTOTNTEG, OANG
kar  mhaotik@  film  xwpic  kOvelg  TOU
xpnoigomoinenkav  wg papTupes. Apxika yivétav
pétpnon Twv GEA kai UV mou diamepvoloav 10
mAaoTIKG film -pdptupa kar apéowg petd yivétav
pétpnan g akTivoBoAiag Tou diamepvoloe To e
B1agopeTiky ToodtnTa Kévews KaBe @opd, film. O
D16QOopES TTOOATNTEG KOVEWV TTOU XPNaIoTToIBnkav
yia v kdAuywn Twv film, mTpocopoiwvouy TN
OUOOWPEUDTN TwV KOVEWV OTN QUTIKY ETTIQAVEID LE
v emavaAnTITikh epapuoyr Toug ota dévipa. Metd
TIG WETPAGEIC TNG akTIvoBoAiag, amd 1o KaBe film
Aappavovrav 1€aaepic aKoviauEvol diakol dlapéTpou
10 cm, ywvétav Myn TG KOVEWG WE MIa HIKPA
Bouptoa kal CUylopa TnG, yid TTOCOTIKOTIOINGN TNG
putavong. O avwtépw PETPAOEIC £yIvav Katd To
xpovikd diaomua 20-27 Auyouctou 2010. Me Ta
eopntd bpyava pétpnong Twv QEA kai UV,
HETPAONKE N TTPOCTTITITOUGA Kal N avakAwyevn PEA
kar UV akTivoBohia a1o @UANO kai GTnv KOPN Twv
Bévdpwy. H pérpnon g aktivoBoAiag otnv Kéun
¢yive o¢ k&Be BEvOpo TG KABe peTayeipiong kai n
pétpnan e akTivofodiag ato UM Eyive e d00
QUMa ava 0évopo TG kd&Be petayeipiong. O
perpnaeig eyivav atig 11 Auyouatou 2011 katd 10
xpovikd diaoTnua 10:00 pe 12:00.

3. ANOTEAEZIMATA
3.1 NpooTrimrouca kai avakAwypevn ®EA kai UV
oTNV KON Kai ato UAAO



Tnv Tepiodo Tou  TpayuatomoIénkav - ol
HETPATEIC akTIVOBOAIag n ToodTNTA TwV KAVEWV OTN
QUAIKA emipaveia Atav 242 pg cm2 yia Tov KaoAivn,
2045 pg cm2yia 1o TO1PEVTO Kal 1944 ug cm2 yia 10
£dagog.

H mpoomimmouca ®EA oTa dévipa podakividg
mou e@apudotnke KkaoAivng (Mivakag 1), Atav
eAAQPWS pIKPATEPN aTTO AUTH TOU UApTUPA, KOBWG N
avakAwpevn EA atmé Ta dEvTpa TTOU WeKATTNKAV HE
kaoAivn fAtav oAU uwnAdTepn (ITTAAGTIA) QUTAS Twv
OévTpwy Tou paptupa. Otav Ta G6évipa podakIviAg
déxtnkav kdveig Taluéviou 1 eddgoug (Mivakag 1), n
mpoaTrimrouca QEA fAtav Tapoduola e auTh Twv
Oévipwv Tou pdptupa. EmmAéov, ta dévipa Tou
Otxbnkav  KoOvelg TOlgéviou R €dAgoug  eixav
uynAdTepn avakAwpevn GEA (mrepimou katd 40%)
atoé Ta dévIpa ToU PAapTUpPa.

Mapéuoia armoteAéopara yia TNV AVOKAWHEVN
®EA Bpébnkav kar ot emimedo GUAou dtou TO
puttacuéva QUANa gixav uwnAdTepn avOKAWUEVN
®EA amé Ta @UMa Tou pdptupa kai 1d1aiTepa Ta
@UAa TToU ATav kaAuppéva e kaoAivn (Mivakag 1).

Mivakag 1. Méon mpoomimrouoa Kai avakAwuevn
®EA kai UV akrivofoAia otmv kéun kar oro guAo
Oévipwv  ToUu  udptupa  Kai  Oévipwv  TTOU
EQapu6oTnKav KaoAivng Kai KOVEIS TOIUEVTOU Kai
€bdpouc

Katd v  emavoAnmTiky  €QOpUoyR  KOVEWS
TOlpéviou N TOOOTNTA TNG KOVEWS avd povada
em@aveiag Kupavlnke amd 89 £wg 1692 pg cm2 kai
peiwoe T OEA amd 5% fwg 39% o€ oxéon e Tov
paprupa pe Tehikq diaBéoiun GEA ot QuTIKA
emoavela 1362 kar 870 pymol m2 s kal peiwoe
UV am6 7% éwg 45% o€ oxéon pe Tov YapTupa Je
TeAIkA d100éa1un UV ot QuTikr emigaveia 96 kai 57
pmol m2 s avrigToixa.

H emavaAnmmikg  e@appoyr kdvews edAPOUC
augnoe v TOOOGTNTA  KOVEWG ava  povdada
em@aveiag amd 61 éwg 1724 pg cm? kal kard
ouvémela peiwbnke n GEA amé 1% éwg 31% ot
oxéan pe Tov paptupa pe ek 6iabéaiun GEA o
QUTIKN em@aveia 1369 kai 991 ymol m2 s kai n UV
amé 6% Ewg 45% OUYKPITIKA PE TOV pAPTUPA E
TeNIKR B1a8éaiun UV atn euTikA emeaveia 96 kai 54
pmol m2 s avrigToixa.

3.3 Oeppokpacia pUAAoU

Tov loUAio 2010 n Wéan Bepuokpaaia @UANoU TO
elkogiTeTpawpo (Mivakag 2) dev €TMPedaTNKE OTIO
v 0mapén Tou KaoAivn kai ATav TTOPOUOIA PE AUTH
TOU papTupd (QUAa Xwpic KOVIV) Kal Tou aépa. AAG
N Héyiotn nuepnaola Bepuokpaaia QUANOU UEIWBNKE
amé mv Tapouaia Tou kaoAivn (kata 3,6 °C) ot
oxéon ME TOV MAPTUPA, Evw N eAaxioTn Oev
gmmpedoTnke (ta amoteAéopara dev gaivovral). Otav

Maprupag  Kaohivng _ Tompévio Edagog peAeTiBnkav XwpIoTd oI wpeg wrdg (08:00-20:00),
- ’waTOUUVGETIKC( £vEPYOG akTIvOBoAia (PEA) (umol m? ) BpéBnke OTI OTOV PAPTUPA N BeppoKpaaia PUANOU
pgf,ﬂ'ﬂéﬁff“ 1632464  1541#55 1657469 1637471 ATav eAaQPWS MO uwnAr amé T Bepuokpacia Tou
; aépa, evw oTov kaoAivn n Beppokpacia eUAAoU ATav
AVGKAGPEN 7.8 431279 96401 8648 pa, & KAOAMI] N BEPHOKPUOTA GUARAL Tt
ammé TV KON XaunAdtepn amd auth Tou PapTUPa Kal TTApGpoId T
AVKAOUEV 143065 9974072 178#152 15684 XapnAotepn Tou agpa.
atmo 10 PUAAO
Yepiwdng aktivoBoAia (UV) (umol m2 s+t , . ,
- LT, Bohia (V) (4 ) Mivakag 2. Méan 24wpn kai 1i¢ wpes 8:00-20:00 kai
MpooTmOUGA 410040 401203 103482  102:96 o ;
oV K6UN = = = = 20:00-8:00 OBepuokpaaia @uArou, oc Oévipa TOU
AvarApEVN 20408 66414 42404 3.1£0,9 UdpTupa kar e Gévipa mou GEXTNKAV KaoAivn
Qmo My Kopn Mdprupag KaoAivng E¢wrep.
ﬁg:ﬁfp‘:}m 105806 19215  120£21 10415 , , lodhiog 2010
Méon Bepu.@OMou (°C)  9g3,1 4 983414 207416
ava 24wpo
| H mpooTiimouoa UV akmivoBohia (Mivakag 1), Méon eg%HbgUonA-gg'(OC) 5415 326413  334%15
TIoU ATav 101aiTepa UYNAr, HeEIwBnke ehagpd oc dAa Qo 6:08-20:
T0 KOAUPPEVa pe KOVEIG DEvTpa aAAG anuavTikd povo Méon Bep. gUMOU (C) 55 9415 228+15 24716
HHIEVOL € KOVEIG OEVTP e i amb 20:00-8:00 S5, B, T,
aTNV TIEPITITWAON TOU KAoAivn. H avakAwpevn amé ta Zeméuppiog 2011
ésw’pa uv Arav sAgxlom oTov  pdptupa Kai Méon 6epp.guou () 42428 226421 253433
auéibnke amd v Omapén Twv KOVEwv OV | ava24wpo
, . , . Méan Bepp. @UMou (°C)
EMPAVEID TOU BEVTPOU Kall IDIAITEPA TOU KAOAIVN OTA a6 8:00-20:00 30,1£0,9 270811 29,8421
@UMa, o6mou n avakhwypevn UV éprace 10 1/5 Tng Méon Bepu. QuMou (°C)
TI0OGTITTTOUGT, amd 20:00-8:00 18,3¢1,4 185¢14 20312
3.2 AioBéaipn OEA xoi UV o1n QUTIKA emi@aveia Tov ZemmépPpio 2011 kai mAA n péon

O1 emavaAnTmikég eQapuoyég kaoAivn aténaav Tnv
TTO0OTNTA TWV UTTOAEINPATWY Kaohivn avd povada
em@avelag amd 46 éwg 1204 pg cm2, Ta omoia
odfynoav o€ peiwan g diaBéaiung GEA amd 5%
¢wg 43% oe oxéon de Tov PAPTUPA HE TENIKN
dia6éaipn PEA atn gutiki emeaveia 1371 kai 778
pmol m2 s+ kai ueiwan g UV amod 17% £wg 86% ae
oxéon pe Tov paptupa pe TehikA dlaBéoiun UV ot
QUTIKA em@avela 85 kal 15 ymol m2 s, avrioToia.
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Beppokpaaia @UANoU TO eikoaITeTpdwpo (Mivakag 2)
dev emmnpedotnke onuavtikd amé v Umap¢n Tou
KOoAivn oe oxéon pe Tov pdpTupa kal Tov aépa.
Omwg kai 10 2010, n péyiotn nueprola Beppokpacia
QUAOU PEIWBNKE aTTd TNV TTOPOUGia TOU KOOAivn
(katé 4,5 °C) o¢ oxéon Me TOV PAPTUPQ, EVW N
eAayiomn Oev emmnpedoTnke (Ta amoteAéopara Oev
@aivovtal). Kar@ Tig wpeg QwToS TOV ZETTEUPPIO
2011, 10 @QUAa TOU pApTUPa gixav TApduoIa
Beppokpaaia (Mivakag 2) pe auth Tou aépa, Evw Ta



QUM pe KaoAivn eixav onupavtikd XaunAotepn
Bepuokpacia amd Ta QUAAG Tou pAPTUPA Kal TOU
aépa. Téhog, TIG vukTepIvEG wpeg (20:00-08:00) n
Beppokpaaia ata @UAA Tou kaoAivn ATav Tapdpuoia
ME TO QUANG TOU pdpTUpa Kal XaunAGTEPN AUTAG TOU
aépa Kai TIg BUO XPOVIEG.

H mapouaia twv kbvewv Ta1gévTou 1) €8GQOUG OTa
QUA\a, Oev Tpotrotroince Tn uEon Bepuokpaaia
QUANou TO eIKoaITETPAWPO TOV loUuAio 2010 ot axéon
pE Ta QUAAG TOU papTUpa Kal We TN Bepuokpaaia
aépa (Mivakag 3). Kard mic wpeg ewtds (08:00-
20:00) ka1 TAAI o U0 avwTépw KOVEIG OEv
TpoToToingav TN Beppokpacia @UAou eite o€
oxéan pe 1 Beppokpaaia eUANoU Tou udpTUPa, EiTE
ue Tn Beppokpaaia Tou agpa. AvriBeta, Ta @UAAG Twv
TPIWV PETAXEIPITEWY Eixav XaunAGTEPn Bepuokpaaia
amd Tov aépa kard TIg VUKTEPIVES WpeG (20:00-08:00)
kard 1,2-1,6 °C.

Mivakac 3. Méan 24wpn kai 1i¢ wpes 8:00-20:00 kai
20:00-8:00 Bepuokpacia @UAMou ce Oévipa ToU
udprupa Kar o€ GEvipa TOU EQPAPUOOTNKAY KOVEIC
T01EVTOU KaI €0GQOUS

onuavtika 1 Bepuokpacia Toug (kard 3,3 °C) ot
oxéon Je Toug Kaptoug Tou pdptupa. EmimAéov n
Trapoudia  KaoAivn diatipnoe TN Bepuokpaaia
KapTroU KovTa O€ auTh Tng Beplokpaaiag Tou apa,
evw n Bepuokpacia Twv KApTIWV Tou pdpTUpa
augnonke kard 4,8 °C oe oxéon We T Beppokpacia
T0U aépa, Adyw TG uwnAig nMIakAg akTivoBoAiag Kal
MG uynM¢ moadtntag vepou Tou Kaptou (>80%)
(Mivakag 4).

Mivakag 4. Méan 24wpn kai 1i¢ wpes 8:00-20:00 kai
20:00-8:00 6epuokpadia kapmold ae Oévipa TOU
udptupa kai g€ Gévipa Tmou OéxTnKav KaoAivn Kai
KOVEIC TOIEVTOU Kal E0AQYOUS

Maptupag KaoAivng E¢wrep.

Méan 24wpn Bepy.
kaptou (°C)
Méaon Bepy. kaptrou (°C)
a6 8:00-20:00
Méan Bepy. kaptou (°C)

31,6+2,0 29,6+0,9 29,1%2,3

37,4+0,5 34,118 32,6+0,8

Méprupag Taipévro ‘Edagog E¢wrep.

armd 20:00-8:00 203 211 22/
Méprupag Taluévio E¢wrep.
Méan 24wpn Bepy. 27,9428 28,9423 30,5+2,4
kaptoU (°C)

Méan Bepy. kaptmou (°C) 34,7+1,0 35,840,3 36,310,7
a6 8:00-20:00

Méan Bepy. kaptou (°C) 20,2+1,1 19,8+1,1 22,6+0,9
am6 20:00-8:00

Méprupag ‘Edagog E¢wrep.

