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H zopotio'o eplooio anore)'.eirrat an6 t6ooepo reqd,l,oro. Eto nparo regril,arc
neptypd,<peror 11 6wour rqg ptopd(og, or6po ovo<p6povtor or zqy6g propri(og Kor ro
wepyetor6 zreprel6pwo rng. Enioqg ylvetor oriyrptorl pepurbv rurmri:v lu,porclptoardlv
rco,uoiprrrv Btopd(oq pe netpflato Ko,r 6v0paru, orc6po, ovoq6povtor ro, nL^eovercrflpoto
rcor perovercrrllroro rrlq ptopti(crg roOrilg Ko,r or pe0o6ot petatpozur'1q rrlg. Ezuionq yiveror
6up6ovqorl Btopa(og orqv fi€ploXn rng rwtptrrlg More8ovlcrg rbote vo nporriryet q
nu,pcryirlpaq Btop6(o guttKRg or5vOeorlg ovd v6po rat ei6og oro XpovrK6 8uioalpo 2000
6rtrg 2004. Xto 6er5tepo re<pd,),aro ova<p6povtot or a5zrot eoarirv rcorlor1g fton
XpTlotponororiwor po. 6urgopear6g propd(eg, eniorlq zreprypdqetor q 6u6trooia rou
Oeppo8uvoptrori unol.oyropori yu wav l.epqra p"e o't61o tov zpoo6topro'p6 cqg o-tiorooqg
roD Kc[uofl,epiou Kol rlv 6upeor'1 rrlrv €firqovetd)v rou leprpo Iro tpito regd)"ato
neptypd,<petot 11 8to8trooic tou uno),opopof ovto2g(g rrllv ororletrrlv rou ).epqto orpori
unepnieoqq iDote telrrcd vo npoo8topto0odv :mno,pltarv 8dgopov otorlstrov roD. T6)"oq
oto r6ru,pro r6<p6l"oto ytvetor n epoppol'q rcu 0eppo8uvoptrori uno),opopori rct rou
unol,oytopori ovto26r1g yto 6vov LeBrlto atpori unepzrieoqq rulrloqroTroui:vrog rog ror5otpo
Bropd(o.
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Xofon Btou6(oq Tra nopoyrrlTrl atuori TEI Xeporilv

Keqdicro 1

Erooyoyrl
O 6pog Brcpd(o q Bt6po(o 6w sfvo,t orptBr1g plprr6g 6pog. llp6rcerror yro u]"rrcd qDttrctlq

n (rDrKrtq npo6l,euoqg TroD ovnpetrrrnf(ovro,r oov w€pysrcrrcoi n6por. H Bropd(o 6w etvor
v6o zn4yr1 w6pyeuq. Etvar o aprirrog weplenrc6g tt6pog ltoo Xpnoqrozroqoe o dvOpronog
Ko,t iorog o olpcrvor6tepog pt1pt rnv propqlovrrcrl ezovdotoorl. Mto oqpcrvarrl
t6topoptp[o, rrlg prcpd(ug etvot 6ct or neptoo6rsprq popqdg rng eivor rard].,orno-
zopo,npoT6wo, azr6pl"qro rrlg ev ywer 8pcorqpr6cnro,g rou ovOprilnou Ko,1n ovflFet<rlrnorl
roug oov wepyeurr6g ru6pog wt6ooeror oe 6vo eupritepo fis8io rcur on6 aoL)..69 nLeup6q
orlpovar6tepo oz6 uur6 cqg zupooruotog rou reprpdLl,owoq. H prop6(a yfvem,r ouve26rilg
zno erciru,rprl Tro rI Xprtoq rrlg rrrq ruriotpo l"6yrrl u1g ouSerep6qroq rnq o'e o266oq pe filv
nopcrydoyrl CO2. H o(torcoiqorl qg Bropd(og eivar wo (qrrlpo zrol,uofv0eto. O orcon6g
tr1g nopofoag epToolog e[vot 11 ovrtrotdoroon t<rrv ouppocrcrirv rouoiprov p€ ?1pnorl
Btopd(crq rrrg rofotpo yto rnv rucpa1coy1 orpori. Icqv epyooicr ouc4 fvetct BtBl"tolpagtrctl
6peuva ytcr ro eiSq Bropri(og ruou pnoporiv vo il)rlorpozuorqOoriv rrlg rcur5orpq r5l.r1 otqv
neptolq qg Kwtptrqg Marce8oviug. Enioqg, ytvercr ptBl"rolpogrrcq 6peuvo, yro to ei6r1
eorrd)v ro6o'119 Kot rlv enfl,oyTl rou rardX)'r1l.ou rfzcou eodcg rccrfoqg Tro rov eKdorote
n5no Bmp6(ag. Iq ouvdlera ytvetor 0eppo6uvoprr6g uzol"opop6g w6g l"eBrlta
ropeopfvoo otpori. T6)"o9, egopp6(erot o Eupconoir6g rovol"rop6g (EUROPEAN
STANDARD EN 12953-3) po tov unol"oytop6 crvtoplg rou oDyKsxptprfuou l.eprpo
ropeop"6vou atpori.

Arepe'uvqo'Tl rqg nopoT6psvnq Brop6(aq ornv Kevtprrq Marce6ovia

To ototT6eia nou npo6ruryav oz6 q 8repawqoq propri(ag ogoporiv ro 2grovrr6 8docqpa 5
ecrirv 2000 6tul,g 2004, o<poporiv tcr ei6q Brop6(og nou wSug6poov orlv ?rsproXrl rnq
Kwrprrdg Mare8ov[sg fioo etvct ot rol^f,rcpyeteq opaB6ortou, pu(tori, BopBonori,
(ulop6reut)"rrlv, po8drcwov Kor el"rd)v el"o,ronoqoec.oq. Or rol"l"repyereg ourdg onotel,ofv
n1 oqpovnrc6repn TrnTrl Brcpd(og xo0rirg ozotal,oriv ro nrpr6tepo qrlpo torv oyponrrirv
Dpooclptoclrov rlg Ksvrpuclg More8oviog (Nopoi Hpo0[ag, @eooa],ovirqg, KilKr.q,
l[6]"],oq, Iltepicrq, Xeppdov, Xo]"n6mqq,). Ta orot26eio fiou napouotd(ovro,r 61ouv
nporcr5ryer t6oo an6 Bfhoypogtrrl 6peuvcr (ernor4povtrcd, rceipevcr,, Trpo,KTr,Kd ouve8pirrlv,
rotooeli8eg rclz), 6oo rot cru6 r4l"egCIwK( ernrorvrrrvio. Tu, otorleio ogopofv rrq protg
noo6n'1reg ovd 6tog rcr ei6og, 6nrrrg eniolg Kor rq rorovopr6g po r60e et6og avd vop6.
Ar6po,, zuopouotd(ovror ?(CI,poKrnprcqK6g ororfsropsrpieq prcpd(og zcou o(tonoteiror cog
rcariotprl 6i,q (B)". napdptqpo 1). Ilp#rer vo rlnorlpov0et 6tt q Btopri(a nporrirrer 16oo
rccrtd rq 8to6troolo o'uL},oy4g tarv mprcrrv npoT6wrrrv s"TE6 rq roLl,repyer^eq (otel,6p1,
dr6upa rur rl"a66poto), 6oo ror rord qv ovriotorlq nopolaryrrq 6u6rraoio yro
ztop66erypo sKKorcKrop6g BopBonor5, ene(epyootcr pu(tori, rovoepBoruotqoq po8drcwrov,
napolrrryrl e),ar6l,o5ou.
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Xp[on Bro]r6(crc Tro rrapcrTroTri orpof TEI Xsppipv

Tr eivar prcprfi(c;

H propti(o crvoq6petot ynnrd, oqv opyowrq ouoia zrou npo6pyrnan on6 ro <putd ror
napayerur peool qg qrrrroorivoeorc. H ptop6(c 62gr p6vo napiJyet to tp6<ptpo ol,l,6 rar ro
6optrc6 ul.rrc6, rq iveg, ta <pdpporo Kor rnv wr6p1eu. Et6tr6tepo, q proprri(o pzropei vo
crvaqep0ei rog ql,torcr1 w6plero nou ozuo0qKeferc,t orouq 2gqptrofg 8eoporig tou opyourof
o)"rrori.

Aa6 ztoo npo6,p71trct q proprfi(a;

To 6to(ei6to roo 6v0porco (CO2) ozu6 tr1v orp6ogapo Kor ro vep6 zrou onoppogdmr an6
ng pi(eg gutiov ouv8ud(ovtot rccrd rrl qcorooDv0ettrr1 8u6rraoia Tto vo nnpoyilouv
roog oScrtdv0poreg (rl to orirlu,po) nou 8topopgiovoov tr1 Brcp&(a. H q),torcr'1 w6p1eu
6ql,c6q, rotd q qotoofv0eorl perarp6nrro,r or mprKn ev6pyeto nou onoOqrerletar pe tr1
popqtl oorg66prrlv oto 8oprrd tprlpoto qg prop6(og. Kord q 8rdpreur rqg rarioqg
Brcpri(og, to o{uy6vo azr6 cqv otp6ogatpcr wrbvetcr pr rov tiv0poro rrlg prcpri(ag rot
napay&yeror COz rcot vep6. H 6ta6troo[o eivor enopfvroq rcux]"trr1, enet6rl to 6to(ei5ro tou
6v0parco eivot 6netro 6to06orpo ylo nopoTcoy1v6oq Btopti(og. Aur6g eivar o l,61og Tro rov
otroio 11 prow6pyeu Oeropeitat w6e26opsvrrrg ou66tepq og zrpos tov &vOparo, ov Kor
peptrc6g eiocopnfq tou CO2 eprpav[{owor lofco qg 211rnorls trov ozuo}*0ro}r6vrov rauoiprrrv
rcatd tq 8tdprcera qg fiu,poyoplg xor filg perogoptig rrrlv prol,oprrilv rauoiprov.

H noporritro etr6vc, ruopouora(er: ro oruo06pcta &vOparco oe (lGtC: l0l2 kg), rq ertlot€g
po6q rat tc nooootd o'uoorilpeuorlg oe GtC/6rog. Ot unol,oytopoi 6yrvav rcatd n1 8rd,prera
cqq nept66oo 1990 - 1999.
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Xprlorl Fropd(oq Tra napcrTrrlTrl otpori TEI Xepoipv

[qy6g ploprfi(crg

Ot zqy6g Btopd(crq pzcoporiv vcr to(wopq0ofv ofpgCIva, p€ ro crao06pcrto avri top6c,
6ncrlg rpoiveror orov naporcdrrrr zrlvaro:

Ano06pata
top6a

Trizog llaprft6erlpcr

Aooorcopicr

Kotoyeypcrppevl
8croorouiu

Kowfg <poreieg (n.y. ww,l.er5rco,
eurdlozttoq)

YzconpoT6wu
8aoorcoptu,g

Koppdno (ri}"ou, prrcpd roppd,ru (rilou on6
eKl,rnrfvoeK

feropylo

Evepyerc169
o'uyropdfg ort6

€qprl
Lryvoruttapivrl

Iloio8etg o-uyrcopr66g (n.1. miscanthus,
rri)"apog canarygrass, yryovnoiog rd)"cpoq)

Evspyetor6q
o-uyrcop66g eLniou,

ou,rc1d,prrrv rct
april,ou

Aw6oaopot po pe0ul.6wo (iE.X. rlliavOog)

Xoycopt66g (aXapnSTro nlv ot0cv6l"r1 (2.1.
(cr76op6 nr)"o, 7lo16 (c26op61opro)

Xtryrcop66g op6L.ou Tro rnv at0ov6l,r1 (2.1.
cpaB6onog, ondpr)

fearpprd
uno).sippora,

A?ppo, neptronfg un6 roug opneLrirveg rcor
ozrrrprrrq6po, 6wtpa,

Zuotra crr6Blqra Yyp6 rar (qp6l,fnoopo

Btopqluv[u
Bropq26aurcd
uzol^sippotc

Azr6Bl,rlta Brcpqlovrdlv (ol.eiog, nptovf8t on6
ro nprouonlpra

IvrilSq qunrd aa6pl"qro u,zr6 rq proprl26avisg

26opoor5

An6B)"r1ta

Eqpt
l"ryvorumopivrl

Ynolsippor,o. a:rEo ro ndprco Kor rooq rrlnoug
(n.26.. rcl.oDtfr , yL6r1)

Moluoprfva
on6Bl.r1m

Al6rqom lri).n

Opyavrrc6 pepog rrrrv 6qpoariov oteperitv
orcopl"4trrlv

Bto6rdonoorl tlr uyetovoprrcq rcrqrl
oxournitrirv, Bmu6pto

Ariorq Bo0pol.updtolv

Orcdr0orcc 2006 5



Xorloq Frop6(sg Yro nopaTrrtTTi orpo6 TEI Eepp6v
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A6poto apipoo Avp6g
D7[O/€rpp([T(Dv
Err6vs2 nnyTl: [2]

Xriv0eoq <potrxrflg pwprfi(cg

H Xnpucn <rfvOeoq gunrcllg Brcpd(ug norrl].lsr pem(6 rarv et6iDv. fevrrc6, m qutd
ono'uel"ofvror on6 hTvlvn' nepinoo 25Yo rw on6 u6ot6v0porceg 11 odr26crpa 75Vo. To
p6pog rrrrv u8atavOpdrrov onocel€ttor sn6 fiol,ld p6pto odr<loprrrv zroo ouvSdor/rot Ir€
prarcpt6g ol.uof8eg un6 noL,upepq. Ararcptvovror 615o rorqyopieg: 11 rumopivr'1' Ko,t q
qpuarmopivl. To pepog r1g ltyvivng onotel.eitar an6 pr1 oorloporila p6prc nou
wepyoriv ouv ofv8eolrol 01 onoior 8raqporiv tr1 ouvopl ov6;reoa ocq iveg qq
rcumoptvqg.

Xapcmrqprotmfq trpfg Tro q oriv0eoq too a;6poo, trov palcxrirv f6lov Kol rolv
cxl'rqpcbv [6]ov

Kottcpivrl Ilpucttropivrl Aryvfvtl

Molarc6 (rilo 45 25 30

Xxtulp6 (61"o 42 38 20

Mto26ot alripou 40 45 15

Evepyercx6 aepre2g6pevo Broprfi(ag

H Oeppovtrrrl u(io row rcruolprrrv ergpd(eror ouvr10rl6 rrrq wdotepr1 0eppol6vog 66vopr1
(Hfrv) rl rcocrilteprl0eppol6voq 66vopr1 GHD.H 8uqopd npotpyerat crn6 trl0epp6qtu
qg e(dtpnoqg rrllv u8purpiov nou 8rapopgiovovrot oz6 to u6poy6vo. H 6ta<popd trrero(r5
rcrrv 66o npdrv 0eptrroy6vou 8rivu,prlg e(optdtat on6 q fiprKn o6v0eoq tov rcu,uo'iprrrv. H
HHV ovaotot26ei o"tl tlsTlorq wfpleu nou onelfi)Oepdoverat ro16 cq 8rdpreur qg
nl,r1poug o[ei8rrlorlg ov6 Kil6 rauolpou. fleprlappdvel trl 0eppKn w6gyerc non
crvurtdrot erc v6ou F€ rl o'uprnirvcoon Ko1 Tqv Vf(r1 61"rrrv trov rupot6vtcov tq6 rofciqg. H
LHV 8rlptoupyrl0qKs ?rpog to 16).o9 tou lgou ordova 6rov 6yrve npo<peivr4g 6tt n
oupa6rvcrroq tov o8patprirv oto rcuooo6pra o8qlei otr1 8uiBpoorl Kor tr1v ramorpogrl
rrrrv ouorlpdrrrw e(6tproqg.

H orlpovorc6tepq dtoqm rrlg Bmp6(ag 6oov a<popd qv rcofoq - Kor ttg dl,l,eg
0eptrro26r1ptrc6g 6ta6rraoteg - eivot 11 nepurcrrr6fllro o'e uypaotu, q onoto enrlped(er to
wepyeur6 nepw266pevo rrrrv rcouolprov.

Orct6Bprog 2006 6



1S

1fi

14

1 2

tLr

s

6

4

j

I

j
I
1

i

I
I
t
I-.1
t
i
j
i
l
j
J

To ruoponirco 8ufupuppc acpououi(et qv e(6?,,(q cr6 ratdrxepqg 0eppol6vou 66vapqg
(LHV, oe MJlkg) roo (6l"ou oe cnwdpcrloq qs repreiccrr6rlrog roo cs rrypooia.

uToadakHqg
55**f c€r*efi

7 1

20 v!, tfl -1t, ,11i
W*arcordent {lili

!(mdotspq 0eppoy6vog 66vopt1 ouvcgrrloq tqg nepramrr6trpcE os uypco{a yro drdgopoug runouE
Ftopo4q€.
XXnpa I IIffi: [21

O norpaxftco atvcxu€ napoocrf(& fisprgxrm6rqteq typucdag Tr.o cryFraKplpp€w1
Btoprfi(a.

IIqr[ Fmpft(cq
Ileprsnartitrqra

uypccie4

Brcpl16mnrd pprforc ropprkra (floo rcr nprovi8rc 40-60 wt. % (wb)

Broprllavrrd (4pd ropprltra Fbl,o,r, rcur nprovfira rc-20 wt. % (wb)

Koppriua ozco ful,o 8riooug 40-60 wt. % (wb)

KopprlLtra 6rflou czno0rpceupf,va Kol <rrsyvalpeva pe
orpoogaprr6 cfpa

30-40 wt. % (wb)

Azu6piuqm €fl.rrlv 10-30 wt. % (wb)

Enpd 6.XlW 15 wt. % (wb)

ot zqy6g Ftop,i(ag nepr.lcpprivouv lrrrl arpeio notrl]'ic uhrrirv nou 8rapopoztorodvru,r org
,rpog fls guotrfq ror 2g4prrdq 6r6qteg. Av61.o1cl ps rqv erdotots sgappoyq, oor6E oi
logol^l,opg pnopo6v vo e[vor npio-r;rsq Tro qv re]"ucrl ozro6ocrl * -r*nFrrro6.
Er6trc6tepo, prepuce6 zcpoqypsveE sgcrpporrg oruortofv oprcerf cuoqpfg rpo6raypoqeg r,,o

s*
-
=
.g
T.
J



Xorloq Bropri(crc Tto napovroTi oqro6 TEI Xappdov

rqv uypooio KOt rqv nepwrtrr6fiFc Kot oriv0eoq r4g t6rppog. Tc, <puotrd rot p1prrcd,

,(0,pcrKrllptorlKd norrl].ouv orlpcrvrrrcd ovdpeocr otq 6tu9op6q nprbreg riXeq qg Btop6(c4.
Ezrfong, or zpioteg rils6 Brcprl(og eivcn zno oporopopgeg Trr rriraor.ag r6r6rrpeq touq

ouyrpw6plrsveq pe apdrlcg 61sg 6v0paro rl netpelanou. fra nop66slTpo' 1 Oeppcrl o(io

tou dvQporo lorpoiveror srl6 20 ITEXqL 30 GJ/tonne. 
'Olrctrg, to teptoo6tepo ei6q Brcp&(c4

noD Trpoopi(owur po ru6or1 rupu,tvovtot peto(6 15-19 GJ/tonne Yur rnv LHV. Ot np66

Tlo ro zceproo6cpo 8oorrd u)umd eivcn 18-19 GJ/tonne, wdu yr,a to zreproo6cpa yerogyrrd

unoLeippata, 11 Oepprrrl o(in rupoivetar ;r"ero(6 15-17 GJ/tonne-

Meprnf tonr,r6loportnptctmrft etzt6 ttr ncdctpu prop6(aq opcprv6pwo pt

zetpfl,ar.o rcat rfru0ptrrca.

Toznx& ?(optrrrtlprotr.xu

GJIt toelt kg/m'

'o6oq

rco66vupoo
aetpelin[oo

(m") {t}
Kcfcrpo

GJ/m'

flerpfl,crro 41,9 1,00 950 39,8 [,0

AvOparo6 25,4 0,60 1000 25,0 1,6

op6l.or SYovypaow 17,5 0,42 650 ll,4 3,5

Eop6g (6kov ouTKwrpopwog,
s0% 9,5 4,23 600 5,7 7,0

Bropqlcvrrd. pal.ard rop6tto
(ril"oo 50oZ uypuoio

9,5 a,23 324 3,0 13,1

Bropq26uvucd ro pdrur pa),nrori

ffl,oo 20Yovypaow
15,2 0,36 2ta ? ? 12,5

Aoorrcd ropdrur palarof (6l.ou
30% uypooict

13,3 0,32 250 3,3 12,0

Acr,o-trd ropdcta ol,rcqpor5 (6lou
30Yovypo:o,ta

13,3 0,32 320 4,3 9,3

Axupo tepupopevo l5Vo oyPctolo 14,5 0,35 60 0,9 45,9

Afpotcr o2gupou 15% ulpaoio 14,5 0,35 140 2,4 19,7

nnyrt: [2]
{ I } Eivct o o6oq rooErivapou netpelaiou drote vcr cvorcqOei q roo6irvcprl rcrrineprl 0eppoy6voq 66vopr1

yro roDq 8r&gopoug nlaoog propo(oq.
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Xorloq Btopd(ag Tra nopoyaryrlcrtpori TEI Xepprilv

flpoprl0era Br.op6(oq

Mrcr pc,otrrl 8urgopd petcr(6 cr16 Btow6pl&oq Kol riflJ,rrrv avaverirotpcov rqyiov w6plero6
(u6poev6ryero, orol,trcr1, q),urrr1) eivor 6n, n 7rp6Tn ri)"1 zup6zrer va zrapc,260ei ror vo
o'ul).e1Oei, lrs ro ovriotorl(o r6oroq, evrir yro ttq dl,Leg A.[I.E., ru, "rc,6orpo " (vep6,
a,6po,g, r1l"ron1 arcttvopol"io) eivor 6ta,06orpo 1CIpig rc6oroq.

To pslol.ftepo p6pog tou $il,ou Tlcr rn Btoev6pyeta zupo6plerat out(v rqv nepto8o an6 tcr
Broprl26avrrd (6l"wcr uno?"eippota (6zcrog az6pl,rlto ruotiov an6 propq26ovieg
nol"tonoqoerrrg Ko,t onogl"oforcr1q, nproviSt rar 6)"1,o oruoppiparo (6lou azr6 nptovtonlpro
rcr pn5l,oug 26opnori).'oFroq, peoonp60eopo, 6rov aur6g or rqy6g e(owl,q0oriv, .ro oteped,
pro).oyrrd roriotpo 0o npfust vo paorororiv ornv cnorurdotaorl ro1v $oorrciov
unolstppd,rrrrv rcaOiog erdoqg Kor orqv yerrrplrKR ropayrrrl"q.

fllueovextrl pata Kor lrerovmtrl pata tq g p ro pri(crq.

Baotr6 zu)'eovdrrrlpo cnq prcpd(og etvCI,t 6fl eivcn crvcrveofF€vrl qyrt svdgyerag rot 6rr
napfyet w6pyero crruo0qrceupwl pe popgl xntnr<rl. H o(tonotqorl rrlq pnopei va yiver p6
perarpozurl rrlg or pro pelri),r1 nornl.io npol6vtrrrv, pe 8rdgopeg pe066oug Kol rn xprtoq
o1enrcd oru)'t1g c26voloyiag. Eriorlq o'ra nL^eovercrqporo qq rcoto)"of(etar rcor ro 6n
rotd' c]v nopolcoyl Ko,t rtlv petotporq rng 6w 8rlptoupyorivrur otrco),oyncd ror
neprBa)"l.ovto),oytrd, npoBl"qparcr. An6 qv dl"l"q oo,v popgrl evfpyeraq q Bropd(o
lopartrlpi(eror o'[6 zcoi"upopgta, 1opql"6 wepyet0,r6 nepre266pevo (oe oriyrptorl pe
netp6)"aro, rdpBouvo) l"6yro lopql.r]g nurv6ultoq rco/r1 Dvnlng nepterar6rrlroq os
vep6, eno26rr<6tr1to, peydl"q 6tcronopd,, rl"n., t6t6rr1reg rou olvezdlovro,t 8oorcolieg orr1
oul.)"oy1, perorpopd, rcar ono0rlKeuoq qg. xov o-uv6neto to r6orog perotporqq rnq oe
popq6g w6pyerog rno rotdl^l.nreq ytu eurorrl ror.zr),a,rero.x,pno+rofiotqoq nopapfver
aprcerd, uryq)"o.