Méan 24wpn Bepy. 29,9+2,7 29,7+3,0 29,727
kaptoU (°C)
Méon Bepy. kapmou (°C) 36,140,3 36,1£0,4 35,2404
a6 8:00-20:00
Méan Bepy. kaptou (°C) 20,7+0,2 19,840,8 21,240,5
amé 20:00-8:00

louhiog 2010
Méan 24wpn 201419  200+20 288+17 29619
Bepp.@uUA. (°C)
Méan Bepy. @UA. (°C)
a6 800-20-00 338+16  337+16  333%13 33115
Méan Bepy. UA. (°C)
a5 200,800 23313 233+13 237412 24913
XemrépBplog 2011
Méan 24wpn 2316414 23413 23413 258+11
Bepu.@uUA. (°C)
Méan Bepy. @UA. (°C)
e 8.00-20:00 272423 28423 284423 31320
Méan Bepy. UA. (°C)
6 20.00.8:00 190417  185#1,7  185+17  204+13

Tov Zemmépppio 2011 n péon Beppokpaaia Twv
QUMWY TO €IKOOITETPAWPO HE KOVIV TOIUEVIOU
£ddgoug (Mivakag 3) Atav Tapduola PETALU Toug Kal
pe auth) Tou pdptupa. H péon Bepuokpaacia @UAAoU
T0 EIKOTITETPAWPO KAl TWV TPIWV PETAXEIPITEWY ATAV
onuavTika xaunAétepn (kard 2,4 °C) amd autr Tou
aépa TpoPavwg Adyw Tng diamvong. Kard Tig wpeg
QWTAE, N Uéan Beppokpaaio GUANOU TTapouadia Twv
kbvewv TOIUEVTOU A £dAQOUC ATV TTap6UoIa LETOEU
TOUG KOl e Ta QUAAG TOU PAPTUPA Kal ONUAVTIKA
xapnAotepn  (katd@ 2,9 fwg 4,1 °C) amd
Beppokpaaia Tou aépa. TEAg, n péan Bepuokpaaia
QUMOU KaTA TIC VUKTEPIVEG WPEG, ATavV €TTioNng
eAappd  xaunAotepn ota  QUANG OAwv  Twv
peTayelpiocwv  (xwpig dl0Qopég peTaly TOUG) OF
oxéan Je T Beppokpaaia Tou aépa.

3.4 Oeppokpacia kaptmol

H péon eikooimetpdwpn Beppokpacia  koptou
otV wpipavan (apxés louhiou 2011) opiakd poévo
HEIWONKE TTapouaia KaoAivn kal dev ETNPEEACTNKE
amé v UTrapgn Twv KOVEWV TOIPEVTOU Kal dAQPOUS
(Mivakag 4) ag oxéaon e Toug KapToug Tou pdpTtupa,
evw Oev TpoTToTroIRONKE O oxéon e T Beppokpacia
Tou aépa. Otav peAeiBnkav XwploTd ol WPES
QWTAE, N TTapouaia KaoAivn aToug KapToug, Ueiwae
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Emiong, katd TIC Wpeg QWTOG Ol KAPTIOi e
pUmavan Tolpéviou (Mivakag 4) eixav eAa@pwg
augnuévn Bepokpaadia ot oxéon PE TOUG KAPTTOUG
TOU PdpTUPA, EVW TOOO Ol KAPTIOI TOU JApTUpa GO0
Kal o1 KaAuppévol pe kOVIV TaIPéVTOoU gixav eEAa@PG
o XaunAfj Beppokpaacia amd auth Tou aépa. TEAOG,
TIG WPEG QWTOG oI Kaptoi pe pUTTavan KOVEWS
eddooug eixav Tapouola  Beppokpagia  pe  TOUG
KoptoUg TOU PApTUPA Kal Ol KapToi Twv 6Uo
ETAYEIPIOEWY eiyav ehagpd uwnAGTEPN
Beppokpacia kaptou améd auth Tou aépa. Meiwon
Mg Oepuokpaaiag kapmou (kard 1 €wg 2,8 °C)
Bpédnke ae ONeG TIC WETOXEIPIOEIC OE OXEQN HE TN
Beppokpaaia agpa, KaTd TIG VUKTEPIVES WPEG.

4. TYZHTHZH

H k@huyn Twv Oévipwy podakiviag pe Kaohivn
peiwoe v TpooTimTouca  kai  alénoe TV
avakAwpevn GEA kai UV aktivoPolia oty kbun Kai
0T0 GUAAO GUYKPITIKA e TOV papTupa. EmimAéov ol
EMAVOANTITIKEG  €QOPUOYEG  KaOAivh  peiwoav
onuavtika ™ diabéoiun ®EA kai UV aktivoBohia
oTIC QUTIKEG emQAveles. H Tapouadia kaoAivn ota
Oévipa peiwae T Bepuokpaaia @UAOU Kal KapTrou
o€ oxéon e Tov udpTupa Kal Tov aépd, Kupiwg TIg
WPES NG NUépPag ToU ETTIKPATOUV O UYNAGTEPES
Beppokpaacics. Opoiwg oe dévpa Tekdv n epapuoyn
KaoAivn peiwae T Bepuokpaaia Tou GUANOU  Kupiwg
TIG BePUOTEPEG WPEC NG NUEPAG, €V aUgnae TO
O100é010 QWG OTO €0WTEPIKG TG KOUNG  Twv



Oévtpwy, efaimiag NG augnuévng avakhaong g
akTivoBoAiag Tapouaia kaoAivn (Lombardini et al.,
2005). Or Glenn et al. (2003) umoaTnpilouv 611 n
eiwan TngG Bepuokpaagiag Tou ETMITUYXAvETAl aTNV
KOUN Kal 0TOUG KApTToUg WE TNV €QApHOyr KaoAivn,
gival 0 Bagikds pnxaviouodg yia T peiwon g
Bepuikng karamévnong. H peiwan g BeppIKAg
karamévnong ota BEvIpa pE KaoAivn, peiwae 1O
éEMelpga kopeapol ota UM kal  augnoe TN
oTOMaTIK  aywyluétnTa TwWv QUMWY ot dEvipa
unAIGg, e amoTéAeaa TV augnan TG agopoiwang
CO2 ge axéan e Ta dévipa Tou Yaptupa. EmimAéov,
N €QUPHUOYAR KOOAivn TipoTeiveTal  Kupiwg o€
&npoBeppika TepIBAMovTa We uwnAd emitreda QEA,
dlagpopeTikG udpyel kivduvog peiwang Tou pubuol
QwroaUvBeans Adyw okiaang (Glenn et al., 2003).
Téhog, n peiwon TG Bepuokpadiag o€ KapToug
pAhwv  kar n ougnuévn avakhaon ™G UV
akTivoBoAiag TTapouaia kaoAivn, BEEBNKe va PeIwVEl
ONUavTIKG TNV UuToRAduIoN TG TOIOTTAG TWV
kapmwv A6yw nhiakoU eykadpatog (Glenn et al.,
2002).

H epapuoyr kévewv Taigéviou kai eddgoug dev
TpoTroToingE TV TpoaTimouca PEA kai UV
aKTIVOBOAIa aTNV KOUN Twv dEVTpWwY O€ OXECN LE TO
paptupa, evw augnoe Tnv avakhwyevn GEA kai UV
oTnv  K6uUn kal 010 @QUAo.  EmmAéov ol
ETAVAANTITIKEG  €QAPUOYEG KOVEWV TOIUEVTOU KAl
£dd@oug peiwoav anuavtika Tn diabéaiun GEA kal
UV  akmivoBohia ot @umik  em@dveia.  H
OUOOWPEUDTN TWV KOVEWV TOIUEVTOU Kal €6GQOUC
ota @UAa Kal aToug KapToUg Oev METEROAE TN
Beppokpaaia Toug oe oxéaon We Tov PapTUpa, Tapd
HOVO OTNV TIEPITITWON TWV KAAUPPEVWY KOPTTWV WE
KOvIv  TOIUEVIOU TIoU  augfbnke  ehagpw¢ N
Beppokpaaia TOUG GUYKPITIKA PE TOV papTupd, TIG
wpeg ewtdg. Or Hirano et al. (1995) epdpuoocav
adpaveig kovelg ata @UANa ayyouplol Kol acoAiol
kar  OlamigTwoav  augnuévn  amoppdenan NG
TTPOCTTITITOUC QS OKTIVOBOAIOG atmd KATTOIEG KOVEIG, N
otoia augnae Tn Bepuokpaaia Tou @UANoU. BpéBnke
61, 600 IO OKOupdXpwUn ATAV N KOVIG, TOCO
uynAdtepn fATav n Bepuokpaaia Tou eUAOU Kal 600
TEPIOTOTEPN N ToooTNTa TN KOVEWS, TOOO
uwnAdtepn - Bepuokpacia. Emiong, 600 Tio
avolxtéxpwpn Arav n kévig, 1600 pIKPGTEPN ATAV N
dlapopd Beppokpaciag amd 10 pdptupa (<1 °C)
(Hirano et al., 1995). EmirAéov n Tapoucia KOVewg
TOIPEVTOU O€ QUTA KOAQUTIOKIOU peiwae 1O OEiKTN
avakhaoTikdmrag katd 10% o¢ oxéon pe Tov
HApTUPA Kal TO TTOGOOTO aUTO TNG akTIVOROAIag TTou
mapéueve, alénoe T Bepuokpacia 0T QUTIKA
emoedvela kata 1,5-2,5 °C (Anda, 1986).

5. LYMNEPAZMATA

H epapuoyr kaohivn oe Oévipa podakividg
BpéBdnke va pelwvel anuavtika Tn diabéaiun GEA kai
UV akrivoBohia ota @UANa, aMd n  auénuévn
avakhaon ™ ®EA kai g UV @aivetar va
avadiavéPEl TO Qw¢G OTO ECWTEPIKG TNG KOUNG Twv
OEvTpwy pe 6QEAOG OTO QWTIOUO Twv OKIALOUEVWY
QUMwv. EmmMov n peiwon g Beppokpaciag
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Trapouaia kaoAivn ata 6évipa 18IKA TIG BEpUOTEPES
WPES TG NUéPAg, @aivetal va PeIwvel Tn BepuIkA
KaTamovnon Twv SEVTpWY YEYOVOS TTOU WTTOpPED va
augnoel v agopoiwan Tou CO2 amd Ta UAAa Kal
VA HEIWOEI  TIC ATTWAEIEC OV EUTTOPEUCIUN
mapaywy  Adyw TG euedviong Tou nMiakol
eykauparog. ANMwaTe OTIG 1816TNTEG TOU  KOOAIvN
QVaQEPETAl N TTIPOCTATEUTIKA Tou dpdon Tpog Ta
QUNMa  woTe autd va AcitoupyoUv  QUGIOAOYIKG
(Glenn and Puterka, 2005).

H mapouaia Twv kdvewv TOIPEVTOU Kal €BAPOUS
opoiwg peiwoe T OlBéoiun  GEA ki UV
akTIivoBolia ota @UAAG, Xwpi¢ SpwS va T PEIWVEI
KATW amé 1o miTedo KOPETUOU Yia TN WTOoUVBEDN
Kal ev pépel augnoe v avakAwuevn PEA kar UV
akTivoBoAia. H epapuoyn Twv pUTTAVIWV KOVEWV
Tolpéviou  Kal  €ddgoug  dev  TpoTOTIOINGE TN
Beppokpacia @UAOU kal KapToU ge axéon He TO
papTUpa Kal guvettwg dev emiBapuvav ahAa oUTe Kal
peiwoav TN BepuikA  KATATIOVNGON TWV  QUTIKWY
opydvwv. Znuavtikh ival n okioon Tou TTPOKaAEi n
OUOOWPEUON TWV KOVEWV TOIYEVTOU Kal €8APOUS
aTn QUTIKA Em@AvEId Kal g guvduaoud Pe Tnv
Tayid  kpoUoTa TroU  dnuioupyolv  OTIG  QUTIKEG
ETMPAVEIEC UTTOPEI va EXOUV apvNTIKEG ETTITITWOEIS
OTIC  QUOIONOYIKEG  AciToupyiec  Twv  BEVTpwv
pOdaKIVIAG.
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Apart from the conventional mulching films and the biodegradable in soil and compost agricultural plastics,
polyethylene mulching films of controlled degradation in soil are already used in agriculture. The use of special
prooxidants as additives, accelerates the abiotic oxidation and the subsequent chain scission of the polymer under
specific UV-radiation or thermal degradation conditions, as highlighted in literature. The role of prooxidants in the
possible biodegradation of polyethylene has been theoretically supported by some researchers using controlled lab
conditions. However, in real soil conditions, the results are not supporting these claims and the issue remains
disputed. Mulching films made from linear low density polyethylene (LLDPE) with prooxidants after been used for one
cultivation period in an experimental field were buried under real field conditions. In parallel, LLDPE films with
prooxidants that were exposed in accelerated ageing conditions or in thermal degradation were exposed in soil burial
conditions with the aim of investigating the effect of the UV radiation, the high temperature and the burial conditions
in the degradation of the plastic material. This work presents the results of the mechanical properties degradation
and the chemical and physical changes of the plastic films buried for a period of 7 years.

Keywords: Mulching films; Polyethylene with pro-oxidants; UV artificial ageing; Degradation of plastics in soil

1. INTRODUCTION The additon of specialised pro-oxidants in
The growth of uncontrolled disposal of plastic polyethylene films formation, accelerates the
waste in the environment is a matter of great concern breakdown of polyethylene to very small fragments
leading to long-term environmental, health, economic (fragmentable materials) but biodegradability of such
and waste administration problems. Degradation of materials is strongly disputed (Feuilloley, 2004, Fritz,
plastic waste through various environmental friendly 2003, Thompson et al., 2004).
methods (e.g. biodegradation, compost) becomes an LLDPE mulching films with prooxidants were used
alternative to solve such problems. in watermelon cultivation in the experimental field of
Another kind of material developed the last AUA (Kyrikou et al., 2011). These films, following the
decades and introduced in the market, including the end of the cultivation period, were buried under real
application of mulching films, is the so called oxo- field conditions to investigate their long term
degradable plastics. In the case of mulching films, degradation behavior in the soil. In a parallel
polyethylene (PE) is adapted by additivating it with experiment samples of the same polyethylene films
pro-oxidants that control PE degradation. Oxo- with pro-oxidants, pre-treated by exposure to
degradable mulching films have already been accelerated UV radiation and high temperature and
introduced and used in agricultural applications not pre-treated, were buried in the soil of the same
(Bonora and Decorte, 2003, Scott and Gilead, 1995). experimental field. The degradation behaviour of the
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mulching films and pre-treated samples in soil for a
period of 7 years is presented.

2. MATERIALS & METHODS
2.1. Degradation under real cultivation conditions
The effect of natural degradation of the LLDPE-
P1 film on its subsequent degradation in soil
behaviour was investigated immediately after the end
of the cultivation season that lasted 6 months. The
degraded LLDPE-P1 mulching films along with the
plant remains were incorporated in the soil in an area
of 1 m2 of the field. These films are labelled “LLDPE-
P1-mulch”. The rest of the remains of the degraded
LLDPE-P1 mulching films were collected and buried
altogether in another separate designated area of 1
m?2 in the field. These films are denoted “LLDPE-P1-
massive. Following a 6 & 7-year period under natural
soil burial conditions, samples of these films were
removed to evaluate the long-term degradation.

2.2. Artificial degradation

Two sets of samples of the film LLDPE-P1 were
artificially aged in order to investigate in a controlled
way the effect of intensive artificial UV radiation and
temperature induced degradation on the behavior of
the film when exposed to real soil environment in the
same field. A first set of samples was exposed to an
artificial accelerated ageing apparatus with the
following characteristics: intensive UV radiation at
wavelength range 300-400 nm using a combination
of UV-A and UV-B types of lamps providing
respectively a strong radiation at wavelengths of 340
nm and 310 nm where polyethylene is sensitive
(BASF the chemical company). The system consisted
of 10 bulbs Philips TL 40W/12RS Medical UVB and
12 Philips Cleo Performance 40W broadband UVA
placed in a 1 m2 area in a staggering pattern.
Irradiation at the level of the samples was measured
at 45 Wim2,

Chamber Temperature: 50°C; No humidity. The
total exposure period was 1.1 months. This set of
samples is denoted as “UV degradation”. A second
set of samples was exposed to artificial thermal
ageing (oven temperature: 50°C). The exposure
period was 1.1 months. This set of samples is
denoted as “Thermal degradation”.

In total, 12 film samples, approx. 2 g each,
embedded in a 3 kg mass of sieved (2 mm) soil taken
from the experimental field, were placed inside 12
pouches made of PP net (dimensions of rectangular
voids of the net: 0.35 mmx1 mm). The pouches with
the soil and the samples inside were buried in the
experimental field. This experiment consisted of 4
recalls (series of different exposure time) with 3
different samples/recall: untreated PE mulching film
(LLDPE-P1 untreated sample), pre-treated LLDPE-
P1 film in an oven at 50°C for 800 h (LLDPE-P1
oven-treated sample) and artificially aged LLDPE-P1
film exposed for 800 h (~5 weeks) to accelerated UV
radiation (LLDPE-P1 UV-treated sample).

2.3. Methods of analysis and testing
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The samples recovered from the soil burial at
predefined intervals were analyzed for changes in
mechanical and chemical properties by a series of
mechanical tests, Differential Scanning Calorimetry
(DSC) and FTIR-Spectrometry. The mechanical
(tensile) properties of non fragmented samples were
measured using an INSTRON testing machine Model
4204 following the standard EN 1SO 527-3 (or ASTM
D882). The thermal properties of all the tested
samples were analyzed by a Perkin Elmer Pyris 6
DSC calibrated with Indium. Thermograms of 155
mg samples of the plastic were recorded using three
cycles: (a) equilibrating at - 5°C, (b) heating from -5 to
200°C at 10 "C/min (c) cooling from 200 to -5°C at 10
°C/min. Mid infrared spectra (mid IR region, between
4000 cm~1 and 400 cm-') were measured at NHRF,
on an FTIR spectrometer - Equinox 55 by Bruker
Optics - by single reflection diamond ATR
spectroscopy. All spectra have been measured with a
resolution of 2 cm-!, and a zero filling interpolation
factor of 2. The mid IR spectra were referenced
against air. The frequency range was 525 cm-' - 5000
cm-'. Mid infrared spectra was run at AUA on an FTIR
spectrometer Tensor 27 by Bruker Optics by single
reflection diamond ATR spectroscopy.

2.3. Recovery of sample fragments

The recovered “LLDPE-P1 untreated” and the
majority of the “LLDPE-P1 oven treated” series of
samples (19, 69, 82 months of exposure in soil burial
conditions) were easily separated from the soil as the
films were found almost intact. Half of the “LLDPE-P1
oven-treated” sample of 31 months of exposure, as
well as the recovered “LLDPE-P1 UV treated” samples
of all series were found fragmented into small pieces.
In these cases, a special separation procedure was
introduced for collecting the small fragments from the
soil as follows:

A solution of glycerol-water 90 g glucose in 10 g
water by weight (90/10) (1t recall), or with the ratio
16/500 (glucose/water) (2, 3 and 4t recalls) was
added to the mixture (soil-plastic). The mixture was
stirred for about 5 min. The visible floating fragments
were collected. Then, the supernatant (liquid phase
above soil) was filtered in a ‘gooch’ crucible (porosity
2) to be filtered. This procedure was repeated until no
visible plastic (black) fragments were left. After the
separation, the larger fragments were washed with
diluted water carefully in order to remove the soil
adhered on them. Subsequently, the fragments were
placed on a petri-dish and dried in the oven at 104°C
for 2 h. After cooling at ambient temperature all
collected plastic fragments from the specific sample
were consolidated and weighed.

In the case of the LLDPE-P1 UV-treated sample
after 82 months in the field, no plastic fragments could
be distinguished inside the pouch through visible
observation or the separation procedure described
above. Characteristic smaller plastics were finally
collected by means of electrostatic pincers. Such tiny
pieces were found in dimensions of less than 500 um,
very difficult to be traced and even more difficult to be



collected. Even smaller fragments could be identified
only by means of a microscope.

3. RESULTS & DISCUSSION
3.1 Evolution of critical mechanical properties

Figure 1 shows the evolution of the elongation at
break of the LLDPE-P1 film (two layers used: upper
and lower layers: 1, 2) before and after the cultivation
period (Kyrikou I. et al., 2011) and after the soil burial
of the degraded films for 69 & 82 months in the field.
The elongation at break & in the parallel direction
after the end of the cultivation period exhibited a
deduction of 46,2% and 73,75% in the cases of
LLDPE-P1-1 and LLDPE-P1-2 films, respectively.
The reduction of &, was measured at 81% and 69,7%
for the LLDPE-P1-mulch and LLDPE-P1-massive
samples, respectively, buried for 69 months that was
further decreased to 83,9% and 71,1% after 82
months in the soil. In the transverse direction, &b
presented a high decrease of 72,8% and 83,7% in
the case of the LLDPE-P1-mulch film buried for 69
months and 82 months correspondingly. The LLDPE-
P1-massive collected films showed a decrease of
89,2% after 82 months.
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Figure 1 Elongation a b{re)ak %) of LLDPE-P1-1 and
LLDPE-P1-2 mulching films before and after the
cultivation period and of the “LLDPE-P1-mulch” and
“LLDPE-P1-massive” samples after soil barial for 69

& 82 months; (a) parallel; (b) transverse direction

Figure 2 depicts the evolution of the elongation at
break of the LLDPE-P1 samples during the artificial
UV and oven ageing pre-treatment phases (Kyrikou |.
et al., 2011), as well as during the long term soil-
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burial phase. The samples exposed to accelerated UV
ageing were fragmented when recovered from soil and
no mechanical tests could be performed.

The elongation at break in the parallel direction,
showed a reduction of 72,41% and 68,75% after 0,9
months of exposure in the UV and oven-ageing
process correspondingly. During the soil burial
exposure maximum losses of 75.86% were recorded
for ey after 82 months for the case of the untreated
films. For the case of the oven treated series, no
further significant changes were noted. In the
transverse direction, 5r exhibited a decline of 74.87%
for the untreated series after 82 months and a
decrease of 82.49% for the oven-treated series after
69 months in the soil conditions.
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Figure 2. Elongation at bidhk (%) of LLDPE-P1 films
during the artificial and oven ageing and during the
soil burial experiment (a) in parallel and (b) in
transverse direction

3.2 Evolution of the Thermal Properties through
DSC Measurements

Figure 3 shows the crystallinity values of the
LLDPE-P1 mulching films tested before their use,
during their application in the experimental field and
after their burial in the soil for 6-7 years.

It is shown that the mulching films (LLDPE-P1-1,2)
presented a gradual increase of their crystallinity
during their application at the field. The increase of the
crystallinity of LLDPE material containing prooxidants
during its exposure to UV radiation is also stated in the
work of (Roy et al, 2008) where accelerated
photodegradation studies were performed on LLDPE
samples containing cobalt stearate. Due to the fact
that LLDPE is a semicrystalline polymer in which the



polymeric chains pass through both the crystalline
and amorphous regions, and due to the gradual
depletion of the amorphous phase, the crystallinity
presented an increase during the photodegradation
process.

The crystallinity values of the samples from the
two series “LLDPE-P1-mulch”, “LLDPE-P1-massive”
is shown to remain almost unchanged after the soil
burial period for 69 months retaining the same values
that were reached after the application in the
cultivation for 11 weeks. However they show a ~36%
decrease in their initial crystallinity values from the
69t to the 82nd month of soil burial (13 months).
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Figure 3 Evolution of crystallinity values of LLDPE-P1
samples before, during the exposure in the field and
after their burial for 69 and 82 monts in the soil

Figure 4 shows the progress of the crystallinity
values based on DSC measurements of the films
during the artificial ageing procedure (Kyrikou |. et al.,
2011), in correlation to the corresponding values
measured during the soil burial exposure, up to 82
months. A gradual increase is observed during the
UV degradation of the material. A similar, but
stronger, trend was noted as a result of photo-
degradation of the LLDPE-P1 films during the
cultivation period (natural ageing) that took place in
the framework of the field experiments (Figure 3).
This increase in crystallinity has been associated in
the literature with a simultaneous decrease in the
average molecular weight of the exposed samples
(Koutny et al., 2006; Viswanath, 2010; Torikai, 1994).
It is also correlated to the degradation of the
mechanical properties of the tested materials during
the cultivation period (Kyrikou et al., 2011) also
confirmed by analogous research results reported in
the literature (Koutny et al., 2006; Viswanath, 2010;
Torikai, 1994). Likewise, characterization of LLDPE
films containing pro-oxidant samples by DSC after 93
days of sunlight exposure showed a slight increase in
their crystallinity in comparison to unexposed
samples (Corti et al., 2010). Evidently, sunlight-
induced ageing oxidized these films producing lower
molecular weight products. Because oxidation is
primarily confined to the amorphous portion of the
polymer matrix, the remainder of the polymer is more
susceptible to molecular reorganization which may
explain the increase in the crystallinity of the pro-
oxidant containing photo-oxidized films.
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Additionally, a continuing increasing trend of the
crystallinity is observed for the three series of the films
during their exposure in burial conditions until the 69
month and then there is a decrease after 82 months
(similar to the one of the films exposed first to
cultivation conditions). The series of samples that
were pre-treated in the UV apparatus for 800 h (1,1
months), exhibited higher crystallinity per 28% when
compared to the unexposed to the UV degradation
samples. Identical behavior was recorded in the case
of the crystallinity values of “LLDPE-P1-mulch” and
“‘LLDPE-P1-massive” samples during their soil burial
for 69 and 82 months following their exposure in
natural ageing as shown in Figure 3.
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Figure 4 Crystallinity values of the LLDPE-P1
mulching films based on DSC measurements during
the artificial ageing procedure and during the soil
burial exposure up to 82 months

3.3 Identification of chemical composition
changes through FTIR Spectroscopy

It is known that the infrared spectra of LLDPE
samples under UV irradiation show that the carbonyl
region 1850 cm'- 1675 cm-! consistent with a mixture
of carboxylic acid and ketone species, increases in
most cases (Tidjani, 2000).

The carbonyl index (Cl) of the spectra was defined
in this work as the ratio of carbonyl to methylene
absorbance and was used to express the
concentration levels of carbonyl compounds measured
by FTIR-ATR. The Cl was calculated as the ratio of
the optical density of the carbonyl absorption band at
1714 cm' over the optical density of the methylene
absorption band at 1462 c¢m-' (CH2 scissoring peak)
(Koutny et al., 2008; Abrusci et al., 2011; Kalus, 2007;
Sangwan & Dean, 2011).

The carbonyl index of the LLDPE-P1 mulching
films during the cultivation experiment exhibited a
continuously increasing trend till the 6% week (total
duration of experiment: 11 weeks) (Kyrikou et al.,
2011). After the soil burial of these films for 6-7 years,
the carbonyl index of the samples was zeroed. It
appears that the carbonyl species disappear during
the soil burial period, despite that the samples show
serious degradation but no disintegration signs.

FTIR-ATR spectra run on the untreated and oven-
treated series of LLDPE-P1 films and then exposed in
the soil for 19, 31, 69 and 82 months showed identical
absorption peaks (i.e. no change in chemical
structure) at 2900, 2800 cm (C-H stretching



vibrations of polyethylene), 1470, 1460, 1370 cm-!
(methylene group scissoring and bending vibrations -
CHz in polyethylene) and 730 and 718-720cm-! (CH2
rocking modes in polyethylene) (Western Washington
University, Spectra Analysis Instruments, Krimm et
al., 1956). For the case of the UV-treated series of
samples, after the first 15 days of exposure in the
artificial ageing conditions a carbonyl band is
identified at 1715 cm-.According to the results
presented in Figure 5 it is evident that the carbonyls
found as oxidation products due to the UV radiation
exposure, follow an increasing trend during the
exposure of the LLDPE-P1 samples in the artificially
ageing procedure. During the soil burial phase, the
quantity of carbonyl compounds is gradually
decreasing already after the first 19 months of the
experiment when a 22% loss has been recorded
when compared to the carbonyls calculated after the
exposure for 26 days in the UV apparatus. Thereafter
an abrupt decrease is observed in the carbonyls after
31 months of burial exposure per 96%. A gradual
slow increase follows the time of exposure for the
remaining period, an indication of continuing abiotic
degradation with time of exposure in the soil: after 82
months, the concentration of carbonyls became 5
times higher when compared to the corresponding
index of the 31 months soil burial. No formation of
carbonyls is observed for the untreated / oven-treated
series of samples during the soil burial period except
for oven treated samples after 82 months that show
carbonyls formation like the UV pretreated samples.
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Figure 5 Evolution of the carbonyl index of the
LLDPE-P1 mulching film samples during the artificial
ageing procedure and during their exposure in soil
burial conditions

3.4 Evolution of the disintegration of the LLDPE-
P1 films in soil over a period of seven years

The changes in the weights of the recovered
samples or fragments of the four series are
graphically shown in Figure 6. The “LLDPE-P1
untreated” series and the “LLDPE-P1 oven-treated”
series of samples were almost totally recovered from
soil during the whole duration of the experiment. In
the case of the UV-treated samples, the weight of
recovered fragments during the time period of 19 up
to 31 months decreased by 4%. Considering that the
micro-fragmentation was more intensive after 31
months burial in the field, the separation and
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collection of some of the very small micro-fragments
and of those which were almost invisible from the soil
aggregates was not possible. The weight of the
recovered UV treated sample after 69 and 82 months
of soil burial indicates a significant decrease of the
weight of the tiny micro-fragments that were possible
to be recovered of 61.3% and 89%, respectively vs
10.62% not recovered after 31 months in the soil. An
increasing with the time of exposure percentage of
very small fragments in the case of the UV-treated
series, was invisible by naked eye (especially in the
case of the sample exposed for 82 months). The size
of these invisible fragments was measured by
microscope to be smaller than the size of the net (e.g.
plastic fragment 500 pm v.s. net dimensions: 0.35 mm
- 1 mm). This suggests that the possibility that a
percentage of the smallest micro-fragments
transported by ground water flow away through soil
macropores (size >75 pm) and possibly soil
mesopores (75 pm-30 pm), is high. Further, the
efficiency of the separation method in collecting and
weighing all fragments present in the pouch is
questionable as it was practically impossible to collect
invisible micro-fragments from the water-glucose
solution.
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Figure 6 Evolution of the weight of the LLDPE-P1
samples/fragments that could be recovered following
their exposure in the soil under real field conditions

CONCLUSIONS

LLDPE mulching films with prooxidants were
investigated regarding possible changes in the
chemical and thermal properties, as well as their
mechanical properties evolution, after their burial in
the soil under real field conditions for a total duration
of 7 years following their use in watermelon cultivation.
Apart from a further degradation of the mechanical
properties of the already degraded film, no
disintegration signs or any other serious degradation
of the material of the films occurred during burial in the
soil, according to spectroscopic and thermal analysis.