Ta:2gvoi'o1[a

H Bropd(o Ylc, vo o(tonotrl0ei oov zrqytl sv6ptetog npdner ouvrlOcog vo psro,rponei oe
popqn rardl"Iql,r1 yto rnv r*ucrl ?1prlo'n. or pe0o6or petotpozqg 8tarpivovro,l or
0eppop1prrc6g (hp6g) Kor Brop1ptrc6g, (uyp6q).H ezn^}"oyr1 rnq pe066ou perarpozqq
npooDtopi{erot cn6 rc Boorrd, otorleio Kor rqv nepte266pevq uypooio rrov uno},etppd,rrov
qv rbpa crlg o-ul"l"oynq.Or 0eppoplprrc6g 8wpycroieg pqorponororivrcrr TlCI, ro ei6r1 rqg
Brop6(aq oe o16oq F€ r1v uypooicr<50%, 6lLn8r1yr.o ra npol6vro Kor ro urol,eippcrro rrlq
rurtu,pivrlq. Xttg 8repyooieq o,ur6q nepr),a,pBdvovro,r :
a) H mp6luor1.

B) H oneu0eiag rcorior1.

T) H oeptorcoirloq.
6) Hu6poyovo6rd,oncro'q.



Xofon Btopd,(oq Tta ruapayrrryrlotlrori TEI Xeppdov

Or Brolqpnr6g 8tepyooieg ovopo(ovrrr,l6tor enet8ri eivct onotdleopa prrcpoBrorcr'1q Spuoqq.
Xprlotponorc0vtor 1ro ei5r1 rqg Bropd(CIq os o16o11 pe rnv uypcrciic>50%, 5ql.o6rl Yru
npoi6wu rar uno).eipputu rcupiro,c )"o1uvmrrlv, rcrqvotpogtrcu clzr6B),r1ru. rc]"n. Ittg
prolq prrc6q 8rcplaoieq reprtrupBdvovro,t :

u) H oep6pru (ripcooq

B) H uvoep6pra (ripootl

y) H alroo).rr4 (fptoo4
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K,.altJrc .l. i ' :rrcr:c !r:t;dnrr
d rvcJ .  f tu r l  J * r lT

llrpl:r.rl4ic1

Err6va 3: M60o6or petcnponrlg Brop6(oq [r]yn: [al
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Keqdl,uto 2

Kcr6orl

H rcor5oq rou (ril"ou rcct 61,)"119 oreperig Bropri(oq eivat r.1 nal.udteprl wepyenrcrl
telvol,oyia Troo Xpnolpozroreitor un6 rov dv0pono. H telyol,oyio tqE rcario.r1g eivoi
epzoprrcd, rcoOreprrlp^eiq xoOiog e<popp6(era,r orrs zeproo6.uepo propq26crvrr6g Kol
ovo,ztDoo6psvsg X,J,peq. H avdzuo(r1 tr1g te26vol"oyicrg oorrlg ouyrcwtprirvercrl orrlv
ezr[],uor1 rrrlv rueptpa]"]"ovaxrbv zpop],qpdrrrlv, Be].aiovovtcrq rrl TsvlKr1 gru66ooq ps
),eiroupyta rol"l.unl"iov rco,uoipov rcar ou(dvovroq ro Bo0p6 on66ooqg qg io.luog rccr 6oo
ro 6uva,r6v roug rrirL.oug 0epp6cqru,q.

Eztrcrc6nnofl cooxeildrv :

Ot ouorceu6q nou Xprlotpo?tororlwor yro Tnv tipeo-n rorioq rrrrv orrpeiov rguc.[prrrv
Brcpri(og rupaivovtot o,n6 14 prrp6g eocrrcprr6q o6pneg (l erirq ro rW) p€xpr roug
peyo,l"ritepoug l"eBrpeg fiou xprlorponotoriwa,r orqv napayroyr] wfpyeug rcor ong CHp
eyrco,raordoerq (>5 Mw). or w8rdpeosg o'DoKro6g eivar ptrcpoi )"6pqteg (10 erirq so rwy
XlDtlolpofiototipwor ornv Kwrpucrl 06ppavo1 orKoysvetc,riDv oznnrilv, peooiou pe760oug
LeBqreg (50 erbg 150 KW) xpTlotponotofpwot yro 06ppovoq otro8oprirv rar peyril,oi
l,6Bqrcq (azr6 150 WxpL rot pelol,ricpot ozu6 1 MW) ru)rlorponotorivtor yro, 06ppavor1
ol,6r)"qprov neptolcilv. T€)'og undp26ouv KCr,r or 0eppoql,erctprrcoi orcrgpoi ot onoior
Iprlotponoror5v rrrg rafotpo dvOporco or ono[or ozo8iSouv rop >100 MW zou 6po4 6w
eivcr equpp6o-tpot pa rco6or1 ptopri(og loi'rrl tl6 zreproptop^6vr1g romrqg 6ra0eorp6trltoq
pmpri(og.

Or ml2gv6tspo 2pqorp6zrororipevor xlipavor yra xaricrl prcprfi(ag

Tpogo6ooio Movri8o rcrfoqg I TDg Koforpo T6<ppafleprercar6qro
oe uypoola (%)

Xeporfvlrcr

o6pneg [ri].oo
2kw-10

kw Eqpd (6).n <204 s%-20%

AfBqreg lrilou
5kw*50

kw

onolsipporo
nol"ri uTpiov

(ri),cw
<zYo 5%-30%

Xp6l"or A6Brpeg oB6)"rov 2kw -25
kw

(r5l.rvor
op6),ot

<zYo 8%-t0%

Aut6po,ra K).tBovor
Unterstoker

20 kw - 2.5
MW

(r5}"wc
roppdtto,

(6l.rvo
unol,eippcrta

<zYo 5%-50%

Kl.iBovor pe
rcwofpaq cy6.pu

ls0 kw -  1s
MW

6l,u ta (ril.rvo
rc6orpu,,

neptoo6repo

Btopd(o

<5UYo 5%-60%



flpo0eppavrqpeg
ps oy6"pa

20 kw- t .s
MW

(rtp6 (6).0
un6lsrppotcr

<50/o 5%-35%

Kl.ipovor pe
neptorpep6pnnl

oy6"pa

2MW-5
MW

Kopdac
(6lou, DVIII

uypcoia
<5j%o 40%-65%

Kcruotrlpoq
al6pcrtv

3MW-5
MW

66paro
oprpou

<5Yo 20%

Kl.iBovot
ol,6rlqprrw

6epdrrrw

3MW-5
MW

ol"6rl"qpa
66poro

<5Yo 20%

Kl,iBovor ap5pou 100kw-5
MW

A6pocc
c1;r)pou

rcopp6vo
<5Yo 20%

Apetorcfvr1tr1
peootonotqpernl

K),ivrl

5MW-15
MW

Aui<popeg
ptopri(eg, d <

l0 mm
<50%;o 5%-60%

Peuorozorqparq
rc},tun

ovcrurl.o<popi.cg

15 MW-
100 Mw

Ad<popeg
Brcpd(eg, d <

10 mm
<5OYo s%-60%

@dl.opog rcur5oqg
o-rc6vqq,

napao-up6par4
por

5MW-10
MW

Auigopeq
Btop6(eq, d <

5mm
<sYo <200

+Korlor1

riv0poro

Aperurlrqtr1
peuoronorqpfvrl

K),ivrl

total 50 MW
- 150 MW

Auirpopeg
Brop6(eg, d <

10 mm
<5jYo s%-60%

Peuototrotrlp"6vrl
K),ivrl

avarurl,o<popiog

total 100 -
300 Mw

Ad<popeq
Brcpri(eq, d <

l0 mm
<50Yo 5%-60%

Kouocr1pog
olriprrw or6vrlq

s Mw-20
MW

66paro
olripou

<s%o 20%

@ri),opog rca6or1q
dv0porcu

total 100
MW- I  GW

Adrpopeg
Bropri(eg, d <

2-5mm
<SYo <20%

Xpforl Brcpri(os yra zrooaToyTn atpori TEI Xepoipv

;q Bropd(u ru,l"fnrer r(0p0rcrqp10rrr6 )"rlmepo un6 l}%ioqg erooyorYrlg rcuoiprov
[nyrt: [21



Xptiorl Fropd(og Tro napoTrpyfr utuori TEI Xeppipv

Eodeg rcariorlg

fwtrd:
f)g eorfo, roriorlg 26oporctqpi(oDpe rr]v 6rdro(r1, 6nou npaypotonoreitor I F€rorponl rng
Xnpltcng wdpyetag rCIv opTolrK6v rc,uofpov or wOo}"rufo rrllv Ko,ooo,epirov. H petc,tponq
uutrl yfvetcl ps rrlv avt[6poor1 rcrSoqg. Ko6or1 or'1pofvet rayeia o(ei6rrloq tou rco,uoipou.
To Bripoq roD oprcpori Bpiorcetot orqv l,e(r1 to26eio. Orov q o(ei8rool eivot to26eio, I Oap-
porcpuolcr trov ouorirv nou rco[pvouv t-rspog oqv ovdbpooq av6p6xrar Tprlyopu ytatf or
pn1ovtopoi qg petd6oor19 0epp6cqtog (oyrrlytp6clrcr, ouvoyrrryrl, urtwopo),to) 6ev
npo<pto,ivouv va an&youv rqv rucrpoy6trrwr1 0epp6qco npos ro neprBd,)")"ov. Eruer6r1 ro
opyavrrcd rofotpo zuepre2gouv 6v0poro,, peocrr rrov prl26ouoprilv cr16 rcnioqg rcapdlovror
ptKpooKotnKo[ rc6rccot or0df,r1g, ot ono[or zuuporcriovovto,r Ku,l6ror 11 fiEpw111l6nou liveta,r
rl rupioq ovdSpu,oq rnq rcor5oqg orovopol,ei fvtovo Ko,r epgovi(etot olg <p)"6yo.
Mnoporipe Lora6v vo nofpe, 6n q petarpolrn qg XntnKng ev6pyetog oe 0epp6trlto yivetor
octlv <p)"6yo. E[vor apogcrv6g 6tt n rarpn ]nroupylo prog eotioq rccnioqg etvat r1
8rlptouplio rcot 8urcflpnon rng qf,oyog. Xcqv roriorl no[pvouv pripog, erc6q on6 to
ro6otpo, to o(et6conr6 p6oo Kot ro, a6pavr1. Qq o(et6crlctr6 p6oo notpvero,r to o(uy6vo
rou odpo. C)g a8povfg 1opoKrrlpl(eror 6vs ouorCI,ar6 zuou 6w nolpver p6pog oqv
ovd8poorl qq ro6oqg, l.6yrrl 6prrlg qg 0eppo26rrlpqnr6rqrog rou ezn6pd nepropt(ovtog
qv 6vo6o n1g 0epporpooluq. To rupicrlg a8pov6g etvcr ro popurr6 6(ono (N2) zuou
nepttyet o ofpog rcc,r5oqq. ?\1"),o o8pcvq eivat n.y". to HzO qg ulpo,oluq roD Kouolpou rcor
tou o6po, ra eo1wr1 o6pro roo cr6pu,, 11 r6<ppo ol"ld rccn q naptooero rou Oz. To nipu
npol6vto qg rotiotlg eivot ro COz Kor to HzO ol^}.d, ror i26vr1 peprrirlv d.l^l,rov ooodov nou
arcotal"ofv roog prinoug. Ta roooo6pru,, err6g an6 ro COz Kor H2O nepre2gouv KCr,r ro,
a8povrl N2 Ko,r Oz. To oreped ro6orpc, proporiv vo roodv p6vo pe gl.6yc 6uipoqg.
Xtrp <pl,61a 6d1por1g to rcor5orpo crvoptyvr5eror ps rov o,6pa orlv eodo, rca6or1q Ko,r q
ovrl8pooq (rp]"6ya) cpf(er Kor o-uvrTlpeitor pe u1v ouvepl ovdper.(q. To p6pto rou Oz
pnoporiv vCI, ?tpooeTTioouv ro p6pto roo rcooolpou p6vo pe 6rdlpor'1. H rar5or1 trrrv
oteperilv rcouoiprrrv eivor pw nl6ov zuolfnl,orcq 6mp1oo[o, ytott anore],etrst an6
enip6poug 8tepyaoieg onrur,g n.y. (r1pavor1 (e(rirtrrto1 ulpaoiag), o,rceleu06poon rrllv
nrqnrrirv (zopoycrlyrl oepiov reiuolpcrrv), ro6o11 torv aepirrrv pe g),6yo 8uipolq
(opoywrlg avd6poorl), ra6or1 rou or6peou d,v0pora (etepolevrlq ovti6paon). H
tel,euru,tCI, 6repycoto rIq rorioqg rou orepeof ro,fotpou, nopouord,(er rrlv
rbtottep6tqro t1g erepoTsvor5g ovn6p6oecog 6qiuo6r1 to 6rr 11 ro26uqro xofoqg
e(optdtot azr6 crlv edtrrl errupdvero rou rauoipoo (m'lkg roooipou). To o8popeprl
repdytu, oncrtofv o26ettrcd peldl,o gr6vo Tro vo roofv rl"qpcrlg. Aur6g rlrov rcor o
),6yog, 6nou trre tqv rup6o6o rrlg te26vol.oylog ovormri260TlKs n rarior1 tou dv0pu,Ko, or
Fopq1 or6vqg r6rrcrrv. H gl,6yo o'r6vr1g riv0poro eivor gl"6yu, 6ui2guorlq 611)"o8rl
np6rcettot Tlcr pn?Covtrrl cvtipt(q trrrv rc6rcrrrrv pe rov o6pa ro6oqq. H ro6oq 6l,arv trrrv
ninov rcouotprrrv oroog l"eBrlteg ytveror pe gl.6yu 6d26uor1q. H rolefo rcut zr],r1pqg
rcafoq npotino06tet filv 6oo to 6ovcrr6v rol,rStepq cvdpr(r1 tou rauoilrou lrs rov
a6pa. Ezrer8rl 1 6rri2guo4 etvor pro poprorr1 6up7uo[o ?roD o?rorrei 1r6vo, q tolpqto
rcor5oqg e(oprdrcrr to2gupd o;rlo rrlv tropgrl pong oulv gl"6yo, 6nou ro uryql"6
arpBcil8eg 6ivet to ern0upqt6 onodleops,. ,4'116 ro rcaporudvo gofverot ra0opd 6tt, 11
KorooKtooonrrl 8top6pgrrlorl rrlg eodog ro6oqq, e(oprdrat rat' opplv on6 tov t6zro
roD rouotpou. Ito otep6o roforpo nptnet va Dnrpfvoupe petc(6 o6popepirrv
tepa2g[rrrv ror or6vr1g. To o6popepr'1 rcpayta roD ocprori rc,uoipoo fiopop6voov
orivqtc Kot o?(qpu,d(ouv oleard 7"r;nr6 otprirpc. Erc t<ov rdtrrl oSqyeftc,r o o6pag
rcrrioqg. To otpiopo, rou rouotpou Eiver rqv q),6ya, q onoto yspi(er tov Odl"apo
rd,uor1g.
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Xption Frolrd(oq yta nopayrpTrl orpori TEI lepp6v