At the same time, samples of LLDPE films with
prooxidants that were exposed in accelerated UV or
thermal ageing were exposed in soil burial conditions
in the same field: based on the evolution of the weight
of samples pre-treated by UV-A, and UV-B radiation
and recovered in four recalls, high disintegration rate
is observed with time leading to fragmentation of the
samples into tiny invisible micro-fragments. Samples



aged at the oven did not present high fragmentation
behaviour, but mainly mechanical degradation.

These findings indicate a serious risk of
accumulation of degraded PE in the soil, if this type
of mulching film is used for consecutive years in the
field and is incorporated into the soil at the end of the
cultivation period. Polyethylene mulching films with
pro-oxidants strongly degraded during their useful
life-time, and buried in the soil at the end of the
cultivation period, will be slowly transformed into
invisible tiny micro-fragments polluting the soil and
water. The fate of these invisible micro-fragments is
unpredictable.
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BEATIZTOMOIHZH BIOKAIMATIKQN MAPAMETPQN ZXOAIKQN AYAQN

Anuntpiog Aviwviadng!, lwéavvng Taipoyidvvng?, NikoAaog KaroolAag!, Evayyehivi Kittos,
BaoiAcia XpnoTidou3, KwvoTtavrivog Kitrag!

EpyaaThpio Mewpyikwy Kataokeuwv kai EAEyxou MepiBaiioviog, TuAua Mewtoviag PutikAc Mapaywyng kai
Ayporikou MepiBairoviog, Mavemiotiuio Oeaoahiag, 0d6¢ Gutdkou, T.K. 38446, Néa lwvia Mayvnaiag
2TEIl Hmeipou, T. AvBokopiag - Apxitektovikrg Totriou, Koatakiol Aptag, T.K. 47100, Apta
3TuAua MpooyoAikng Exmaideuang, Mavemaotiuio Oeooaliag, Apyovautwy kai PideAMAvwy, T.K. 38221, Boog

2Tnv Trapouaa epyaaia, ae dia TUTTIKA axoAIki auAi} TG TTOANG Tng Néag lwviag Mayvnaiag, xaptoypa@rinke n
XWpIKI dlagopotroinan TG BepuikAG Gveans XPNCILOTIOIWVTAG ETTi TOTIOU UETPATEIS MIKPOKAILOTIKWY TTAPAPETPWY
(Bepuokpacia aépa, TaxUTNTA avépou, uypacia aépa, kai PoEG akTIvOBoAiag) yia Tov utoAoyioud Tou
Beppoguaiooyikol beiktn PET ( Puaioloyikd looduvapn Oepuokpaaia), evw kataypagnkav n diagopotroinan mg
umrepiwdoug akTivoBoriag UV, n avakhaon Twv UAKwv kal n BauBwaon mou TpokaAolv, G OKIOOMEVEG Kal
ekTeBEINEVEG OTOV NAIO ETTIPAVEIEG. ZKOTTOC TNG MEAETNG QUTAG ATAV N LETPNON TwV BIOKAIWATIKWY TTOPOUETPWY Kal N
KaTAPETION BIOKAIUOTIKWY XOPTWV Twy UMWY Xwpwv e aXoAIKA KTipia, WoTe va axedlaaTolv Kal uAotroinBolv
ox¢d1a UTEUONG KaI TTAPEUPATEWY e OKOTTO T BEATIwON Twv BIOKMPATIKWY TTAPAUETPWY TNG OXOAIKNAS AUAAG Kal
N dnuioupyia eAKUaTIKOU Kai dveTou TrepIBAAAovTOG.

Né€eic kAeidid: PET, BlokAipaTikoi xapTeg, Bepuiki vean, xwpikA kataypa®n UV, avakAaan UAIKwv.
OPTIMIZATION OF BIOCLIMATIC PARAMETERS IN SCHOOLYARDS IN GREECE

Dimitrios Antoniadis’, loannis Tsirogiannis?, Nikolaos Katsoulas', Evagelini Kittas3,
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2TE| of Epirus, Dept. Floriculture - Landscape Architecture, Kostakioi in Arta, GR-47100, Arta, Greece
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In the present project, in a typical schoolyard of the town of Volos, was mapped the differentiation of the thermal
comfort, using on-site measurements of microclimatic parameters (air temperature, wind speed, humidity and
radiation fluxes) for the calculation of the thermo physiological index PET (Equivalent Physiological Temperature),
while it was mapped the differentiation of the UV radiation, the reflection of ground materials and the albedo that they
provoke on sites exposed in sun or stayed shadowed. The target of the project is to estimate the bioclimatic
parameters and to create bioclimatic maps of the schoolyards in schools, in order to design and execute Plantation
schedules and interventions for the improvement of the bioclimatic parameters of the schoolyards and the creation of
an attractive and relaxed environment.

Key words: schoolyards, PET, bioclimatic maps, spatial differentiation of thermal sense, UV mapping, albedo

1. EIZArQrd TOANG O€ OXEaN e Ta TPOACTIA UTTOPEi va amodobei

O1 pikpokAIdaTikéG TTAPAETPOI €ival KEVTPIKAG ot 01GQopoug  TrapayovTeg OTwG N augnuévn
onuaciag yia T dpacTtnpIdTTeEG Tou Aaupavouv omobrkeuon aioBntA¢  Beppdtnrag  ota UAIKA
XWPo 0O€ pia TEPIOXN Kol of peyaho Pabud KOTaokeung (.. Ao@aAtog, okupddeUa), PEIWEVES
kaBopilouv TN XpHon Twv QOTIKWV UTTaiBpiwv OTWAEIES  PIKPOU  pAKoug  KOpatog  akTIvoBoAiag,
xwpwv. O avridpdoeig 010 PIKPOKAINa WTTopEi va augnuévn mapaywyn avBpwtoyevols BepudTnTag,
pnv eivar guveldnTéc aMa ouyvd odnyouv ot pelwpévn  amobrkeuon AavBdvouaag BepudtnTag
OIOQOPETIKA XPAGT TOU XWPEOU UTIO OIaQPOPETIKEG eCaimiag ¢ éMeiyng  PAacTnang, kai  AGAAoug,
kKAipatikég  ouvbrkeg. ‘Etol n  katavénon Twv kavovtag T Beppik duogopia o €viovn OTO
MIKPOKAILOTIKWY  XAPOKTNPIOTIKWY Twv UTTaifpiwy kévTpo TG TTOANG e€auTiag Twv UWnASTEPWY ETTITTES WV
OOTIKWY XWPWV KAl TWV EMITITWOEWY TOUG OTNV Beppokpaaiag. (Papanastasiou et al. 2010). Oi
dveon Twv avBpwTwy TIOU TOUG XPENCIMOTIOIOUV, Santamouris et al. (2001) peAémaoav v éviaon Tou
gival 1d1aitepa anuavTik Katd 10 oXedIAoPO TOUG. @aivépevou NG BepuikAg vnaidag oty Abrfva atn
O1 oxohikéc auAég eivar TOAU auxvd ol pévol d1GpkeIo TOU KaAokaipioU Kkal Bprkav 6Tl aToug
avOIXTOi  XWPOI Of  TIUKVOKATOIKNUEVEG  OOTIKES TEPICOOTEPOUG OTABUOUG UETPNONG OTO KEVTPO TNG
TIEPIOXEG OTIC oToie Ta adlamépaata UAIKA (Tr.x. moAng otn Oidpkeld TG nuépag n  dlagopd
TOIPEVTO, ATQAATOG KTA) KUpIapxoUv, e amoTEAETa Beppokpaciag mAngiale Ttoug 100 C, evw oI
70 Qaivouevo NG aoTIKAG BepuikA¢ vnaidag va Papanastasiou et al. (2012), utoAdyigav otnv oA
evreivetal. H emimAéov auth Béppavan aTo KEVTIPO TNG T0U BdAou T péyiotn diagopd Bepuokpaaiag petagy
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TOU KEVTPOU TNG TIOANG KaI Twv TrpoacTiwv egaitiog
TOU (aIvOpevou TG aoTIKAG BepikAG vnaidag aToug
3.4 xai 3.1°C gmn GIAPKEIO TOU XEIMWVA Kal TOU
kahokaipioU avrigtoixa. O1 GXOAIKEC aUAEG eival
ONPAVTIKEG YIa Ta TTAIdIA yia TV Katavonaon Tou
mepIBaAAovTog (Malone and Tranter 2003) kai
ptropolv umd TpoUToBéacig va Asitoupyioouv wg
éva 101aitepa emmoikodounTikd TePIBAANOY, péoa aTo
omoio Ta Traudid va maiouv, va egepeuvolv, va
paBaivouv, va dnuioupyolv Kal va cuvepyddoval,
epXOuEVO Ot €TAQR UE OTOIXEIO TOU QUOIKOU
mepIBaAovTog. TEToleg TpouToBEelg eival a) n
EVEPYOS ouppeTox) Twy TraIdiv oTn dIauOPPWan
TOU XWpoU NG aX0oAIKAG auAig, B) n dnuioupyia evog
aUAgiou xwpou TTou va TrepiAappavel TAnBwpa Kai
TIOIKINiO  OTOIYEIWY  Kal  XWpwv, Yy) n Tapoxn
TOIKINIAG  QUOIKWY  €PEBICUATWY (TT.X. QUTWV E
dlapopeTikG  xapakmpioTik@). Or  mpouTobéatig
autég mapéxouv ota maidiad T duvarétnta va
aMnAemidpdoouv pe TOAAATTAOUG TPOTIOUG WE TO
TEPIBAAAOY, pETAlU TOUG Kal WE TOUG EKTTAIOEUTIKOUG,
kaBigTwvTag Tn oXoAKr auAr ox1 amAwg éva Xwpo
gekoUpaong kail xaAdpwang avaueoa ata Yabhuara,
OMA Kal XWPO TTOU TTAPEXEI ONUAVTIKEG EUKAIPIEG
HaBnang kai dnuioupyiag.

Ta teAeutaia xpdvia uTrapxel Mo oTpoQry OTn
OlOUOPQWON TwY EGWTEPIKWY XWPwY OXI TIAEOV e
Baon ™ diaioBnan, Ty UTTOKEIPEVIKOTNT A TNV
auBevria, ah\@ Toug TTapdyovTeg Tou emmnpeddouy T0
pIKpoKAipa. Mapdha autd, eAAXIOTEG UEAETEG £xouv
VivEl OXETIKA pe TOV aOTIKG ayxediaoud utraiBplwv
XWpwv Kai TN Bepuik aioBnan aToug XWwpoug
autoUg (Gaitania et al., 2007; Nikolopoulou and
Lykoudis, 2007). Mpoc@areg PeAETES yia TIG GUVBAKES
Bepuikng aiobnong otnv ABhva, Bagifoviar o
xprion Oedopévwv LETEWPOAOYIKWY OTABWY (TT.X.
Moustris et al. 2010; Pantavou et al. 2010), evw
GMeg  xpnaoipgotrololv  oTarikoUg  OAOKANPWHEVOUG
peTewpoAoyikoUg aTabuoUs kal epwTnuaToAdyia yia
MV Karaypagr Tng aiobnong Tou aréuou OTIg
O10OPETIKES pIKpOKAIaTIKEG GUVONKeES (TOOPTOAAN
E., 2011). TéAog, éxel pehenBei n epappoyn Tou GIS
oTn eAéTn Tng BepuikAg veong (Kantor and Unger,
2010) ka1 anv apxitektoviki Tomiou (Hanna,1999).
Imv  Topoloa  peAém  gTOXOG  ATAV  va
TT000TIKOTIOINGEF N BepuIK Aveon OTIC BIAPOPES
MIKPOKAILOTIKEG GUVONKEG Piag OXOAIKAG aUAng e
€M TOTOU  PETPACEIS  TWV  PIKPOKAIPATIKWY
Tapayoviwv pe Baan Toug otmoioug utroloyidetal o
Bepuoguaiooyikdg  deiktng  PET  (Physiological
Equivalent Temperature) (Mantzarakis,1999). H
XWPIKI| KATOVOUR Twv TIYWV Tou &giktn PET kal Twv
uTroAoiTTWV BrokAiparikwy TTOPAUETPWY
omTIKoTroIEiTal pe TN Xpron Tou ArcGIS ki €101
mrapdyovTal BIokAIJaTIKOi XAPTEG TNG AUAAG.

2. YNIKA KAl MEGOAOI
2.1. XapakTtnpIoTIKG TG OXOAIKAG AUARG

H €peuva éyive otn OX0AIKA QUAR TTOU equTTNPETET
70 OnuoTikG oyoAeia 1° kar 20 Néag lwviag
Mayvnaiag, ot didpkeia Tou oxoAikou Etoug 2010-
2011. Omwg mapouaiddetal otV dgpoPwToypaPia
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(Eix. 1), n oxohikh auhj mepiBdAAeTal amd Tpia
OXoAiK@ kTipla kol  TepiAauBdvel  éva  yATEdO
Trodoo@aipou Kal éva yATEdO UTTAOKET. Ta UNIKG
emioTpwong Tou damédou TG AuAr¢ €ival 2032 m?
ao@aitog (42,4% Tng éktaong TG auArg), 1379 m2
KuBohiBor (28,8%), 590 m2 mAdkeg ox10TOAIBOU
(MAGkeg MnAiou) (12,4%), 419 m?2 karahapBavouv 3
Taptépla P Ywua kai ykaddv (8,7%), 200 m2
T01U€VTO (4,2%), 93 m2 ywya (1,9%), 76 m2 TAGKeG
To1péviou (1,6%), eviw udipxouv TrepiQepeiakd 20
Oévipa peyalou kai peoaiou peyéBoug, Eva KidoKI
Ogoug 3 PETpwv e Kepapidia kar 2 peTaMIKA
otéyaoTpa Uwoug 5 pétpwv. £tn NA mAeupd Tng
QUMG UTTAPXE KTipIO UTTO KATOOKEUR KAl KOVTA O€
autd dev Eyivav p'erpr']cslg.