{o0orUc

Errovu l. Iplporrrcrl napuorao'q c) eorieg olapag, B) peuoronorqpfvq_c rc).ivr1q.
ntryrj: [61

Edv ptrcpovet to pfye0oq r(Dv tepolicov roD orcpsori rauoipou ro.r puOptorsi 11 rc1riqru
rou o,tpo rcariorlq oe pto Se6opwq npt1, ro otpdopu tou rccruotpou 6ev pwet crrivrlto. To
prrpd tepapc opf(ouv va otcrrpofvro,t Kor 6ro1 8ivouv oro orprbpo ro XopoKrqpronrcc
ToD ptoorou, crfi'6tou rqpe Ko,t ro 6vopa. Mu(i pe ra tepali8ro, roo rcauoipou arcrrpeiror
rc.t q t€gpo. q ozroiu anoparprivsro,r cv ei6r1 peuotou. A6yro rou uy1)"orl mpB66oDg rnq
ptuorofiotnpsqq rc)"ivqg, ezmpatofv r6ovrrc6q ouvOrgreq percr8oolg pd(aq (toleia rot
ntrnpng rcrr5orl oe 0epporcpooieq 800-900'C) rcar perd8ooq6 0epp6rrlroq. T6oo ottq codeq
olapaq. 6oo rur 6fllv psooronotqpevq r}"ivr1. ro noloq rou otptbp{rroq rou raooipoo 6ev
pnopei vc uu(4Oei, nipu an6 6va 6pro. H ro1ug rqq eottuq rccruoqq eivar ava]"oyn rnq
8raroprlg nlg Kor enopfvcoq q rulnorpronoilon qq nepropi(etor oe lapq)"6g 0epprrc6g ro'r€r€
rqq td(errlg rcov 300-400 MW. Or rcouorripeq e6ril eivar neproo6repo e(et8trceup€vot ezredrl
q Koroo'Ksur1 toug 6ev elcptdrat p6vo an6 rov alno rou rouotpou a),)d rcar cn6 ro rcard
n6oov 11 ruriorl yivetar pe tntdpwrl q ),rrrlpevrl r6gpa. H eoda pd(r pe rov Ou)"apro rorioqq
ozrote]"oriv ptc, KclrooKsudonrcq w6n1ra rou ).eBqra. Isqv sorlcr yiverur q avdpt(q rrrlv
uva8pritvttrtv (rcuuotpou rcot u6pa) rcut 8rlproupleirar q gl"6ya. 11 onoiu 6pcog ercteivrro,r or
6l"o tov Od,)'apo rccfor1q. H xnprrct avd8poorl qq rcoriorlq apf(er orqv eoria (6vauoq)
rueparrirverar 6pog orov 0dl"apo rarioqg. Em6r1 11 q),6yc arctwoBol.ei peydtro nood
0epp6tr1tog, o Od,)"apog rcariorlq civat €tor 8upop<pcttp6vog ciro're or 0eppovnreg entqd,vereg
rou )"eBqto vcr nupol"cpBuvouv aunl q 0epp6rqtu.

Ect[eq olrirpuq

Eaiae8n orfpa:
H ezrine8q o1d,pu eivcr anl.r1 orrlv Koro,oKrur1 qq. Anote},sirar un6 poBbouq ftou rl1ouv
o"uvtl0roq 8utoprl tpone(iou rcut anflouv pera(r5 rouq 6-10 mm. H e).eu0epr1 8ratoprl yra
qv 6r6).euorl rou u6pc eivcrt ro 2A-25oh qq o-uvol.rrcr1q entqcrveiug qg olcrpaq. To
a8popreprlg rcar5otpto rupoodyetal ornv o1d,pa oe apard povrrd,8tcrorrlpara pe lerporcivqro
q prllavrrd grudpta. O nprrrteiitrlv afpuq (85% tou ouvo)"rrcori) npood.letar on6 to rdtco
p€poq qg oldpaq 6nou rcur ryr5ler rrq paB6oug. O 8eurepeiicrlv a6pag, erofplerar ono ru
nhuyta rorlrirpota tou 0a)"d,pou rariorlg. l"iyo nro ndvrrr an6 ro orprilpa rcauoipou. O
8eutepeurrrv a6poq oron6 tyet vu 8ciloer ro oncrroupevo o(uy6vo yro tt1v rorloq trrrv
ntrlnrcrirv oepiclv. frcr va pztopei vu gtaoer 6orq ror ro Ksvrpo rou 0atrdpou rcariorlq nptnu
vo erto(eiietat pe peyo),q rayttrqra Kor cr6r dqprcupyorlvro,r Kor or cncrroripsvor
otpoBil"ro'poi onlv q)"6ycr. To u7"tr6 rcataoreurlq rng oxapa; eivar 0eppoav0ercnr6q
lutoo'i6r1pog. Qg o16oq q6€qg 146 oldpaq opl(ercrt ro pfye0og 2hJb, onou h e[vur ro r)ryog
rco,t b to na$oq tov pdBSorv, (b : 30-20 mm). H o16oq Vf€qS nai(tt onotpoonrc6 p6),o
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Xprlorl Frorrd(eiE Tra aapaTrrrvfi aqro6 TEI XeppdDv

orqv 8tdpxera (ronq qg o166pa9. Xuvrl0clg etvat 2WB : 12. Ta perovercr4patcr rng
en[rue6r1q o16pc,g etvot: uvnltl trprl rataoreuqg, ereprcptopwrl to?Cug peydlrl nepiooera
u6po (q : 1,3 6arg 1,6). Omv rotyerar 6v0parcag oulv o2g6pa, 0a np6zcer vcr ruepropi(eto,t
Kol I zupo06ppavoTl roD ur6pa orouq 100 6o4 120"C, Tlo vo, angVer?fetol rl rtl6q qg
r6rppog. H a:ruprivera rrlg sn[n€6q6 or(6po€ e[vur <n)v{0a4 2.5-5 m'. H 0eppu.l q6pnoq
eivcn 0,7-1 Mwfit'. H eafureSq o66.pa cnuvtdtct dpepa otqv Btopry6avio, oe ptrprfq
pov66eg rcarioqq.
K]'rparcrrtri cttf,oa:
Xqv ruclpdrorrrr sm6vo 8ivstat I CIp1q l"ettoupyicq qq rL.tporanlg a2gripctq.

Err6va 2. K),ryarrrx4 olipu: u. otprbpo dvOptrrcn, p. emie6 rcuiror16.
nryrl: [61

flp6rerrat yro prCI napol"Xnyq tqq rerhpnrqq o2g&poq, nou oleStdotrlKt Tto rrlv roriorl
hyviq rar (6l,orv. Xe o,n6oraorl nepinou 500 mm to ruoOato6vtcrt eyrdpoto npogtL, advrrr
oro onoiu o'mpedoverur q rl.tpotrrlol o26fipu. H rc},io'rl r1q o?(dpoq np&wt vo elvur ].iyo
prrcp6repq on6 rqv ycovui rptprlg tou rcaoc[pou yru zrapd8etypo Tfpqn 30", AtyviqgS4,
Eri)"o 40". H o266o11 Vrt€qq acrtpvetur aepinoo 1, oX1.61,61rrr rou 6tr q 0eppoy6voq Srivoprl
rrrrv napaadvro rouoiprrrv eivar ptrpq, 6w ncri(er onou8aio p6l"o.'Orrrlq tpaivercn Kol ofilv
etr6va ot aniolereg 1"6yro mdooqq ruriorpou oru6 cqv qgripo eivur el"ri26tcteg. To nfrvrrr
p6poq rqq oldpaq pqorpe6er rrrq nepro26q €npovoqq mu ruuoipou. To nLdtog qq oldpc4
rprdver 6roq to 1,5 m, ro prlrog qg 6ro9 ra 7m. Maoporiv va rono0eulOofv 6rrrg rur 5
ncrp6}'l,qL"eq o266peq. H 0eppxrlq6pnorl eivur 6rrrg 700 KWim'.
Krvodpsvn ar6oa:
Tqv crp26r1 Lerroupyioq qg rrvorlps\qg oldpaq Eivet rl rcopcrrcdtrrr etr6va.