~
Eik. 1: [evikij amoyn (eikéva ammo v google.com)

2.2. MeTpfioeig TropayovIwy HIKPOKAipaTog

MNa va umoloyiotolv o ouverkeg Beppikig
aveang, n OXOAK QUAR XwpioTnke ag KAvapo e
avolypya 20mx20m gtov omoio emAéxBnkav 50
Baoikd onueia pétpnong, o omoiog pikpaive ae
10mx10m n 5mxdm o¢ meploxég 1diaiTEpOU
evola@épovTog (Kovtd ae BEVTpa, KTipla Kal BEaeIg
otmou aAAadav Ta UAIKG eTTIKAAUWNG TWV ETTIQAVEIWVY)
Taipvoviag  emmAéov  €mMITOTIOU  PETPACEIG. ZTa
onueia Tou Kavapou petpABnkav ameubeiag, ol
okGAouBol  PIKPOKAIJATIKOI  TTOPAYOVTEG:  d) N
Beppokpaacia Kal n oxeTIKr uypaacia Tou aépa (Hobo
Microstation, model H21-002, OnSet Instruments,
Bourne, MA, USA) B) n MIKpoU AKOUG KUUOTOG
nAIoKA akTIivoBoAia, e TTEVTE TTUPAVOUETPA [E EUPOG
omé 400-1100 nm (model SKS 1110, Skye,
Llandrindod Wells, Powys, UK). Ta mupavéperpa
petpoloav og Uwog 1.1 m mavw amo 1o £dagog. Eva
TTUPaVOUETPO ATav TOTTOBETNUEVO KABETA TTPOG Ta
EMAVW  UETPWVTAG TNV ONIKA  TIpOCTIiTITOUCQ
akTIvoBoAia, Eva TTupavopeTpo k&BeTa TTPOg Ta KATW
peTpoloe TV avokAwpevn  omé 1o €600
akTIvoBoAia, evw Ta GMa Tpia TTUpavOPETPA ATOV
ToTroBETNUEVA OPICOVTIO OTIG AKPEG EVOG I00TKEAOUG
TPIYWVOU, HETPWVTAS TNV  aVOKAWMEVN aTiO  TIG
KGOeTeG em@aveleg akTivoBoAia, y) n taxitnta Tou



avéJou,  XPnOIUOTIOIWVTAG  éva QVEUOUETPO
umreprixwv (model 1405-PK-040 Windsonic, Gill
Instruments, Llandrindod Wells, Powys, UK). 9)
aigbnmpag UV (Skye, Llandrindod Wells, Powys,
UK) ata 2m. OAoi o1 aigBnTApES ATav TOTToBETNPEVO
o€ aTUAO, 0 oTroiog frav eEoTAIgPéVOC e TUgida yia
TOV  TIpooavartoAignd  kai  aA@adl  yia TV
opifovrioBéman. O 1016¢ mapéueve amd 1 €wg 3
AeTITd o€ KABe onueio pEtpnang Tou Kavapou Kai ol
METPACEIC  TWV  PETEWPOAOYIKWY  TTOPAPETPWY
yivovtav 10s kal amoBnkevovtav ge éva Kataypagéa
Oedopévwy  (model DL3000, DeltaT, Burwell
Cambridge, UK). Znueiwverar 611 Bacikd {nroluevo
TWV QIOBNTAPWY TIOU XENOIMoTIoIRBNKav, ATAV N
duean amokpion aTIC aAAayEC Twv gUVBNKWY WaTe
va eivalr duvath n kataypa@r] dIOQOPETIKWY TIHWV
METAEU TV oNuEiwy Tou Kavdapou.

‘Evag petewpohoyikds a1abuog avagopds (model
iMetos, PESSL Instruments GmbH, Weiz, A), Arav
ToToBeTnuévog o€ Owog 2  péTpwy, OE  éva
XAPOKTNPIOTIKO ONUEI0 TNG AUARS eKTEBEIUEVO OTOV
AAlo. O oTaTikog aTabuog, YeTpolae T Bepuokpaaia
TOU aépa, TN OXETIKR uypacia, TV OAIKA
TTPOCTTITITOUCA aKTIVOBOAia kai v TaxUTTa TOU
avéuou (uéooug Opoug dekahémTou). Or pETPRAOEIS
TWV  ouvlnkwv Tou  TEPIBGNAOVTOG  pE  TO
MIKPOLETEWPOAOYIKG aTaBUO Eyivav oTig 4/4/2011,
14/5/2011 kai omig 11/6/2011 ge ouvBAkes KabBapou
oupavou, KOvIa N OaKPIBWG OTIG XOPOKTNPIOTIKES
pEPeG TG nAiaknAG akTivoBoAiag &mou n GuvoAIKA
nuepnaola aktivoBoAia 1ooltal pe T péon pnviaia
akTivoBoAia, pe éva €0pog 2 wpeg yipw aTmmod TO
nAiak6 peanpép (TomikA wpa).

2.3. YmoAoyiopog Tou deiktn PET

O umohoyiouds Tou deiktn PET Baailetar ato
poviédo MEMI (Munich Energy-balance Model for
Individuals) (Matzarakis et al., 1999), TpokuTTTel amd
70 MOOnuaTIKO  guvduagud  HETEWPOAOYIKWY
TIOPAPETPWY KABWG Kal TWV XOPOKTNPIGTIKWY TOU
avBpwtou Tou  BEXETal  TIGC  €MOPACEI  TWV
METEWPOAOYIKWV TTOPAPETPWV. ZNUaVTIKA
TIOPAPETPOG OTN dIOUOPOWAN TNG BEPUIKAG AVEDNS
armoteAei n Méon Oepuokpaaia AktivoBoAiag (Tmr,
°C), ou ekppalel mv avtarhayn Beppdtnrag péow
akTivoBohiag  petagyd  diagdpwyv  owudtwy. Ol
e€lowaoeIg autég yia Tov utroAoyIoud TG Tmt KAl TOU
Oeiktn PET, eival evowpatwpéveg aTo e0xpnoTo
Aoyiopikd RAYMAN (Mantzarakis et al. 2007, 2010),
0T0 Omoio €IofXBnoav w¢ dedoPéva 01 TIUEG Twv
MIKPOLETEWPOAOYIKWY TTAPAPETPWY YIa KGO anpeio
pétpnong kai utmoAoyiotnkav o TipéG PET, yia
avBpwtro péoou Uyoug 1,75, Bapoug 70 KiAwv, pe
péan Opaatnpidtnta, We Tapaywyr €pyou ion e
80W kar ouvteAeaT KAAuyng TOU COWUPATOS LE
pouxiopo ico pe 0.9. O PET perpiétar og °C, kdm
TTOU TOV KAVEI EUKOAA OUYKPIOIYO PE TNV TIPA TNG
Beppokpaciag Tou aépa. Tipég Bepuokpaaiwv Tou
PET am6 18 éwg 23°C mepiypagouv mepiBaAhov
Beppika oudttepo, amod 23 £wg 29°C ehagpd Bepuo,
amo 29 £wg 35°C Beppod, amd 35°C kar mavw TTOAU
CeaT6 kal am6 41°C kail mavw Tapa oAU (eaTo.

[367]

BéBaia o PET avagépetal ge éva GvBpwtio LE
TUTTOTTOINUEVA XapaKTNPEIOTIKA (Uyog, nAikia, BAapog
KTA) Kai utroAoyileTal pe TUTTOTTOINUEVES PUBUITEIC.
Aciyvel T Oepuikh aiobnon TOU OUYKEKPIPEVOU
TpoTUTIOU avOPWTIOU KaI TO XPNOIUOTIOIOUHE WG

avagopd yla TNV EKTiUnon  Tou  BepuikoU
TEPIBAMOVTOG.
H uikpotepn  ekteBeipévn  emopdaveia  Adyw

MIKPOTEPOU GUVOAIKOU Oykou Twv Traidiwv oTnv
avrahhayn BeppoTntag Adyw akTivoBoAiag Ba pelwvel
v Tmt Gpa Kai Tnv TiAR Tou PET, evw Ba eival
peyoAUtepn n  emidpaon oy Beppokpagia
akTivopohiag n  avokAwpevn amd 10 dAmedo
utrépuBpn akTivoBoAia Adyw peyaAltepng eyyuTnTag
TWV TTAIBIWY O€ aUTO.

2.4. BIoKAIPATIKOI XOPTEG

O1 mipég Tou PET mou utroAoyiotnkav amé OAa
70 onueia Tou kavafou, TomoBeTABnKaV  OTN
ouvéxela wg dedopéva EiIcaywyng OTo TTPOYPAMUA
ArcGIS (v.9.3, ESRI, Redlands, CA, USA).
XpnoipotoinBnke 10 epyaAeio Spatial Analyst tool
yia 1 uéBodo spline spatial interpolation method
(Hanna, 1999), woTte va mapaxBolv o1 GYETIKOI
BiokAipatikoi xapreg (Eik.2).

3. ANOTEAEZMATA

Ta amoteAéopata  TOU  TTapouaiddovral,
agopolv aTIg petpaelg Tou Eyivav ot 14/5/11.
Eyivav petphoeig ota 50 Baoikd onpeia kar ot 62
evOIaGuedes BETelC evOIOpEPOVTOG TOUu Kavapou, e
otaoeig amd 1 éwg 3 Aemrd, amd Ti¢ 12:00 1O
peanuépl, péxpr Tic 14:30. To Maio n péan wpa Tou
nhiakoU peanpepiol eival oTig 12.29 Tomikh wpa,
ETMOPEVG O XPOVOG TToU BIRPKNCAv O UETPATEIS OEV
ETTOPKEI  yio  va  petapAnBolv  onuavtikd ol
YEVIKOTEPEG PETEWPONOYIKEC TUVBAKES, WG €K TOUTOU
Ol peTpAcEIC OTa  onueio Tou Kavapou eival
OUYKPIOIUES PETAEU TOUG.

H Bepuokpaaia Tou aépa kupdvonke amé 20,6 °C
070 TpWTO onueio Pérpnang oTig 12:00 To peanuépl,
péxpl Toug 24.1°C ot 14:30, Mapdha autd n
Beppokpacia TTou amoTUTTWVEI TN BEpUIKA aigBnon
(d¢iktng PET, o¢ °C), mapouaiage WEYAAES XWPIKEG
dlagopotmoIfoel§ Kal Kupavlnke amd 16.3°C atn
oKIG Tou TeUKou, péxp! Toug 4107°C oTa pia Tou
TOAU (e0ToU, KOVIA O€ VOTIO QVOIXTOXPWHO TOiX0
ekteBeiyévo  atov Ao, H  péon  Bepuokpacia
akTivoBohiag (Tm), OTWG uTTOAOYiGTNKE OTO TO
povtého RAYMAN, kupavBnke amé 17.9°C ot fabia
oK melkou Péxpl Toug 61.2°C ummpoatd améd NoTio
avoixtéxpwuo Toixo ekTeBeIpévo oTov AAio. Ol
Beppokpaoies dépparog (Ts) oTig idieg BETEI,
utroAoyiaTnkav pe 10 id10 povtéAo aToug 20°C kal
47.7°C avtigToixa.

3.1. Zkioon

Tnv nuépa pétpnong o oupavog Atav kabapdg
kal nAidhouaTog. O1 Tipég TG oAikAg akTIivoBoAiag
Atav uwnAég kar kupaivovtav amd 960 W/m?2 £wg 860
Wimz, omv apx Kai 0T0 TENOG Twv WETPHOEWV
avrioTolxa, o010 0T0BU6  avagopds. Or  TIpég



akTivoBoAiag TTou  KaTaypdgnkav Katw amd Ta
didpopa dEvtpa kal Tov aoTIKG £COTTAIONO TNG AU,
Ol avTioTOIXEG TIPEG €EKTOC OKIGG, KABWG Kal TO
1000076 peTaBoArg, Tapouaialovral aTov Mivaka 1.

3.2. PET

O1 petprioeig kovta ag NOTIO avoixToXpwHo TOiX0
ekteBeipévo atov AAIo, €dwaav TOAD uwnAég TIpEG
PET, amo6 37.1 éwg 41.2°C, ata dpia TG BepuikAg
aigbnong Tou oAU (eaToU, e TN péan Bepuokpaaia
akTivoBoAiag va kupaiverar amd 59.5 £wg 60.1°C. Oi
uwnAég autég Tipég Tou PET, ogeilovral Kupiwg aTnv
akTivoBoAia amé  avakhaon  amd  TOug
avoIXTOXpwHOUG Toixoug, OMA Kal aTn pelwpévn
TAXUTNTA TOU avEUOU AGyw Tou epTTodiou Tou KTIpiou,
TToU aUgnaav anuavTIKAa TV TIUA TG Tmt. Z€ AuTikd
avolxtéxpwpo Toixo, ol TipéG Tou PET kupaivovtav
amé 38.3 éwg 41.7 yia Toug idloug Adyoug, pe TIG
TIEG BeppIknG aioBnang Tou PET va givar atn {wvn
TOU TOAU (eoToU. Ze 6éoeic kovta ae NOTio
avoIxToxpwpo Toixo Tou Bpigkoviav GTn  OKId
OevTpwy AcUkag pedaiou peyéBoug, ol avTiaToIxeg
Tiyéc PET nfArav omv Tepioxf TG  oudétepng
aiobnong fwg 21.6°C, ueiwpéves kard@ 40%, ot
oxéan Je Toug 36.,2°C é&w amd T okid AeUKag. Ze
Béaeic kovid ae NOTIO avoIxTOXPWHO ToiXo aTn OKId
mre0kou, ol TG Tou PET fArav katd pégo dpo 16.7°C
pelwpéveg kata 42% ot oxéan pe Toug 28.8°C an
Cwvn 1ng BeppikiAg aioBnang Tou ehagpwg Bepuod,
Tou peTPABNKav £§w améd T OKIA TOu TTIEUKOU. TN
okId dévpou akakiag, ol TIES Tou PET kdTw até 1o
Oévipo Atav 19.9°C otnv Teplox TG OudETEPNS
aiobnong, peiwpéveg Kata 36.5% o€ axEan pe Toug
31.3°C g1 {wvn g aiaBnang Tou Beppou, £§w amod
N OKIG Tou Oévipou. £ okid TaAaioU &évipou
KuTtapioalou, ol Tipég Tou PET kdrw amd 1o dévipo
Atav 20°C, oty meploxf TG oudétepng aioBnong,
pelwpéveg katd 48% oe oxéon pe Toug 38.3°C, o
Cvn Tou TTOAU eaToU, £Ew aTTd T aKIA TOU BEVTPOU.

Mivakag 1: Meiwon ¢ oAikri¢ mpoominrovoag
akrivoBoAiac atn akid T K6uNg Gévipwy

8/5 960 127 -87

NelUka
(P.alba)

Medko 10/12 908 53 -94.1

(P.halepensis)

Kutrapioo 14 /4 860 50.5 -94.2

(C.semprevire
ns)

Axkakia 1216 906 83 -91.6

(R.
pseudacacia)

MAdravog 10/6 883 91 -89.7

(Pl.occidentali
S)

MeTaAAIKO 5 863 59 -93.2

0TéyaoTpo

Ki6oki 3 912 53 -94.1
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Katw omd 1 okid mAatdvou, n pétpnon g
TiuAg PET, n omoia éyive SiTAa o€ avaToAikd T0ix0
oMo UTMETO  PE  OUVEITQPOPA  aKTIVOPOAIag aTmé
avékhaon, Arav kard pégo 6po 22.9 °C ata dpia TG
oudéTepnG Bepuikrg aiobnang, pelwpévn katd 28.8%
o€ oxéan pe Toug 32.2°C, atn {wvn TG BEPMIKAS
aioBnong Tou Beppol, €&w amd T OKIG TOU
mAarévou. Katw amd 1o KI6oki, n TiuA Tou PET Atav
19.9°C, o™ Cwvn TG oudETEPNG BEPMIKAS aioBnang,
pelwpévn kata@ 44% oe oxéon pe Toug 35.4°C ota
opia Beppikng aigbnong Tou TOAD CeaTol £Ew amd To
Ki6okl. Katw om6 10 WeTaMIKG OTéyaoTpo o1 TIPES
PET frav kard péoo 6po 21.2°C, om {wvn g
oudétepng BepuikAg aioBnang, pelwpéveg kard 40%
oe oxéon ue Toug 35°C aTa Opla TG BepuIKAS
aigBnang Tou oAU (eaTOU £Ew OO TO GTEYAOTPO.