Eu6ya 3. Xplpc rupooayoy4q c6pa rcarioqq oe rwofpw4 o1&pc, A. [r1pcvor1, B. anuepftooq (ntlnrd) rut
6vtruoq, C. ru6o4 ro16, D. nepdrooq qE rccfor1E.
hyrl: [61
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Xprion Propd(og Tra rcr.paTrrlTrl aqrof TEI Xeopdrry

flp6rceitar yto pto CIr6ppovCI aluooiEa an6 priB6oug or KordMql.q preur(ri rouq CIn6o?oorl
riro're vo Sqproupyeiro,l rl sorfCI o266pog. H oluo'i6a ornpi(sror oe pucporiq rpoloti€ Kol
rryeitsr p€ ptKpq raybrtltu Q5-250 mrlmin) H rorioq yivetor ofi6 cr,prorepd npo6 to
Ee{ni. To rufotpo rcDl.der on6 to or}o ornv Kwofpsvq o1dpo Kor ps rrlv oKrtvopolio tqg
tpl.6yog, orc6 tov lcilpo rcr6oqg, fqpaivemt, onceprofmr 6qla6rp erl.irovrur ra ntrltrrd
ror upf(et vu tcc,tyetar. H rcrforl rot) Grsproir rcorq 8rc,prcei o,prer6 pr6vo rut 6tot oto
t61,o6 tou 6p6pou 11 r6<ppa anoppitwr.ru,r o' 6vo larvl azr' 6noo crropurpiverot pe
ratdl,?"ql"o olqpoto. H nopeio rqg rofoqg anormi 8tatpopearodg 6yrouq odpa rcrtd
ptlKoq qq o1*pog. Ecnv ruepro2grl rqq o,zcoeptodlS, 6noo roiyovror ro ruqflrd ouotcard,
oactrsitur nol,r5 zreprco6tepo6 a6pog an' 6tt oto dl"og rou 6p6poo 6nou rcaiyeror ro
o'tepe6 rcorg. H avdyrrl oe ruoo6rlca afpa rcotri pr1ro6 rqg o1dpag 8ivemt o'rqv etrc6vu.
fio, vo erntm2gOei rl taritroq q6 avripn16 ueps ps rqv Etcrvoprl rou o€po ror5oqq, o 26iopoq
rc&rrrr azu6 rr1v oyupa y'ul,pi(eror oe (irrveq. Me ru nrepriyu pri0poq6 elnruyydveror I
em8upqrq rurovopq rou ei6pg rario'qg 6narg 6efp.,er q etr6vo. Or priB8or q6 o16poq eivcrr
Ko.ro,oKtr)fl,opfvor crn6 0eppoov0eflr6 p:rrrprorilo 16&l.uBc. O o6poq rcriorlg 6ev pnopei va
npo0eppov8ei eL€f0epu yrxn npt:ttst vo e(oo<pali(er Kor nlv yri(q rrw ptipdaw cqq
o1d,pu6, fto npo0fppovorl crfpo 6rrlg rcot 200"C q 0epporpcclu rrrrv pdp8rlv eivat zuspiaou
350'C. To rudlog tou otprirpotoq roo dvOparco a*vrrr oqv olripo rcei0opi{ercn crr6 to

trrfyeOoq rrrrv tepali(Dv Kor ro et6oq too dvOpora, 6ruoq 6eiprer q arrc6vu 4.

57o ftrTlTrxd ouoTcnKo

z o  3 0  4 0 -
Mey. Ud.ye0oq x6xxqrv oe mm

Eu<6va 4. Ililoq otp6paroq rcauoipou oe rrvotipevq olipa.
nqyq: [61

Tel€uruio el6l,(n orqv c2gvol,oyia rcnio'qg os rcwoirpevq o266po anoffi}.ei rl
ouropotonornoq rrlg o?C€or1q a6pa rarSoqq/roooipou, 6noo avdl,oyu Fs ro n*26o9 tou
orpdrpatog poOpi(etar q talpcqra rivqoqq crlg o1ripu,q. fw, vu 8reoroluv0et q ra6oq rorv
ntqnriov, ritog rcat 25Yo rov a6pa rafoqq etodystar arc6 tu nldpo ror26irrpa,tu, tou
Oaldpou rcnioqq (ndvrrl aru6 to o'tpdopu) rrlq 8eueperierrv ufpag pe prytilq mlltrpo pot1g.
'Evo perovfrqpo 6l"rrrv trrrv aofldDv oldpcrg, etvar 11 crvdyral rutlo4roroiqor1g peytilqg
nspi<ro'eruq a6po (q: 1,3 6rrrq 1,6). H Oepprrcq q6pno'q q6 rworipevqq old,poc,eivutl-2
MWm'. To a),6tog cqg o26ripc4 eivar 3-3,5 m Kor ro pqrog cqg eivot 4-6 m. Mnopei vu
Iertoupyrloer o6 eodo rofoqg os Leprpeq pe rop 6a4 120 t arpori/iopa.
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Xpnon Brcuri(oE Tro napaToTn oqrof TEI Xeopdlv

Ir6oa zrp6a0rac rpodl0nonc:
H rcrtcror$)rl outori too nietou ox&pCIg eivo,r 6rcr irrots vo erntp6net ro <<rrcd,l,topo .nlq
0pdrog> pre o'riypovq np6o0to npodrl0rlc'q rqg. (Og ynrror6v Opdxa eivor to rnrpurrrnprf,vo
orpiopu rou dv0parco). H oyapu fler pro tnKpq diorl npog ro, eprp6q. Kd0s 8eiitsprl
priB6o6 (rl r)"rira) eivat arivnq, wdr or dueq p&B6ot paopofv vo rryofvrut
aolw8poprriog 6nrrrg 6ei2ryer q arr6va 5 ror orrlv em6va 6 6efpretor ]ffr KrrrooKsDaonrc4
dnoyq rcov priB8alv tr1g olipclg.

Em6va 5. XX&pn np6o0ruq rporir0rlorlq. Xplpumrl ene(r1y4or1 a1g ).enoupyioq qq.
ffryrt: [61

Errc6va 6. Karc,orcsoq pdp6ov oldpaq np6o0ruq rporit0qoqg.
nryr1: [6]

H nalw8popllcl rivqorl yivetu,r [l€ rnv por'10ew u8pau].trcirtv ru]..tv6pow. H ouvo],rrcq
rcivwrl tou otpioporog, pr41pr a61oug 500 mm, sivut an6 a,protepd Trpoq rCI 6e(ui. H
rivqorl tov pd,p6rrlv npoq rqv cvdOetq qop& (no)"w6p6pqor1) aporcu,hei to <o'rc6).rcpo>
5r'11.. cqv tornrrl avd8euorl tou otpiopamq KoL slrfiobr(er qv 8qprouplio pru6 ouvugorig
<0pdrcoq>, entrptnovrag 6tor qv Sul.euoq roD u6po rcarioqq.Kar e6iD o o6pag raforlg
rotcvftrreror oe 8uigopeq (6vec rdtro un6 qv o16po. H 0epprr'1 g6pao"n qq o266pog
eiveit zreptnou t tvil/m2-*o."eivor rccrt&?,.Lqlrl-Tto qv rarioq uTpoi) ?tryvicq xor
l.r06v0paru nou 61et tricrq vo o26qpod(et oupnoyrl 0prira. Xpqorporuorettat orlpepo yta,
qv ro6oq aropptpdrrrrv Ko,1 oreperirv onopl.r'lrcrlv rqg Bropqlnviuq.
Xzf oa, av6ctooronc xivnonc:
O mrog aut6q a6 o16po6 ovanrflgrlKr Tro c4v rariorl q'pof rar nl,oriorol) or r6gpo
Lryvitrl. 

'Ono4 
rpoivetar rCIr cn6 to oplpcl rr1g err6vaq 7, 11 oy6"pa avdotpotpqg Kiv1ortq

626et pey*l.q r)"ioq. H zrcrl"w6popKn KivqoTl rrrrv sl,fli0eprov pdB6(Dv, ?rolr e6i0 etvut
ml,eirrrg eirineEor, enwp&w rnv Kivqol tou rau<ripou Kur' clvri<rtpogrl gopd 6q1,. an6 to
rdto npog to dvrrr p€poq tr6 oSipaq. To qp6oro ra6o'rpo <yluorpdnu ndvrrr sn6 to
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Xonol Frcpd(cq yto zuooayroTq atpof TEI Xeppdov

orno0obpopofv ptoorcopufuo rcur5orpo.H purptcr uocq 6u5potrn1too ruuoipou oqv o26dpa
uruoBor'10der otrlv (rlpuvoTl Kol rfvauorl.

EK6vs 7. }yapa av&orpoqqq Krvqol1q.
Ilnyq: [61

H uSpll rot oteped rotaorceur'1 CIurr1g crlq 6rdm(qg eivat e}apota euulo0r1rq oqv
nopouolo (wcov oropdrcov oto rarianpo. Or t8toqteg uut6g eivot fiolii rcutdLl.qLsq Tur vo
pnopei 11 oldpcr auroti rou rfrcou vs Xpnoqrorotq0et rot orqv rcufoq ocpeirrv
oaoBl.rltrov. ISrcitepq oqpoo"io 61et e6drr ro yeyov6g 6a ra azu6Bl.rlto ruu,popfvouv oe
uyrll€q 0epporpooieg trcrv6 lr6vo irrme va ruroorpfqovrot ta prrp6pra Kot ot oopeq. H
npo06ppovorl rou o6po rurd, qv ruriorl rcrw crnoBL.qtrov pruopei vu eivur rat pfprt 200"C.
H 0epptrcr1q6pao'q T1o rqv rarioq dvOpcrrccr eivot l-2 MWm'.
Xtf peq ra6on c uztooprurf,tcrv:
Erct66 trrrv Stotd(eov np6o0tog KCIt wdotpotpqg npodo0qo1q, orrlv ro6oq otepeiov
unoBl,rltrlv Kor rupioq anopptpdtarv Xprlotpofiorofvtar Kot 01 o266peq rarv
neprorpe<p6prvCIv rol,iv8prrrv nou ovenr6260r1rov et8trd yt' aut6 tov ororc6 (etr6va 8).
Or rril.rv8por 61ouv 8rd,petpo aepinou 800 mm rst eivor 6ror rono0etqpwor doote va
8rlpmuploriv rerd,rpevrl sotlo. H ernqdveta rrrrv rcul,iv6pov oppod(etar an6 napriLl,rll.cr
ronoOecrlpfveg o8ovtrrrtrlg l.ropt8eq 0eppoav0errrrof 26&l,uBu. Kti0e rri)"w8pog 61et c4v
6trr1 rou rivnoq pe 6uvur6qra pri0prrlq rCIv o'tpogiov. O afpug ra6or1g rotov€petat
rotd (rirveg rdrrrr crr6 toug lcul,iv6pouq.

EK6vs 8. Elipu neprmpeg6pevorv rul,iv8prov.
[q1n: [6]

Me trp (e26optotr1 rivttort rcrrv rcul.iv8pov Kot apoooppoyq rrlq Tmplorpog1g touq oe l-3
otpogrfg ovd iopu, enrvyyuv*or nl,r1pry rarioq. Itrp rcrfoq rcov sfiopprpdtov, ta ozroia
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Kord, Kov6vu, Ttsplt1oDv peTd)"o Troooord zrrrlrlKd)v ooord)v otrEawlinal" r8rotrepq npoooyl
ornv Kcltovopq rou o,6pa, rccrfoqg. flepizuou to 80%o tou a6pcr npoodyeru,t rog nprrrterirov
a6pog pe 0epporcpooio npo06ppovolg 120-200"C. o beucpericov o6pog npltwt va
ero'd,Teror pe p,eya,Ir5reprl rolpcqra. olt'6tr oro d,)"},o rcariorpo. Og ?(u,polcr1plocrr6 p61e0og
Ylo rTlv nepiooew, o6po 6ev na,tpverar e6io q neprerttrc6filro, os 02 -6ncog oroCIq ouvr10e4
)'6Bqreq- ul.l.d q neprernrc6rrlro rrrlv rcruoa,epirrrv oe co. o ouwel.eo.rrlg o16oqq o6po
etvur: n : 1,6 6,aq 2,0. Eva tSroirepo ,(cr,pol$Tlprorrr6 rrpq rarlo'qg otepeiov onopl,qtov
eivur or aopoy6psvot p6not, rrov onoiov o apt0p6g Kor rl zcoo6cqra e{oprdrot azu6 t4v
orlotuoq trrrv ercdoror€ ofioppttrrdrcov. llp6ner vu, ncrlpvovtat orroo8rlnore p€rpa Tur rov
neproptop6 ercztoprqg pr5nrrlv 6nllgn.y". SO2, CO, rco0rilg ror /,ropto61rov xor rp0optor5lrrw
sv6oerrrv.