H eicaywyr Twv Tiywv PET ato ArcGIS, £6wae
TOV TIAPOKATW XapaktnpIoTikG BiokAigaTik xapTn
yia 10 M&io kai Tig utréAoITTEG £TTOXEG TOU XPOVOU
TIOU EMIKPATOUV 01 idIEG TUVBAKES TTEPIBAAAOVTOC.
210 XOpTn autdv Qaiveral 611 pévo o'éva 8% g
QuA¢ o1 ouvBnkeg BepuikAc aigbnang Ppiokovtal
070 BepuikG oudéTepo, ot BETEIC KATW aTTO TN OKIA
Twv OévTpwy, OTN OKIG Twv OTEYAOTPWY KAl O€
OIAUOPPWOEIG TWVY KTIpiwyY TTOU dnuioupyolv OKId.
210 uméhormo 92% Tng auAig oI ouverkeg BeppikAg
aigBnong kupaivovtal ata dpia Tou Bepuol wg Tou
oAU {eaTou, ue v avriotoixn aiobnan Bepuikng
duagopiag AMdyw (Eatng avtiaToixa (Eikdva 2).

s

crof
.

&y

&

Eik. 2: Xwpikn karavoun tou ¢iktn PET (°C).
XapaktnpioTIKOS BIokAILaTIKOS xApTnS auAng.

3.3. UV akTivoBoAia

O Adyog ¢ akTivoBoAiag UV ae oxéan pe v
TTPOCTTITITOUCA  aKTIVOBOAia avagopds KuudvOnke
amo 1.,57 €wg 1.74 gTov avoIxTd XWwpo. X1 aKIA Twv
Bévipwy, 0 Aoyog firav pelwpévog amd 79.9% Ewg
92.3% avahoya pe 10 €idog TOU Oévipou, O OKId
TOU aTeydoTpou PeTprBnke pelwuévn kard 93.7%,
evw o¢ oklaopévo Bdpelo Toixo n peiwon Arav
85.5%. H peiwon ¢ UV, akolouBoloe Tt peiwon
NG akTivoBoAiag Adyw akiaong amd Ta dévipa Kal Ta
otéyaatpa (Eikéva 3).



3.4. Aeukalyeia (Albedo)

To m0000TO €T TOIC €KATO TNG AVOAKAWUEVNG
TPOG TV TIPOCTHTTOUGA NAIGKAS  aKTIVOBOAIOS
(d¢iktng avakhaong, albedo) ge ToAaiG Ao@aATO
ekteBelpévn aTov fio, peTpriBnke amd 34% £wg 39%,
ot AoQaAto Bopuévn pe KITPIVI QWTOAVAKAQOTIKA
Bagn (kEvipo Tou ynTTESOU PTTAOKET) YETPAONKE OTO
71%, evw ge Go@aAto Bapuévn pe Kepauidi xpwua
OTIG UTTOOKETEG TOU YNTIEDOU UTTACKET ETPAONKE OTO
51%. Ze ykpi kupOAiBoug ekTeBeipévoug aTov RAIO
amod 45% €wg 48%, ot mAAKeS oxI0TOAMIBOU (TTAGKES
MMnAiou) ekteBeipéveg atov AAIO 0 deikTnG LETPRBNKE
amod 51% €wg 53%, oe malaid ETTiCTPWON TOIUEVTOU
perprBnke oto 42%, oe ykaldv OxI TOTIOUEVO
ekteBeipévo atov Ao petpABnke amd 49% Ewg 52%,
o€ XWJa ektebelpévo atov HMio ato 48%, evw Ot
Tahaid pappapa g £106dou 010 61%. H avakhaon
OTOUG OKIOOUEVOUG XWPOUG eiTe amd BAGGTNON €ite
KaTw amd 1o oTéyacTpa ATav avaloyd WEIWUEVN
Adyw NG peiwang TG TTpooTiTITouaag akTivoBoAiag.

Eik. 3: Karavoun tou % Adyou ¢ UV mpog thv
mpoorritrouca nAiakrj aktivoBoAia ato oneio
avagopds OTn OXOAIKI QUAR.

4, YYZHTHZH

A6 Tnv avaAuon Twv OTTOTEAECUATWY TWV
HETPAOEWY, BIOTMIOTWONKE OTI TTAPOTI UTTAPXE MIKPEA
dlakUavon oTn Bepuokpaaia Tou aépa ata diapopa
onueia petpRoewy, o PET eppavide pia 6Ao kai
Ioxupdtepn  Xwpikn  OlakOpavan,  eaimiag TG
£midpaong Tou avéuou Kal Twv powv akTivoBoAiag
TOU ep@avifoviav TomiKA. MeAETWvTAg T XWPIKA
karavoury TG BepuikAc aioBnang OTTwgG TTPOKUTITEN
amd  Toug  TaPaATAvw  PIOKAINOTIKOUG  XAPTEG,
diamoTwlnke 01 o€ oUVBNKES ATTVOIag Kal Eviovng
nAiakng akTivoBoAiag Ta 500 Traidid Twv aXoAEiwy,
€xouv €va 8% tng éktaang TG XOAIKAG AUAAG yia va
BpeBolv o ouvbrkeg oudétepng Bepuikig aigbnong,
evw 0To umoAoimo 92% Tng éktaong TG OXOAIKAG
aulig Ba exteBolv e ouvBnkeg évtovng BepuIKAG
duagopiag. TéToieg ouvBrnkes Tou xapaktpifouv
Beppég mepIddoug, uTopouv va epeaviaTolv amd 1o
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1éAog Attpihiou éwg 1o TEAOG TNG OXOMIKAG XpovIdg
TOV lo0vIo Kal aTmd TNV apxr G OXOMIKAS XPOVIAE TO
ZemrréuBpio, uéxpl Ta 1€An NoguBpiou. O deiktng PET
xpnaipoToInonke yia va BonbAael atnv ameikdvion
NG XWPIKAG KATaVOURS TG BepuikAG aioBnang kai
dlagopotroinon g ot Béoeic pe BAGoTnon Kai
aoTikoUg eE0TAIguOUG Kal ag BEaeig xwpic BAGoTnon
KaI va TrepIypag@olv o1 guverkeg Beppikng dveang o€
P10 TUTTIKA OXOAIKA QUAR.

O1 mapadoyég Tou Movtédou MEMI avagépovtal
o€ aropo 35 etwv, Uyoug 1.8 m. Bapoug 75 kg Tou
@épel pouxiond 0.9 clo. H pikpdtepn ekTeBelpévn
EMPAvEId ANOyw MIKPOTEPOU GUVOAIKOU OYKOU TWV
maildiwov oty avialayh  Beppdmrag  Adyw
akTivooAiag Ba peiwvel TRV Tmrt dpa kai ™y TiuA
Tou PET , evw Ba eival yeyahltepn n emmidpaan oty
Beppokpacia aktivofoliag n avakAwpevn amod 1O
oamedo umépuBpn akTivoBoAia Adyw peyaAuTepng
gyyutnTag Twy Traidiwy ae autd. Maviwg eaivetar 6t
n BepuIKn Avean Twv TAIBIWV UEPIKWS UTTEPEKTILATAN
WG ammoAUTN TIWA HE TN XPAON TOU €V Adyw HOVTEAOU.

Me Tmapeppaoeic oTIC OXOMKEG QUAEG  eival
duvatd va OlaNOPQWOOUYE TO XWPO WOTE Vva
augnBolv o1 Trepioxég e oudétepn Beppikr aioBnan.
O1 petpcelc mou éyivav  GTn OXOAIKA  QUAR,
empefaiwaav 611 o€ VOTIO YEWYPAPIKG TTIAGTN, N
okiaon eival o o kabopIaTIKOS TTapdyovTag yid Tov
E\eyxo TG BepuIKAG  AvEONG KAl - GNHAVTIKA
TIOPAUETPOS YIa TNV OTITIKA dvean. MNa 10 Adyo autd
pmopei va xpnoiuomoinei pia ToikiAia oKIaaTpwy A
TUTTWV BAGGTNANG, avaloya e TV EmMBUUNTA HopOn
oKIAG. ATTO T peAETN @Avnke OTI Ta dEvTpa 1dIaiTEPA
o€ TAApN avamTugn, ekTo¢ TG aigbnTIkAG Toug agiag
Tpoo®épouv  goPapd  HIKPOKAIMATIKG  OQEAN.
Av@loya e 1O €idog Tou, TNV nAikia Tou, Ta
VEWUETPIKA XOAPOKTNPIOTIKA TwV QUAAWV Tou, TN
Blapépewan Kal TNV TUKVOTTA TG KOUNG Tou, éval
OVIpO UTTOpEl va TIEPIOPIOEI TNV TTIPOCTTITITOUC T
akTivoBoAia péxpr kal 94% kai va BeATiwael 10 deEiKT
Beppikng aigbnaong uéxpr kal 48%, va mepiopioel Ty
TTPOCTTITITOUCA UTIEPIWDN aKTIVOBOAia péxpl kar 93%
Kal va BeATiwoel TIG ouverkeg oTTIKAS Aveong. H
XPAGN UTTOAOYIOTIKWY JOVTEAWY TTPOCOLOIWONG TToU
xpnoipotoigital 6A0 Kal TEPIOTOTEPO TrUEP YIa
v BIOKAIJOTIKY EKTIUNON AOTIKWY SIANOPPUOEWY,
aTaITEl TNV €100YWYr CWOoTWV 8edOUEVWY Yia TV
agomaTia Tng Tpooopoiwang. Eva embuevo oTddIo
peAETNG Ba ATaV N KATAYPOYY TWV XAPAKTNPIOTIKWY
TWV QUTWV TIOU aTTaIroUvTal yid TN EIGAYWYH TOUG
wg Oedopéva ae TéTola JovTEAa. H epappoyn autwv
TWV GUUTIEPACHATWY OTNV ETTAVAdIaNOPQWAT Twv
OXOAIKWV auAwv gival évag evaiagepov Kal XpAOINOG
o10x0¢. Q¢ Tpog TN Bepuikh AGveon, omarteital
TPOQIA axediaguol emoxIokAG XPAGNG, Wwate va
emreuxBei éva o Ao kai euxapioTo TePIBAAAoV
ot oxéon pe TIG €mKPaAToUoES TEPIBAANOVTIKEG
ouvBikeg ava emoxh. Mia egioou  anupavtiki
TOPAUETPOS  dIaudpeWONG  Twv  BIOKAIUATIKWY
ouvBnKwv evOg Xwpou, eival n oloTaon Twv UNKWY
TTOU TOV GUVBETOUV Kall TTIO GUYKEKPIPEVA N @Uaon Tou
UAIKOU, TO Xpwua TOU, N avaKAQOTIKF TOU IKAVOTNTO
kai ol Beppikég Tou 1816TTEG (Doulos et al.,2004). H



Aeukalyeia  (albedo), eivar kaBopioTikp yia TN
Bepuikr)  oupTIEPIQOPA  TOU  UAIKOU, agou 600
auéavetal,  pEIWvETal N akTivoBoAia o
amoppoatal amd 10 UAIKG, emnpedoviag 1000
Beppokpaaia  emedveldg  Tou 600  Kal TN
Beppokpaaia aépa kovid ae autd. H xpian UNkwy
Tou emnpedlouv 1o albedo evog UAIkoU KAAuyng
OTIWG T1.X 01 QWTOAVAKAATTIKES BAGES TG AOPAATOU,
pTTopEl va €xouv euepyeTIKG amoTeAéopara oTnv
Bepuikr  oupmepIPopd NG ao@aATou, aAAd Ba
TIPETTEI VO TIPOCEXTEN N XPAON TOUG / va guvdUaoTEi
pe Tapdyovieg okiaong OmMwg Ta OEvTpa, yiaTi
€mnpealouv apvnTIKA TNV OTITIKA AVECT), 00NYWVTAG
o€ Bappwan.

5. ZYMMNEPAZMATA

O pikpokAIYaTIKGG OXEDIAONOG XpelaleTal pia
BaBid katavénon OT0 TWG TA  PIKPOKAIUATIKG
gToIxeia OTwg 0 aépag Kal n nMiakh akTivoBohia,
MTTOPOUV VO ETINPEACTOUV GNUAVTIKA amd oToIXEia
apxiTektovikig Tomiou. H xpAon tou GIS Bordnoe
TIOAU G0NV OTITIKOTIOINGN QUTWV TWV TTOPAPETPWV.
21 OXOMIKEG QUAEG, TO €AelBepo Taixvidl Twv
maildiwy 6o mpémel va umoatnpileTal amd N
Onuioupyia TEploxwv  Tou  Ba Tpodiyouv TN
onuioupyikdTNTa Kal TN @avracia. H Tmapouaia
QUOIKWV CTOIKEIWV (QUTA, dEvTpa, VEPO, AUUOG KTA )
kal YaAOKWY UAIKWY, Ba GUVEIOQEPOUV TTPOG QUTAV
v KatewBuvan. Maixvidl eavragiag ou AapBavel
Xwpa yupw amd @pdyteg, maykdkia, Tpaméia,
Oévipa KTA Kkai xpnoipotrolei UAIKA OTTwg QUAAQ,
¢0Aa, Guuo, vepd KTA, emdpd ot GAOUG TOUG TOEIS
g avamuéng Twv TaIdiv : dnuIoupyIKGTNTA,
@aviagia, ouvaiobnua, @uaiohoyia. EmimAfov,
TIEPIOXEC OTTOU Ta TTAIBIA PTTOPOUV VO GUUUETEXOUV
aTn dnuioupyia Tou TePIBAAOVTOC Toug (KOAAIEpYEI
QUTWYV, Bawiyo Toixwv KTA) pTTOpoUV €TTiong va
OUVEICQEPOUV OTNV OVATITUEN TWwV IKAVOTATWY TOUG
Kal TV €TTAQR TOUG e TO TEPIBAAAOV.
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H epyaaia mapouaiadel yia emokoTnon e duvatdtnTag TG S0PUPOPIKIS THAETTIOKETINGNG va agioAoyraEl
TIG EMITITWOEIG TNG KAIUATIKAS AAAAyAS OTNV EUpwTTaikr| yewpyia. H opu@opikr| TNAETIokOTNON KabioTtaral oAU
ONUavTIKO €PYaAEio yia TIG aypokAIJOTIKEG WEAETEG Kupiwg Adyw Tng O1aBeaiuotnTag dIaxpovIKAG CTEIpag
dedopévwy. O1 aigbnTApeg Twv aUyXPOVWY LETEWPOAOYIKWY Kail TIEPIBAMOVTIKWY dOpUPOPWY ETITPETTOUV TOV
TPOCdIoPIoNSG TTOAAWY TIAPAUETPWY XOPaKTNPI(ovTag TNV TPAYMATIKA KatdoTtaon NG BI6o@aipas Kai Twv
XWPIKWY Kal Xpovikwy oAAaywv Tng. Mepikéc amd autég TI¢ peTaBANTEG UTTOPOUV va HaG BWOOUV MIa AEDT
amoyn Tou yewpyikoU avtiktutrou NG KAIWaTIKAG aMayrg. Av kai Ta diaxpovikd Gopu@opika aToIxeia gival
dUokoho va avaiuBolv, Adyw opiopévwy TTEPIOPITUWY OTTWG N UTTORABUIoN Twv aloBNTAPWY, OI DICPOPETIKES
péBodoI Babuovounong Twv aigbnTApwY Kal N WETORANTOTNTO TG QACUATIKAG ammokpiong OTIC dIAPOPES
DOpPUPOPIKES aTTOaTOAEG, N eTTIppor] TNG KAIHATIKAG aAAayng aTn Bidoaipa utTopei va eAeyxDei e T xpron Twv
Tapayouevwy  TTANPOQOPILY Twv  dopu@dpwy. Ta TIG TAPATNPACEIS TG PI6oPaIpag Evag onuavtikdg
TIEPIOPICTIKOG TrapdyovTag eival n veokaAuyn. MeTatl Twv EUpWTTAIKWY XWPWwY UTTAPXE! HIa JEYaAN eTepoyévela
OXETIKA WE Ta KAipaToAoyika kai Bioguaikd aToixeia ou rapahapBdvovrar amd Toug dopuPopIkoug aigdntipes
| TTou GUAAEYOVTaI WG DOPUPOPIKWE-TIapayOuEva EToIUA TIPOIOVTA. MepIKOi EUpWTTAIKOI QPOPEIS EXOUV TUAAEEEI
dopuPopIkd aToIXEIO CUTTNUATIKA YIa ApKETA £Tn Kal AUTA Ta apxeia aToixeiwv Ba ummopolaoav va gival xpAaiua
YIO TIG MEAETEG EMITITWOEWY TNG KAIMATIKAG aAAayAg aTn yewpyia. O1 KuploTepeS LETARANTES TTOU GUAAEYOVTaI yia
ETTIXEIPNOIOKEG A TIEIPAMATIKEG £QapUoyéS gival n Bepuokpaaia TG em@dvelag Tou £8AQPOUG Kal o1 OEiKTES
BAaoTnong. Mepaitépw épeuva Ba agiodoyfoel T d1aBegIudTATA KOl TNV TTOIOTNTA NG XPOVIKAG CEIPAS
(QACHATIKWV Kal BIOPUOIKWY aToIXEiwv JI0BETINWY ammd TOUG TPEXOVTEG Kl HEAAOVTIKOUG OOPUPOPIKOUG
alg0nTAPEC.