@ep po6uv0tnK6q uzro),opopo g
To rcu,riotpo ernl,6yeror pe rcprdpu, fllv uypooia (q<20%) Kor rrlv 0eppoy6vo 6rivopr]
tou (Huv>4000 kcaVkg). Xqpovrrr6 p6)"o ncri{er ezrioqg Kor q noo6trpo Brop6(og euou
napfyer0r Ko,t fioo pnope[ vCI, Xprlolponorq0ei oov rcoriotprl ri],r1. O runog sodoq rar5oqq
nou ernl'6yero,r yro ore).61q opop6orrou etvor rrvofpwq o1d.pa.

Me 6e6opwo rTlv fiopoyrrryrl otpori ( kg/h) Ku,r rTlv Oepporpcrola ero66ou tou vepo6 orov
orpol"fBrlrcr, to Brlpoto, roD Oeppo8uvaprrori unol"opopori reptlpd,govror orq rua,pordtrrt
w6rqreq:

2.1.Ynol.oyrop6g rnq nopop'1g tou rcouoipou.
2.2.Ynollvytop6g qg nupoffigroo o6pa qg roriorlg.
2.3 . Y noluo pop.6q q g orioroorl g rrrrv rouoaepiov.
2. 4. Y noluoytop6 g q g ruopop'1 q rrrlv Kouoce pirov.
2.5. Ynol,onop6q rqg 0epporpooio6 e(66ou rrrlv Koooorpirrrv on6 ro Odl"opo ro6oqg.
2.6. Y no)loyrop6g qg ano6r66pnqg ro?Cuq otov g1.oyo06),opo.
2.7. Yno),nytop6g tqg oro6d6psvlg rolpq oag 66opeg sul.iov.
2. 8 Ynol,oyrop6g 1u,poKrrl pronrrirv peye0rilv too orponl.6pqru.

2.1 Y no),,vtrcp6g n1q nupoyilg too ncooipoo

O uztol.oytop6g qq ouvol.uc[g to26pog tou otpoliBrlro eivot ptc enovu].47ralcn 6to6trso[o
"try & error". Apprcd yivercr prc erctpqon rng toploq Ko,r rou pa0po6 on66ooqg rou
ctpol,eBlto ioote vo zporcriryet q Korovd,Ialotl rou rauolpou Ko,r ocq ouv62gero oro]',ouOe[
o ovalonr6g rorlg urol,oyrop6g.
H ouvol.rrcrl ro1ug rou o,rtrrol"6Bqto eivor:

P = lno. (ho_h")

6nou,
mo- H zcupcryclyrl tou otpor5 oe [kg/s]
hn - H w0okulo tou orpori [kJ/kg] ocrp zuieorl ].erroupyfog, p oe bar
hv - H wOclzr[o too vepo6 [kJ/kg] ocq Oepporpoolcr ero65ou, T oe 0C

oy€cr12.1.1

Yno),oyrop6g qg 0eppoy6vou 8rivapqg rou rcouotpou:
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Xolloq Btolrd(ac Tta noooToTf otpori TEI lepp6v

oy6or12.2.l

oyto12.2.2

H 0sppoy6vog 8rivoprl oteperrrv rcc,uotpcrtv, nou eivcn Tvrl:orn q oriotoorl touq,
unol"oyi(etor crn6 rr1 o16oq:

/)
H  u  =8100 .  c  +  29000 .  ( h  -  : ) +  2500 ' s  -  600 '  w.  g_ 

' .s  -  ouu. ] r  oy€oq2. I .2

Apo nporriTrrtl tl 0eppoy6vog 8rivopl tou rauoipou Hu [kcallkg].

O ouvo)"rrc6q pa0p6g on66ooqg tou l,6pqtc rooritot prs to rql"iro qg ro<pr6l.tpng lo1t)oq
Trpoq rnv npoo666pwrl ev6pyetcr, 6q),o6r1to yw6pwo rqg pong pri(og rou rouoipou erc[
qv 0eppoy6vo 8rivoprl tou.

-P

H u ' f f i u

6ruou,
n - Bcr0p6q on66oor1g tou ctpol.6Bqtcr
P- H o'uvol"ucrt toXug tou crtpol.6Br1to oe [KW]
Hu - H 0eppoy6vog 8rivoprl rou rouoipou oe [kcal/kg]
Apo nporc6ftrt1q nupo26r1 tou rcouotpou mb oe [kg/h]

oyi.aq2.l.3

2.2Yno\oyrcp6q qq aapoplq too orfpu xcfoqq

fro orotteropstptKfi rccrr a),t'tpn ra6oq lkg rauoiuou to ototxetopetptr6 Oz noo

onottsitcrt elvot:

^  32  t6 ( .  o )
O , i n  =  

6 - c + ; l h - -  l + s
L z  z \  8 )

H otortetoperprKfl fioo6Tnto o6po eivar :

Lmin: O^in10,232--11,49 c + 3 4,48 (h-o/8) + 4,31 s

Apa nporoerrer L-;n 
kg at4a

ksb

H npoTpaori noo6trlto, o6po eivor:

L= )"*L.in

6ruou,

). (q nepioero u,6pa)

, kg aipa
t'nin 

kg b

Apu nporcunTtt Ln.,;n
kg aepa

ksb

Ynol"oyrop6g zcapodg o,6pct :
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H nopolq ufpo 8iveror ott6 rqv o16oq:

m ; :m6+L

Apo nporcrlzrrfl rr1 oe [kg/s]

oy6or12.2.3

cgtot12.3.1

oy6or12.3.2

oytcq2.3.3

oy6oq2.3.4

2.3 Yno),,vyropr6g trlq oriotorcqg ralv xcrooaepfotv
H pd(o tou €qpor5 rcruooepiou otorxetoperprKRg rcofoqq eivot:

Fcor: 12,494 c * 5,3 | s + 26,483 (h-ol8) + n

Apo zporrinrn !r6s1 
ffi

H ud(a tou vepof ora rouou,dpro e[vo,r:

FH2o :9  h  +  w

Apo nponSTrrer [rs2e 
ffi

H ouvo)"rrrl orortetopetprrcrl pd(u tou rooooepiou eivar:

tlc,o: Fcor * puzo

Apo rcporcffitelpr6s 
kg rc'

ksb

H npo,yusnrcl'l pd(o, rou rouoaeotou eivCI,r:

Frc: Fco+ L-in(),-l)

Apa nporrifirel Fc 
kg rc'

ksb

To rsuoo6pro nepr6ler CO2, H2O, N2, 02, rcaOriig eTuiorlg rcor CO, H2, NOr, rc onoiu

6pclq eivcr apel.r1r6eg zcoo6trlreg.
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Xprloq Fropd(og Ttu nopoTcovrl otpof TEI leppd)v

H xatd p6(a oriotaon too xaooaeoioo etvar:

fro to COz rflo:

,4'z16 qv ru,rioq 1 kg rauoipou nopd,yowor:

44:c ks CO"
12

Apu, ro ruuoo6pro nepttyer

frcr ro HzO 6lrrr:

An6 qv rcorioq 1 kg rouoipou nupdyovtor:

ks H,O
9 .h+w

ksb

Apo to rouoo6pto nepttyet

fro to Nz 6Trl:

An6 qv ro6o11 I kg rouoipou nopdlovror:

32 76,8 76,8 0

12 23,2 23,2 8

oytor12.3.5

kg N.

ksb

fro ro Oz 6xr.o:

An6 tqv rorloq 1 kg rcouoipou 6w nopdletat 02.

H xotf 6yxo oriotaon torl rapcaeoloo eivar:

To otorleroperprr6 02 nou cnotreitot eivo,t:

t  ( .  o ) t  s
U - i n  = ;+ l  h  - ;  

l - + -r L  t  o , , 4  3 2

H otorletopetprrcrl noo6rqta o6pc sfvct:

o(o\
L^ , :  

- ' u t r  - 0 .397c+ l . l 9 l  h - -  l +0 .149s
0 .21  \  8 i

H rcoo6qro o6pa nou 6w ouppetfler oqv rcorioq eivut:

-  - o ^  ( t  h  o  r )L -  O^, ,  :  )L^,n -O^;n :  ^#-O^;n : ,  - [ ;  *  
i *  i .  U)

H o-uvol,rrcq noo6tqrcr roD KcrlJooepiou etvcr:

. hown
n , ,  =  L  + -+ -+ -+ -' 4321828

oytor12.3.6

oy€cq2.3.7
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fro to COz 6Tat:

An6 rqv rarloq 1 kg rauolpou nopdlovrcrr:

I .c lonol CO"
12z

fta to HzO 6Iro:

Aru6 rqv rccniorl I kg rouoipoo napdlovror:

hw
+ bnol H "O218

H fioo6filro rop N2 oro, Kopoofpt0 eivot:

. c  h
L -  =  L - { - +"  ' t 2  

4  32  32 '

2.4YnoLoyrop6g tqg rcpoplq rorv xoooaepitov
H napopl rouou,epiou 8ivetot on6 t1v ol4oq :

f I I y : IT16+t t l1

Apo nporcrifitel mv oe [kg/s]

oy6on2.3.8

oy6or12.4.l

2.5 Yaol,opop6q tqg 0eppoxpaoiaq e(r66oo rolv Kooooepfrov azrtf rov rplolo$rfilapo
Ta ro,uoc6pru, nopdyovro,r oto O&l.opo rcofoqg rcor noipvoDv rrl Oepporpaoio tqq

tp)'6yog. Kard, trlv nopeio toug 6crrg qv 6(o6o o,16 n1v ronvo6626o, yflovrot 6rrlg trp

0spporpu,oic, ta. xto 06)"crpo rarioqg q 0epp6tqto peto6i6€ror ps o,rrrvoBol,io oro

vep6 nou elarpderan, w{i) ra rouoo6,pro yri2govtar 6rrrq q Oepporcpaoio t6. Mer6 to

Ori)"o,po rcu,rioqq, q 0epp6qto pero6i6eror lre ouvoyrrlyrl rupirrlg ottg eznqdvs6q rop

).eBr1to. 'oL,eg 
or 0eppavnr6g ezngdvereq zrou pp[orowur pet6 ro Ori].opo ro,rioqg

o1e6td,(ovtot o6pqolvo F€ roDg rcov6veg tolv wal"l.arrrilv 0epp6n1rag. O unol.oyrop6g

rrg Oepporpooiaq e(66oo rttlv rauoaepirrrv on6 ro Ori),opo ror5orlg tE, 0a

npaylraronotrl0ei p€ rnv p60o5o qg p6ong Oepporcpooiag Tn.. H npiou.lnopo8opi eivor

6n 1 rcofoq ylvetor oru,pro,io otov rru0p6vo roo 0o],6pou rcrforlg Kor ro rauoo6pur

naipvouv rn Oeolprlnrrl a8rcBoarcq Oepporpaolo taa Tcr rcauoc6pra erczr6pnouv

orrrvopoluio rpoq rcr torlrirpoto, roD 61ouv cqv orcOepq 0epporcpooio tw Kcr,r

e(6p26ovtot ur6 to Od)"opo ro6orlg ps rn 0epporcpaoto te H Seftepq zropcr8opi etvor

6rt q or,crvopol,io rcov Kooooepfov 0ecrrpeitor 6tt flvetar F€ Tnv peorl Oepporpaoi.a T.,

q onofa opi(erot rrlq:

oy6oq2.5.I
Too xTu
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o7[oD,

Taa

Tr

Xprloq Brolrd(ug yro na,ouTrrlTrl orpor5 TEI Eepo6v

(H Oecrlpqnrcrl o8tuBaarrl Oepporpootu, rcorlor1q)

(H 0epporpaoia e(66oD rrrrv rca,uooepictv rr,fi6 tov <p)"o1o0d),opo)

Yno06tro npr1Tsro,t Bpforcrrl rrlv T*

Ynol,oyropr6q Oeo pnfllcrls a8tcrFsfl KrlE Oeo porpooiug rcrfoqq

H Oerrlprytrrl o8roBoarfl 0epporpooio raforlg Tu6 rooftcrr lre rqv Oepporpaolo fiot)

ovoTrnioooDv ro fipoT6vrCI, qg ror5orlq (rco,uoo6pro piyl^to) 6rov to ovnSprbvru n1q

rcu,rioqg Gtitpo o€po-rauoipou) o<pe0ofv vo raoriv oe obtcBonr6 06lcpo uz6 oto,Oepr1

ruieoq. Xrnv zrepfncoorl oDTn, n sv0a]"nio rcDv rcpoT6vtotv orqv c8ropoarcq

Oepporcpoota 0a npfurn vo toorirot p€ TTlv wOolzula rrov ovn8prirvtrrrv rpw Tqv

crvd8pooq o'rqv Ospporpooio, ero66ou roug (npw qv rorioq).

Enopwrrlg oripgrrlva W Ta napuxldvrrr toplouv or no,pordtro ol6oerg:

o7[oD,

h^Qr)

h*Q): hrQ,a)

h^Q): Hu* uL^inbor,rl "r,

h,Q*r=l*, "bi,,Vf",*

hr?'o)

Hu

AL^in

b',,,t

l"i.,Y

(H w0al,ruio rrrlv crvn8prirvtcrrv fipw rnv ovd8poorl oe Oepporcpcloto

ty:293 [K]: 20 rcl)
(H wOc),nia trov npor6vtov orqv a8ruBatrrr1 0epporpooiu ror5orlg)

(H 0eppoT6vog 8rivoprl roo rouofpou)

(Eivo,r 11 ruoo6qtcr tou u6po [kg L/kg b])

(Eivor n p6on er8rrrl 0eppo26rrlpr'1nr6n1ro rou o6po [kJ/kgK] o'crv

or-rvapqorl qg Ocpporcpaoiac ["C] )

(Efvot q p6oq et6rrcr1 0eppolopqax6rqta rrllv ooorcr,nrcrbv rou

ruuooepiou [kJlkgK] oov ouvupnqol qq 0epporcpaoiaq ["C])

(Eivor ro rl.dopcra pd(ug rov oDoro,mrirv roo Ko,Doo,rpiou fkg/kg b]

rov oDoru,nrciov roo rouooepiou)

i :  CO2, H2O, 02, N2

OrcrirBptoq 2006 24



o uro)"oyrop6g qq dyvooo'lg Oeropqorcrlg o6roBcnrr'1g 0epporcpaoio,g roriorlg tu6

yivercrr pe tr1 p60o6o 8onprlq rcn eacrl,r10erlorlg.

fro

Hulkl lkgl

i l^ infkg, lkgul

b'^,k tkr tkgKl

llporcrizrcer 6a:

hn(tr-) [kJ/kg]

Arivovtog qv nopordtrrl o266oq cog npog to4 nporclnret

Hu + uL^inb'r,r( xtt -l*, 
"bi.,t'1,,*

@eoporipe orqv 7ropCI,fidvrrt o16oq to tua [K].

Ta ozcotel"6oporo tou zu[vsrcu nponlzrtouv pre ypopptrc4 napepBo],r1:

ENOXH m;[kg;lkg6] ri [K] H (r,) kJ/kel
Kcniorpo

COz

Hzo

N2

Oz

Apu hp(r,) tunsl: hrQ,) tkJrkgl

Ioo(riyro w6pyeu,q otov rpl,oTo0dl.ouo:

H tpl"6yu avra,l"Ldoofl lrs ro totlritporo, ro no<r6 0epp6qcag:

b = ",.. ,[( L)'-[L)'. l , o
L(rooi \ roo/ |

Tu rauocr6pw p€ por'1 pd(og mu\r'byovrur 6tor rbore vu, ono8riroouv to noo6

Oepp6qrog

Q: cP^xmvx(r "o  - r r )

oy{oq2.5.4

oy6or12.5.5



Xpnoq 0rop6(ag Tro napovrryri aqrof TEI Xeppdov

To too(6po 0epp6crpoq 6iver:

.  [ (  6  r_ \o  r ,  t u l
b = 

"p^xmnxq,d 
-7") :e*q* l  ln t  u : |1"  |  - t  l t -  I  l " r" 

L( roo ./ uoo/ J
Ene16n T*<<Te o 6pog (T*/100)4 0eropeitar ope?"qt6og.

,{z16 to aa,pondvar roo(6yro nponintet 11 o266o11:

oAtor12.5.6

6nou Ko etvar o opr0p6g Konakow 11 Boltznann, o ozuoiog rcofror pre

oX6o12.5.7 mvtrrcl
Ko=Bo=

cprrxmrxl00

o7[o1),

m" [kg/s] (H zcopo2grl rov Kooooepirrlv)

c o^fJ I kgKl (H eriucrl 0eppo26ropqrm6clra cp rCIv rauoaepirrrv orrl

(t \' .rg(rr\-{o =s
\ r " a )  e \76 )  e

crrF*(lod)t
\ 100 /

T"dl828 [K]

C, [w/m2K]

Fr [m']

Oepporcpuo(o T,, [oC])

(H o8upomcrl Oepporpcroicr rcnioqq)

(Ilayrc6opra otoOepd arovoBoXtog ocrlpdrr-rw)

(H eznrpdveur qg p}uryyc4)

Ynol,oTrop6g trlg Oeppsw6psvnq emgdverug rou 0al,6pou rafonc

H ouvo?'.rrd 0eppcw6pevq ezntpdveu too 0al,d,pou ra6oq6 efvar to 60poropo tcrrv

Oepporv6pwcov emgavefrrv rcrrv nl,euptrdov rot2gropdtcrrv Kor roD rol,w8pmori
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7c€prFl"np0rog.

n  t t - D . l
_ z 

2 oy6aq2.5.g

o7[oD,

D [m] (Adperpoq ru],rv8ptrcori neprB],4poroq)

I [m] (Mrlrcog rcu],w6prrori neprB],r1patog)

Apo zuporcriTrrfl r 0eppcw6pnq ezn<prive,o rou ru).rv6ptrori reprBl,rlparog
F*l n12

Apo aporrirwErrr ouvol.rxri Oepparv6peirrl erngdvera, rou 0'Lapou rccrriorlg
Fz [m']

H eznrpdverc qg gl,6yog eivor F1 m2

Enopevrrlg q ezngdverc tqg rpl'6yog rur'l.opBdver 6vCI, nooooc6 tou 0o)dprou rcurio.qq.

ffvetar ercipqoq qq Ta [K]
Apo zuporcr5Trcr o cpr0g,6g Konakow K.

fro to o"uwel,eo.c1 eKfioprqg roprer 11 o266o11:

I

6noD,

t 1

FzlFr

a2m

t -

t.( t_rl4
tI \dr.. ) Ft

oytcq2.5.9

(O ouvtel.eonlg ervrotrrmlg rrlq qloi,og)

(To noooor6 firq ent<pdverog rou Ool.dpou rcafoqg nou rcoro)"crppdver
ri 9l"6yo)

(O ouvtel.eon'1g unopp6gloqg qq ezngdvsroq rrrlv rorlotprirrov)

Apo ruporrinlT,Er o ouweLeonlg elcnopznlg e
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Apo nporcrirrr€r r frFrl Te oe [K], q ozoia np€nervo o'upzuiruta pe rqv opxrnl ua60eor1.

Apu, rel.rrcd 0epporcpcrolo, e(65ou rcDv Ko,Docr,epirov an6 ro Od),opo ro,rioqg eivar

Tg oe K.

2.6 Y no\oyrop6 g n1 q azo6r56 Fevq € rc;grio g ctov <ployo0rfirlapo
Ts rauoCI,dprcr owal")"d,(ouv 0epp6trlto pe ra rorlirlpo,ro roD 0cr)"d,pou rcorioqg pe

orcrwoBo),f 0 Ktr1 lr€ o-uvoycrryr1.

Yruolovrop6q 0eou6"ntaq fioo azo6i6etar aa6 ta xuoooforo pe axavo8o?uia cto

06lnuo xafonc

H zuporcrintoDoo, oDvol,rrcr'1 por'1 ornvoBo)"ofpsvqg w6pyerog(Orppopon orcwoBo),iu,g)

oe 615o erngdvereg ruoo 61ouv owol"Lnyl orrwoBol,fog unoloyt(etcr on6 c4 o'266o11:

Ar5vovrog rqv nopc,rd,rco o16oq o)q rpog Ts rcponSntet :

/  \ 2  ,  \
l T , l  Ko{7 , )  Ko
|  -  t+  - t - ' t - -  -u
\ r ,o )  c \Toa)  t

lwt.T,

Afvcl t4v 8eutepopriOpra e(iorrlorl r,rg Trpos tov 6po 
t ad

0160-11 2.5.10

Q,r. = C,,

6erou,

F [mt]

Tr [K]

Tz [K]

C12 [Wm2K]

O opr0p6q ovtol"),u,yr1g u,rovoBoliag uno),oyl(etat ozc6 tr1 olrioq:

C.,z = tt  .€z .Qr, .C, ay€oq2.6.2

6nou,

C, [Wm2K]

11 (Iuwe).eotr19 ercnopzqg alqnpoonnroDooq olcrrvopo)"iog)

o [l,l)'-r!)'l
L\ loo/  i too/  l

oy6oq2.6.1

(H ern<pdvelc rrlg <pl"6yoq)

(H cr8roBotrrcq Oepporcpoolo rcof or1g)

(H 0epporpooio rov ror?(opdtorv rou 0cl"dpou ro6o19)

(Apt0p6g awo,)")"ay1 g cravopol"iag)

OrctrirFprcC 2006 28



F, '0r, = F, '0r,

Qr, + 0r,  + 0n +.. .+ Qu =l

Azc6 tq TecDlr€rptq roo eoldpoD roriorlg 0o eznl,eyofv m

Xprlorl Frcpri(oq yra mpoyrolfi aruo6 TEI Xeppipv

t2 (XuweLsotq€ eKropunlg t4q <i6ru,g> orrwopol,tog)

grz (Ap0p6g cr,cwoBoluias rl yovl.ot"rl or66o'n rl orrureleoclq popqng)

Ynd,ploov 6fo pootr6g olfoerg nou o'ov66oov roug ouvteLeor6g popqTlq:

oytcrl2.6.3

oytot12.6.4

9tt ,  Qtz, 914 ,9t: ,  9rs

fra nopd8erypo ov ot ouwe?teodg popgrlg {p12 Ko1tp14 eivol peta(6 66o ra0&rrry

errupaverrirv pe rowrl orcprl l,oppdvovrar sfi6 ro 8uypoppa qg err6vaq 1.

Eivor:

B4la Ku,r C:cla

Em6va 1. Zovtdsmrie popqig g pscn(t) 66o rcaflErrov opfloyavfav ungavercitv TEII)

tgoov rcowfl GKpfl.

Edv ot ouwel,eoreg popqqg ere etvar pem(6 66o nopol"Lql.cov ezrupovedov

l,apBdvowor oz16 ro 8ru.ypoppo crlg err6vag 2.

$.{r--"q
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Xprlorl Frop6(og yra eroooTrovrt a4lof TEI Eeppd)v

Etvar:

B:b/a KC[1 C:cla

Emdva 2. Dmtlsmrle popgiE tp pua(tt 66o trapdJrrfi"av engawrcbv oe rctrepaopivrl

att6maoq pna(6 rcoE.