Nééeig kAeidia: khipaTikr ahhayr, yewpyia, EMTITWOEIG, TNAETIOKOTINON

REMOTE SENSING CHALLENGES FOR THE ASSESSMENT OF CLIMATE CHANGE IMPACT ON
AGRICULTURE IN EUROPE
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In this study, the contribution of satellite-derived data for warning purposes in agriculture due to climate
variability and change is discussed. Earth observation from space has a unique capacity to provide global data
sets continuously and consistently not only on this level, but also on the national and local levels and the use of
alert and warning systems must be based on such data. Evaluation of the agricultural impacts represents an
important contribution for the assessment of vulnerability of agricultural systems to climate variability and change.
Some of the climate and biophysical variables essential for understanding and monitoring the climate system and
the impact on agriculture can be efficiently observed from space since this technology enables their systematic,
global and homogeneous measurement. The analysis and the presentation of the data records which have been
developed from operational satellite observations, presents the status of satellite climatic and biophysical data for
warning purposes for agriculture, in Europe. Among European countries there is a great unhomogeneity
concerning climatic and biophysical data received from satellite sensors or collected as satellite-derived ready
products. Some of them are currently collecting satellite data for years and these data records could be useful for
models for climate change impact studies. The main variables that are collected in operational or experimental
way are land surface temperature and NDVI.

Key words : climate change, agriculture, satellite remote sensing
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1. EIZArQrH

Ta Oopugopiké aTOIXEI TTPOTPEPOUV  HIC
mpwrogavry duvatdtra  yia TV €peuva TG
€midpaong Tou KAIipATog GTN yewpyia uto Tov 6po
OTI T XWPIOTA Kot aigBnmipa Kai dopupopo
oToixeia eival ohokAnpwpéva ae uynAig ToIdtTag,
maykbopia BlIoQuaika kai KAipartikd poiovia. H
TTOPOUTia  UETEWPOAOYIKWY Kal  TTEPIBAAAOVTIKWV
dopuedpwy oTo dldoTNUa a6 Tn dekagTia Tou ‘60
EMTPETTEl  TTPAYMOTIKEG  WENETEG  TOU  KAipaTOg.
Mpwrevovta Bépata  eivar n  akpifela kar n
oTafepdtnTa Twv  OOPUPOPIKWY  UETPATEWV.
Mpayparikd, dev umopolv OAeG 01 OXETIKEG WE Ta
KAipara petaBAntég va emionuavBolv pe Tn xpnon
Twv  0opuUQopIKWY  aioBnTipwy Adyw TG Hn
IKavoTroINTIKAG akpifeidc Toug. Amaiteital 1d1aiTepa
BeAtiwpévn  PaBuovounon  Twv  dOPUPOPIKWY
opyavwv KaBwg Kai Babuovounon METALy Twv
TOPOUOIWY  Opyavwy  TTou  ‘TETolV’  OTOUG
O10QOPETIKOUG DOPUPOPOUG yia va ETTITEUXBE N
ouvexnc Muwn mapamnprioewy. Autd  amaitei
MEPIOGBOUG ETIKAAIWEWY B1aBOYIKWY dOPUPOPIKWV
amoaTohwv. AMo TTpdBAnUa agopd T diaxeipion
Twv Oedopéviv (emetepyaaia Kal
emavemeepyaaia). H ypAyopn avammugn Twv
yAIVwY TrapatnpAgewy 0dAynoe oTov €CaIpETIKA
TEPATTIO GYKO TwV BOPUPOPIKWY aToIKEIWY (Toulios
and Stancalie, 2010).

Ta apyeia dopu@opikwy OTOIXEIWY KOl Ta
gpyaleia ou wdyvouv Kal TTpodyouv Tn XpAon
Toug  Oeixvouv, OTl  uia  Pey@An  ToIkIAia
mAnpo@opiwv gival ehelBepa B1aBETIUn yia TOug
xpnoTeg Tou Ba emBupoloav va PeAETAGOWY TIG
XPOVIKEG Kal XwpIkEG alayég e PAGoTnong katd
m Oldpkela Twv TEAeutaiwv  10-30 etwv. Ol
TANPOQOPIES AUTEG ETITPETTOUV TNV ETTIAOYA HIAG
pegovwuévng  TEpIoXAG  evOIaQéPOVTOG  TTOU
Bpioketal oe omoladnmote Béon aTn yn Kal Tov
umohoyioud ™ xpAon Twv  diabéaiywy
ETECEPYAOUEVIWY DEIKTWV TTOU Xdpaktnpifouv Tnv
KardoTaon mng BAGOTONG i TWV
aypopetewpoAoyikwy  auvbnkwy. O diabéaiyeg
avaluoelg apyifouv amé 250 p (MODIS) kau
emekteivovial o 16 xM (GAC NOAA). To
ONUAVTIKOTEPO  XOAPOKTNPIOTIKG — yvWpIoud  Twv
paKpoTTPABeTUWY apxeiwv €ival n duvarétnta va

AapBdavovtar 1 va umohoyiovtal  €0koha ol
OVWHOAIEG Kal Ol TACEIC TWV  EPEUVWHEVWY
TOPOUETPWY, 01  OTIoiEG  EMTPETTOUV  TOV

Tpoodiopioud Twv alaywv TG Pidéoeaipag aTn
pEOVWUEVN TTEPIOXT. TETOIEG PEAETEG TTAPEXOUV IO
eukalpia va avaiuBolv ol BavEG ETIPPOEC TNG
ahayng KAiyaTog an yewpyia.

H yvwon twv oxediwv atgnang kai avamuéng
TWV  KaMIEPYEIWY  €ival  OUCIOOTIKA GTO va
BeAtiwoel TG TpakTIKEG  dlayeipiong  Kal  va
PEYICTOTIOIRCEI TNV TIapaywyh. Ta Sopuopika
aToixeia éxouv évav TEPAOTIO OPIBUG EQapPuOYWY
gtov  Trpoodiopioud  Twv  OEIKTWV  TIOU
XpnaipotroloUvTal aTa poviéAa dlapdpewaong g
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@aivohoyiag Kal NG avamTuing Twv KAANIEPYEIWV.
To oTpeg mou aokei dGueon emidpacn aTnv
avamTugn  Twv  QUTWV  Kal  Twy  BIOPUGIKWY
O100IKTIWY UTTOPET va aviXveuBei Eapkwg amd Ta
OOPUQPOPIKA OTOI¥EIO KAl OUYKEKPIPEVA pE TNV
xpAon twv deiktwv BAAcThong. Katd ouvémela, ol
deikteg BAGOTNONG WTTOPOUV va XpnalygotoinBolv
yia v agoAéynon kai v TPOPAEwn NG
mapaywyis. O1  epapuoyés €xouv  Oeifel v
augavopeves duvatdTTa Kal TIG IKAVOTNTES yIia TV
agioAéynon ¢ Tapaywyns HECW Twv TEXVIKWV
mAemiokémnong (Toulios and Stancalie, 2010).

H xpAon Twv poviédwv adfnong Ttwv
KOAMEPYEIWY OF PEYANES YEWPYIKEC TTEPIOXEC Eival
TIEPIOPIOUEVN Adyw TNG TTapoUCag IKAVOTNTAS va
mapaoxeBouv  or  Kat@AAnAeg  TTaPAWETPOI
elgaywyng. Eivar moAl d0okoAo va AngBolv Ta
XAPAKTNPIOTIKA Twv KAAMEPYEIWV Kl TOU £8AQOUG
yio peydAec TepIOXEC, AUETA aATO TIG EMITOTIES
TTOPATNPATEIS. Emopévwg, Ta gTolxeia
TAemokdTNONG eival éva TTOAD XpACIHO epyaAeio
yia va dwaouv TIC TTANPOQOpiES yia TIG diEPYATies
QUTEG O EYAAEG TIEPIOXES. ATTO auTr| TV dmToyn Ta
XOPOKTNPIOTIKA  TWV  VEWV  GOPUQOPIKWY
aigbnTAPWY OYETIKA HE TO XWPIKA  OIOKPITIKA
IKQvVOTNTA KOl TN XPOVIKR Cuxvetnta yia vad

TAPEXOUV  TIG  OUYKEKPIPéveG  pETARANTEG
BAGoTnONG, AciToupyik@, eivar éva  onuavtikd
TTAEOVEKTN AL

O1 mpdogateg OnUoCIEUTEIC OXETIKA WE TIG
HEBODOUG EKTINONG TwV BIOQUAIKWY  IDIOTATWY
¢deIEav OTI 01 TTEPITCTOTEPES TEXVIKEG aVTIATPOPNG
pETAQOPAg TG akTivoBoAiag eival Baciopéveg aTn
pEBOBO Twv veUpwvIKWV BIKTOWV. EvrolTtolg, n
avtioTpogry TN akTivoBoAiag  oTa  poviéAa
peTa@opdg eival éva ooBapd mpdBAnua TTou pTropei
va  TIpoKaAEael  anuavTikéG  afefaidmTeg  aTnv
ekTipnon  Twv  Bloguaikwy - peTaBAntwv - 6Tav
XPNaIpoTIoIoUVTal TIEPIOPICUEVEG TTANpOQopies. H
BeAtiwon Tng di0dikaciag avTIOTPOPNG aTTalITEN
TePIo0dTEPEG TTANPOPOpie¢ TTou AauBdvovral amd
T0 JOVTEAQ, HE TN XPNOIWOTIOINGN Twv KATAAANAWY
TTPOYEVETTEPWV TTANPOPOPIWV YIA TNV KATAVOUI| TNG
KOUNG KaBwg Kal Twv YETaBANTwY TG atudéapaipag,
Kal yvwaon Twv apeBaloTATWY Twv SOPUPOPIKWY
peTpACEWY OUPQWVA  PE  TOUG  XWpIKOUG  Kal
XPOVIKOUG TTEPIOPITHUOUG.

ZuvABwg, ol OTaTIOTIKEG TTPOOEYYIOEIG TTOU
Bacgiloviar ot xpAon deiktwv - BAGOTNONG
xpnoigotmolodv  pévo dUo A Tpia  @acpatiké

kavéhia, EKTIHVTAG  OTI N avaktnon  Twv
Tapopétpwy - Tou  Paociletal ota PovTéAa
avékhaong  TN¢ KOUNG pmopolv  va

xpnaipotoingouv 6Aa Ta QAGUATIKA GTOIXEIO TTOU
TapExovial amod Tov aigbntpa. ZUVETIWG, Eival
onuavTikG va emAextei o kar@AAnAog alyépiBuog
€MEIdA N AVTITIPOCWTTEUCT) TWV QACHATIKWY {WVWV
e TNV uwnAdTEPN avakhaon pTTopeEi va TTapayayel
TNV QvaKTNON MOVO Twv WETARANTWV TNG KOUNG TTOU
€TMPEEACoUV aUTA Ta WAKN KUPATOG.



Ymdpyouv aképa toANoi TrEpiopiopoi yia Tn
XPAON Twv S0pPUPOPIKWY COTOIKEIWV €IKGVAG OTa
KaAMEpyNTIKG HovTéAa, OTTwG N éMAEIYPN KavaAiwy
0710 KovTIVO IR, N Welwpévn SiaBeaiudtnTa TwVY €T
TOU OKAQOUG IKaVOTATWY PETAdooNG amobrkeuang
oTtoixeiwv, o1 Oladikaoiec fabuoAéynong  kal
EMKUPWONG, O ATHOCQAIPIKEG DIOPBWOEIG, K.ATT
(Struzik et al., 2010).

2. AIAGEZIMOTHTA AOPY®OPIKQN ZTOIXEIQN
KAl H AIAKPITIKH TOYZ IKANOTHTA XTO
XPONO KAI £TO XQPO, A THN AZIOAOIHZH
TON ENINTQZEQN THZ KAIMATIKHZ AAANATHE
KAI THZ METABAHTOTHTAZ XTH FEQPTIA

ZApepa eivar  dloBéoiya oToug  XPAOTEG
eAelBepa pakpotpdBeaua diaxpoviké apxeia Tou
€0TIGlOUV OTA APXIKA QACUATIKA KAVAAIQ Twv
dopugopikwy  aiobnTApwy,  XPAoIa  yia
QYPOKAINOTIKEG LENETEC. 2€ OPIOUEVES TTEPITITWOEIG
amaiteitar pyovo n eyypaor (Eikéva 1). Quoikd
QuTé¢ O TUTTOG OTOIXEiWY OTEUBUVETAI  OTOUG
TIETTEIPAUEVOUG XPAOTEG, Tou eival ot Béon va
eeToouv kal va emegepyacBolv TeEpaITEpw Ta
OTOIXEia QUTA KaI VO €XOUV YVWOEIG OXETIKA WE TO
oxAuata Kai TG YeBddoug yia TNV avaktnan T.x.
Twv OEIKTWY, ToU Pmropolv va XpnaldotoinBolv
yia TIG peAéTeG TNG BAGOTNONG Kai T XPOVIKA Kl
XWPIKA peTaBANTOTNTA Tng. EUkoAa prmopei Kaveig
va kataypdyel T OnuOQINECTEPA  apxEia  TToU
TIEPIEXOUV  TIC TTANPOQOPIEG TTOU  KATAXWPEOUVTAI
amé  Toug  Gopu@opikoUG  aigbnTpeg  oTa
HEUOVWLEVO GATUOTIKA KavaNia pe pia Evoeign Tou
TUTIOU  aTOIXEIWY, TG XPOVIKAG KAAUWNG Kal Tng
YEWYPOQIKAGC  TEQIOXAG, TTOU  €0TIGlouv  aTnV
Eupwrn (Leeuwen, 2006; Ramirez et al., 2007,
Struzik et al., 2010; WMO, 2009).

MNa TOUG XPAOTEG TIOU  OTTQAITOUV  TOUG
XapakmpioTikoUg  Oeikteg  BAGoTRONG  TTOU
QvaKTWvTal a6 T dOPUPOPIKA aTOIXEI Eival TIOAU
€UKOAGTEPO Va XpnaipoTroinBoly Ta eTTEEEPYaTuEVa
aTolxeia Tou oUAAEyovTal a6 Ta dIAQopa apxeia.
H mpdaBaan ata apxeia eival diaBEaiun Péow Tou
Aiadiktoou. Or Oeikteg TOU €ival OYETIKOI PE TOV
¢eyxo g Pidoaipag civar Baciguévol  aTa
@acuaTikd kavdha  OT0 0paré KAl KOVTIVO
uttépuBpo Twv BOPUPOPIKWY aloBNTAPWY ATTWG:
AVHRR/NOAA, MODIS/Terra, Aqua, VGT/SPOT,
MERIS/ENVISAT, SEVIRI/IMSG «kai moAMd& @GAAa
(Heute et al., 2004). O1 diaBéaipor OeikTeG
koAUTTTouv  éva eupl @ACUA TwV  TTAPAPETPWY
OTWG:

Albedo ka1 BRDF

NDVI

Aeiktng GUANIKRG emigaveiag (LAI)
FAPAR

MogoaTo BAGOTHONG

ZUveXeig Topeis TG KaAuwng BAGotnong
Z1olxeia KGAUWNG £8apoug

Mupkayid kar Kapévn TePIOXA
Avwuahieg BAdotnong
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o OeplikéC avwpahieg
o Agiktec uyeiag BAaoTnong (Vegetation
Health Index)
e Tunuata  1ooppomiag  akTIvoPBoAiag
(Radiation Balance) kai ToAG GMa
H mpoéofaon oTa amapaitnta 00pu@opIKd
gTolxeia kal Ta mpoidvra eival Aiyétepo dUOKOAN
otav  e@apudlovial o €CEIDIKEUUEVES  UnXavES
avagimong kar  T1a  epyaieia  emAoyng. Ol
OIOXEIPIOTEG TWV UEMOVWUEVWV APXEIWY TTAPEXOUV
TTOMG EVOIAQPEPOVTA EPYTAEIQ TTOU ETTITPETTOUV:
o EmAoyn mpoidvTwyv atmé 10 apyeio
o Tewypagik emhoyr| TepIoXAg
e  EmAoyn xpovikou diagTApaTog
o T[lapayyehieg Tpoidviwy 1 ameubeiag

mepioxi  FTP yia

olvdean
amobrikeuan

e Xt OPIOPEVEG TIEPITITWOEIC €TTioNG €ival

O100£010 TO AoyIGUIKO ATTEIKAVIONG

Ta Topam@vw apxeia kal  Ta epyalsia
dopugopikwy  gTolxeiwv  Tou  BonBolv  Kai
mpodyouv Tn Xpron Toug Tapouailouv peydAn
ToIKINia  TTAnpogoplwy  Kal  ival  eAelBepa
dlaBéaia yia Toug xpnaoTteg Tou Ba embuuoloay
Va JEAETATOUV TIG XPOVIKEG KOl XWwPIKEG aAAayEG TNG
BAGoTnoNg kard Tn didipkela Twv TeAeuTaiwy 10-30
etwv. O1 TAnpogopieg emTPETOUV TV ETIAOYT pIaG
pEHovwpEvNG  TIEPIOXAG  evOIOPEPOVTOG  TTOU
BpiokeTal OTTOUBATIOTE TN YN KOl TOV UTTOAOYITHO
A Kal T XpAon Twv dIabEéTIuwy ETTECEPYAoEVWV
OEIKTWV TTOU XOPaKTNpifouv TNV KAtaoTaon ng
BAGGTNONG A TWV AYPOLETEWPOAOYIKWY GUVONKWY.
O1 d1aB€a1peg dlakpITIKEG IKAVATNTEG apyilouv aTd
250 p (MODIS) kar emekreivovtal oe 16 xAu (GAC
NOAA).

To onuavTIKATEPO XAPAKTNPIOTIKG yvWwpIoHd
TWV PakpoTTpOBeauwy apyeiwv ivar n duvarétnra
va guykevtpwBouv kal va diopBwbolv gUkoAa ol
avwyaAieg Kal va utrohoyigBolv o1 TAOEI§ Twy uTTd
épeuva TTAPAUETPWY, O OTIOiEG EMITPETIOUV TOV
mpoadiopiopd Twv aMaywv Bidoeaipag  aTn
HEUOVWUEVN TTEPIOXT). TETOIEG MEAETEG TTAPEXOUV TNV
eukalpia va avaAuBolv o1 TBavE emMPPOEG TNG
KhiparTiknig aAayrng ot yewpyia.

(013

3. KAIMATIKEZ KAI BIOOYZIKEZ MAPAMETPOI
KAI METABAHTEZ £E EYPQMAIKO EMINEAO
Emeidf n  moidmra  Twv  QUOUATIKWY
TANPOQOPILY EE0PTATAI ATTO TA XAPAKTNPIOTIKG
TWV alodnTApwy, N avamruén ailobntpwy eival 10
KAeIdi aTig TexvikéG TNAeTIoKOTONG. H véa yevid
Twv dopuPopikwy aigdnthpwy (1r.x. o MODIS oty
mAatr@éppa TERRA, o VEGETATION atov SPOT, o
SEVIRI aTtov MSG, o0 AVHRR-3 gtov EPS/NOAA)
éxel  ofpel  éva  avafoBuiopévo  emiTedo
TNAETTIOKOTTIKWY ~ TTANPOQOPILY OV KOIVOTNTA
XPNOTWV XAPIS g€ pia TOAU KOAUTEPN XWPIKK,
XPOVIKI|, QacUaTIKA Kal ywviak 8elypaToAnyia mng
akTIVOBoAiag TTou TTpoEpyETal amd TV EMmQAveia
MG yng. H XpovikA BIakpITIKA IKavoTtnTa Kal N



oQaipiky kGAuyn TTOU TTAPEXOUV Ta vEQ Gpyava,
pagi pe v ektevh  delyuatoAnyia  kal TG
(QOCUOTIKEG KOI YWVIOKEG TIEPIOXES, TTPOETOINACOUV
70 £60Q0¢ yia éva eupl QATUA VEWV EQAPHOYWY,
OTIC  OXEOEI  EMQAVEING-DAQOUG KAl OTIG
oMnAemdpaoelc  €dGgoug - ATHOTQAIPAG.
Mapadeiypatog  xapiv - 1a  oToixeia  SEVIRI/
METEOSAT  xpnaoigoTroloUvTal  €KTEVWG  OTOV
uttohoyioud  KNIJOTIKGWY KAl BIOQUTIKWY
petapAnTwyv. O MSG mapéxel £1koves kabe 15 Aetrtd
KOl TTPOCQEPEl VEEG EUKAIPIEG va avixveuBei n
BpaxumpdBeoun egEMEn g PAdotnong. Tétoio
XOPOKTNEIOTIKO ~ yvwpIoua  gival  181aiTepal
onuavTikG yia TIG TTEPIOXEC TTOU XAPOKTNPIdovTal
amo uwnA kBAuwn olvvepwv Kabwg emmiong Kal
yila Ta nuidyova OIKOOUCTAUOTO TTOU  £XOUV
oUvToloug  KUkAoug BAdotnang. A@' €tépou, n
nUEPROIa Kal utro--nueprala deiyuatoAnyia Twv
Bepuikwy utroypagwy amé MSG, emitpémel TV
TapakoAoUBnon Twv KUkAwv Bepuokpagiag tng
emedveiag Tou €ddgoug. H diabeaipdmra g
UWNAAS XPOVIKAS dIKPITIKAG IkavoTnTag Tou MSG

Taipiddel  améhuta oT pétpnon Twv
TEpIBOMOVTIKWY — TTapapéTpwy  Trou  aAAGdouv
ypryopa KaBwg €TioNG KOl O  €KEIVEC TIC

TTOPAPETPOUG OTTOU 1 aAAayr ONUATWY TIEPIEKEI
TANpoQopics yia TNV TTapaueTpo i T diadikaagia
evOIaQEPOVTOC. EvroUToig, Ta XWPIKA
XapaKTPIOTIKG Twv algbnTApwy agopolv Kupiwg
TA YEYOVOTA OTIC TIEPIPEPEIOKEG EWG NTTEIPWTIKES
KAiJokes. Tlpo¢ 10 TOPOV N TNAEmIOKOTINON
TEPIOPICETaN OTN XAPTOYPAPNON NG TTAPAYWYAS HE
ehappws uwnAotepn akpipeia amd 90% otav
XPnolgoTolEiTal 0 GUVOUACUO 1 DIaXPOVIKN
KaAuyn, n xprion moAwv aigbntipwy Kal GToIxEia
GIS. H mAemokémnon upbévo, Ouwg  Exel
mepiopiogols ot O1dkpion  Twv  TTOMaTAwVY
koMigpyeiwv oe autd 10 emimedo akpifeiag. H
TNAemokOTNON €ival emiong ouyva avikavn va
aviyveloel  TIC  AQueceg  TyéG  (nuiag  Twv
KaAMigpyeiwy. AuToi o1 TiEpIopIouOi UTTopolv va
peIwBoUv aTo PéAOV KaBwg augdvovTal or XWPIKES
Kl QaCUATIKEG DIOKPITIKES IKAVOTNTEG.

O1 Toulios et al. (2008) £xouv Kataypawel Tig
Khipamikég  kal - BIoQuUOIKEG  TTOPOPETPOUG  TTOU
ofpEPa  eKTIHWVTAl  pEOW TG BOPUPOPIKAG
TNAeTIOKATINONG 0¢ TOUAdYIOTOV pia Xwpa aTnv
Eupwn, kabwg kal Toug TUTTOG Twv S0pUPAPWY
Kal Twv aigbnmpwy KaTaypagng o€ axéan Je kabe
PETABANTA TTOU XPNOIUOTIOIOUVTAI OTIG XWPES TNG
Eupwrng éou yivetal ekTiunot Toug.

4. NEQTEPEX MPOKAHZEIZ ¥THN EGAPMOIH
TON  AOPYQOPIKON  EIKONQN  EITHN
ArPOMETEQPOAOTIA

O1 AsiToupyIkéG e@apuoyég Twv dedopévwy TG
TNAETTIOKATINGNG 0TV aypouETEWPOAOYia amaitolv
ONuEPa VEEG TTPOCEYYITEIS aTn GUAOYR Kal TV
avaAuan. YTTapxouv apKeTéG TTAATQOPLES QUTAV TV
mepiodo  oto  dlIGoTNUa yia  va  GUAAEyouv
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KoBnuepivd aToixeia uwnAic xwpikAg avaluong
30m vyia 6An v Eupwrmn. EvroUtoic n auMhoyr
TETOIWV  OTOIXEIWV  ammaiTel  ouvToVIOUéN
Tpoomafeia  kal  QuoIkd  xpnuarodortnon. H
emdpacn TG vepokAAuyng O€ HEPIKEG TTEPIOXES
¢ Eupwrng mou eival mapa oAU veQEAWDEIS
(eAeUBepn guyvoTnTa OUVVEQWY <14%) TpéTtel va
utrohoyioBei pe akpifela WaTE va emMTPEYOUV TIG
eBooyadiaie¢  maparnpeoels.  H - ouxvornta
amougiag oUVVEQWY WTTOpEl va gival €TTOXIOKA
€COPTWHEVN YIO PEPIKEG TTIEPIOXEC, OMG UTTOPXOUV
Aiyeg TAnpo@opieg yia autd amd v dmown g
TNAETTIOKATINONG.

MNa 1 Aemoupyik  a@opoiwon — Twv
OopuUQOPIKWY  OEdOUEVWV  EIKOVOC 0T OVTEAQ
UTTAPXOUV OAUEPT PEPIKES VEEC TTPOCEYYIOEIS VIO TN
ouMoyn kai v avaluon dedouévwyv. H o
eAmdopdpog Auan gaiveral va gival n guvévwon (o
agTEPIONOG) idIWV dopuPdpWV aTnV idia TPoXIA Kal
n OlaBeqipétnTa NG  TEXVOAOyiag  MIKPWV
dopuPOpwWY TOU PTTopolv va KATAoKEUAaBouv Kal
va ekTofeuBolv pe OXETIKG XounAGTEPO KOOTOG,
O0mwg o aotepiopds DMC, Tmou avoiyel T
duvatdmTta yia TV avamTugn evog eupwtraikou
agTepiopol  «AgriSatellite».  Zta  TpéxovTa
ouoTuata DMC Asitouv Trepioxég Traparnpnang
oV pIKpokupaTikh utépuBpn Tepioyr| (SWIR), o
OTToiEG  €ival  ONUAVTIKEG yia Tov  €AEyX0 TG
uypaaoiag Twv KaMIEPYEIWV Kal ETITTAEOV EXOouv
TIEQIOPITUEVES IKOVOTNTEG HETAdOTNG aTToBAKeEUaNG
Kal aToiyeiwv. Autoi ol Texvikoi Teplopiouoi Ba
utrepviknBolv  Ta  emoueva  xpdvia  kar  érav
ouvdeBouv Ta aToixeia amd TETOIOUG OTEPITUOUG
ME TIC TIPOOEKTIKA  TIPOYPAMMATIOUEVEG  Kal
ekTeAEOPEvVEG BpaOTNPIOTNTEG BaBUOAGYNONG Kal
EMKUpwONG, Ba emteuyBei TAPWG TO LEYIOTO TWV
duvatotATwy ™G TNAEMOKOTINONG  OTO  Aypo-
peTewpoAoyia Kai ge éva €upl Qacua GAwv
Topéwv atnv Eupwtm. O1 peydieg Tpoodokies yia

™ PeAtiwon NG agopoiwong - OTOIXEiWV
TnAemiokéTINONG  OTa  KOMIEPYNTIKA  PovTéAa
agopolv  TIG  PENAOVTIKEG  TIPOCPOPES  TwV

OopuPopwWY Kal Twv aioBntipwv pe TV uwnAi
XWPIKA Kal xpovikA av@Auon (1.x. GMES, Sentinel
2, kA1) (Danson and Toulios; 2010 Mackin et al.,
2010).
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