Eo1 ouv626ero yivetor o 61.e126o6 T1o rlg aprig nou pp60qrcav:

@a np6zuerva rc'1pet

du + Qr, + Qn + 0ro + 0r, + hs =l oy€aq2.6.5

Apo npolcuzcrer Cetwlm'?Kl, Cr: [Wm2K] rcn Cr6 [W/m2K]

Apotel"trdnpomnrer brrlO*l , brrlkwl rat bru4*l

H ouvol,rr4 0eppopoq orcrvopoir"iag fipog n€ ezntprlveieg tou Oal.d,poo rcrfoqg eivqt:
a a a a

Q oa = 2Qrr+ 2Qrr+ Qru lkWT

:.: *_: s.3 *.{ a:.r I s : i 5 t r

,4
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Xpnon Frop6(og rur napaycryn oqro6 TEI Xepp6v

Yzroluovrcp6q 0eou6rntac aoo cao6i6etar, aa6 ta xcocofoltl ue 6ovov&)Tfi 6"o

0rfi},,eipo xafcnc

H 0epp6rqto nou aao8i8etar ps ouvoyoryq 8iveror an6 cqv o266oq:

Q*,  = K 'F 'a@. q€ar12.6.6

o7to1),

K (O ouwel"eotrlg 0epponepar6crlroE)

F Ql ezngriveto wol"laplg 0epp6qrag,6ql,a6rlrl earg6veto roo 0al.6pou

rcorior19)

A@* (H p6oq 0epporpoorarfi 6uxpopd)

Ynol,oTrop6c rou crpvrel^sofil opvoTofnc ccnv rouoorpiov ut

O opr0p6g Reynolds nou eivot oqpr,ovrrr6g Tro trlv aeprypogrlrou ne8ioCI pong

unoluoyi(etat crzuo cq qg6orl:

w x L  p x w x L
i \ E = . . . . . . - = -

6erou,

p tkg/m1 (H zuurv6rqro rrllv rccruoc,eptrrrv onlOepporpooio T- fcl)

n [Pas] (To 6wotrrm6 {cbSeg oq Oepporpoofu f", fC1;

w [m/s] (H to2glcqru rrrlv Kooooepirov)

L [m] (To prlroq reppporlg)

To trn1cog reprpporig ucol,oyi(etor ozu6 cq o266oq:

A
L : ' - t

P
o15oq 2.6.8

o7to1),

A, I-'l (H emEdvera wol,l,oyrlq)

P tml (H nepipetpoE qg rpopol.rlg roo oiopccog oc4 6reu0uvorl trlg porig)

oytaq2.6.7
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H ra$rqro rcrrv Koooo,epiorv unol"oyi(eror an6 cr1 o16o11:

w= 
f f i t

pxA

6noDo

m" [kg/s] (H rapo2grl rrov Kouoo,epirov)

p [kg/m3] (H zrurv6crlro rcrrv rauouep[cov ottl Oepporpooio T- [0C])
A t-1 (H 8totoprl rou Oal.ripou rcorioqq)

Apa nporcfrner to Re

To rcnn1poor6 r(ril6eg etvar:

n -  ) ,  -
v - - lm - / s l

p

q€ar12.6.9

o16oq 2.6.11

o oowel€orns 0eppKrlg 6ro2gut6qar6 a fioD enpp6(et cn 0eppr?nl c6p6verei rrov
orrrpdttrrv 6iverat on6 cr1 q66oq:

).

pxcp . o16on 2.6.10

o?toD,

p [kg/m3] (H zuurcv6qro rrrrv rauoaepiorv ocrl gepporpooio T," [0C])
X [WmK] (O ouwe].eoa1g Oepptrrlg oyoyrp6alrog orn 0epporpcrofu

T_ t0cl)
co [lkgKJ (H et6rrcr1 0eppo26clpqnr6apo % rov rauoo,eptrrrv otrl

0epporpoo-ia T- tocl)

Apu nporf rErtra Jm2ls]

O opr0p66 Pradl ueuo)'"oy[(etcr on6 q o16oq:

Pr:1
a

6zrouo

vlm2 I sf (To rcwr1poor6 {dr6eg)

a 1m2ls1 (O ouvtel^eoqE Oeppucng 8ralpdtrlmg)

Apo nporcrrarer Pr



Xe pia, e(cocprrcr1 porl to opur6 otpcirpcr. eivat ouve26rbg uzc6 avtinm€rl, wrb 6lrrl ono

our6 11 poq rou peilorof zuapcqrfvet cr.veprc66rcq. firr to 1,61o aut6 orqv nepimroorl

rng poqg ppo un6 pta enine6rl d.6rco o cpt0p6g Nusselt oulv fi€pro26q tou otpcotori

opurof otpdrpatoq uzco)',of(etat art6 q o266oq:

0,664'JP.. R"
NUIJ*:  --  

.F;

Apo nporc6rr"r, *t'rr,,'"

o16oq 2.6.72

O opr0p6g Nusselt oolv aep{rtcrrorl roD opBio8oug oprarori otprbpotog oruo}toy[(ercn

(I,7ro Ttl oxtoTl:

Nur.*,b =
0,A37.Reo'8- Pr ot6fol2.6.13

1 + 2,443- Re-or. 1Pr2/' - l1

Apo rcpororztei. Nq.6rg

O opr0p6g Nusselt unol'oyt(etut teL,rrcd on6 tq o26rfoq:

Nu, = Nur,^o +

Apo nporitntetNug

o,(6cr12.6.14

O ouwelsocrlg ouvqrrrylq unol,ofietar crfi6 cq o2g6oq:

Nu.  I o?(6on 2.6.15a :
L

Apo nporcpnrer o o'uvtel,gocrlq ouvoyrrryrlg rrrrv Kcruooepiotv rotd n16u6popq too€ oro
06lapo xcnSoqg or lWnt'K]

Ynolovrop6q tou auwe)teorti oDvovo)Tfiq tou veoof cr^
H petogopd 0epp6cqtoq o'rtlv zuepropl trov 6ilo gfioerrrv pnopeivo fvet pe 66o

pl1ovroporig, 611l.o6( trr^e ouvoyrrryrl Ko,l pt Bpo,op6. Or ouweL"so't6g Bpaopof noo

$ivovrar oq ptB)"wypaqta 62goov rapQei o116 ruerpfipoto oe ouorceufg X@prs

rcurcl.ogopta roo peuoro6. O ooweX,eoqg oovalcolrlg ppao'pof totl vepof 8ivetnr an6

q o266oq:

a2 = f f i ' ( t*  - tu)"- t o?C6oI2.6.16

o7to1),

m Kor n slfiEelprKoi ar€6teg, q ttpn rcrrv oruoicrrv e(aptd,tur o,n6 to eiSog tou uypoti, cqv

+ Nul.*,,



Xonol Brop&(og Tro TuopaTcoTn o4rof TEI Xeopdpv

zufeoq Bpaopof KCr,r rrl q6oq rng ernrpdveurq tou 6o26etou.

t* fC] (@epporpaoio eormeprrrlg erngdveurg orrr)"r1vrov)

1 l s l

Ke r l a2

6noo,

ur [Wm2f]

oz[Wm2f]

s [m]

l, [WimK]

ffi trn-K/Wl

ff2 [m2IVW]

Apo nporfater K twm'zKl

Ynol.oTtop6E crrc F"soqc Oeppor,(pooroKtig 8wgopdf

H p6oq 0epporcpoourrq 8uqopd uno)"oyi{eror on6 n1o266o11:

A@. =
a@M - a@r

lnA@t
A@o

tu fcl (@epporcpooio ppaopori)

Apo zupor:rifirer clb tWm'?Kl.

yl' = xfirrrK$p\xfo! n{')irlt'rxi" H'l =oprdovrroq r<oirlvu; HP=opr(Ovncr nildrcr, W=6iypps (I},cxrprrti{ avrioroorl6)

O ouvte),eotr1q 0eppoaspat6nltog uaol.oy(erar on6 cr1 o16oq:

o16o'n 2.6.17

(Xuwel,eorlq ouvcyroyrlg rrrlv Koooo,epirov)

(Xowel.eoclq o-rwapryrlg rou vepof)

(II61oq rcnv ocol.rlvrov)

(Xovcal,eorlg 0sppucns oyorpp6crpag)

(Eowel"eoulg pfrcovoqg rrrrv Ko,Doo,epirov)

(EuvteLeorlg pfnavoqq tou vepof tpogo6oo[og too ].epr1ro)

_ta,' -e)>-e, -e)>

noi.- oi
o'-oi

oI6oI2.6.18

o?[o'u,

9,' = 1555 [oC] (H o6raBonre4 0epporpaoia ro6oqq)

g;l'Cl (H gepporpooiu e(66ou rrov Kooon€pirov an6 rc gloyo0rifi.apo)
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Xorion Brop6(og Tto rcopoTrrlyfi orpori TEI Eepo6v

Apo ruporfruret A@n [uC]

H 0epp6a1ro ?rou a,no8i6erar !r€ ouvoTcoyl 8fvetot on6 trp o16o11:

Q o u ,  =  K  . F . A @ .

ofiou,

e;fc1

o) loCl

K [W/m2K]

F [-t]

a@- [oc]

(H 0epporcpooio roD Kop€op6vou arpori oe P barg)

(H 0spporpooio rou vepof ropeop6vou veporS oe P barg)

(O ouvteLeorlg 0epponepor6tqtog)

(H ezn<pdvetu wol^)"oy1g 0epp6o'1rcg, 6r1l.a8r1 q ezn<p6veta tou

Ool.dpou rcrriorlg)

(H p6oq Oepporpoororrl 6rogopd)

oy6or12.7.l

o16oq 2.6.19

Apa, nporcr5rter Q-u [kW]

2.7 YnoLoyrop6q cqg azro6r66pevqg rqgoog otr6 Efcpeq aokirv
To, rco,uoo6pta ogor5 e(6l"0ouv on6 to Od,l"opo rcrrioqq, eto6plovro,r orq 66opeg oul"iov

Ko,lsv o'uveleia e(6p1ovrot a,n6 tov otpo).6pqtu,zcpog rnv ronvo6626o.

To, rcuuoa6pro owol,)"d(ouv 0epp6qru lre r,a torlrilputc, rarv ool),r1vcrtv pforri

ouvoyrrlytlg. Xcnv nepintrrloq TroD or 66opeg aul"rbv eivat 66o, otlv apdool 56opr1

0eopettot 6tt n Oepporcpooia tcrrv rcauo'oepfrrrv xo,t6pleror ora 213 trlg ouvo],rrcr'1q

ntirlorlq tr1g 0epporpaolog trrrv KoDoo,eptrrrv on6 tr1v 6(o6o toug on6 tov gLoyoOri).npo

oq rlv 6[o56 toug o,n6 tov atpo]"6Br1ro. Enotrrsvog q 0epprorcpaotc, rcrrv rcauoo,epirrrv

oalv 6(o66 roug oz6 qv nprilcl 66opr1 oul"drrv Tp etvot:

To  =7 ,  -2 / xQn  _7 " )

6nou Ta eivu,t q 0epporpaoio e[66ou rtrrv Kouooepirrrv on6 rov ctpofu4Bqrcr

fivetar 11un60eor1: Ta [K]

Apo nporcfnrer Tp [K]

H p6or1 0epporcpcroio rrrrv rco,uoaepirrrv ornv rprrlul 66opq unol,oyi(eror crn6 q o16oq:

' r  - 7 ,  +7 , ,
t r l  -  

2
oytaq2.7.2

o7to1),

Te [K] (@epporcpooto e(65ou rov Ku,Doo,eptov an6 to 0d],cpo rorioqg)

To [K] (@epporpooio e(66ou r(Dv Ko,Doo,epirrrv on6 rqv np6Tn 66opr1 orrl]"r1vrrlv)
Apcr nporcurumr T.1 [uC]
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Yno),oyrop6 g enrqd,vercc ool.riv<rrv npiofilq 66o pnc

f errrperprrd 26crparcqptoctrd fip6Tng 66opt1g orrr)"r1vrov

Apt0p6g ocol"qvcrrv Z

E[rrlteprrcq 8urperpog orrrl,rlvorv d, m

Ili26og orrll.rlvrrrv 2s m

Eoclteprrrl 8rdperpoq orol"r1vcrrv di m

Yzcol"oyrocrrtl 6uip.erpog orol,rlvrrlv d. m

Mr1rco9 ocrrlqvov L m

Eznqdvero orol"rlvrrrv Fol m2

Xprlon Frolrd(aq Tta napoTrpTn orpori TEI leppd)v

Apo nportinrsr:

For=Z 'E 'd^ 'L  I ^ ' l

Yno),oy6p6c tou ouvte).eo'trl ouvaTrpTiE rrrlv rco,uooeplrrlv ut

oytor12.7.3

oy6or12.7.4

oy€or12.7.5

oy€oq2.7.6

O crpt0p6g Reynolds nou eivcr orlpcrvar6g yto rnv neprypo<pr1 tou ns8iou por1q

unol"oyt(etot on6 q o16oq:

Ra  = ' " d '  -  Pxwxd '

(To 6uvaprrc6 (rbbeg otq 0epporcpooio T* [0C])

(H ro26uqrcr rtov rouooepirrrv otqv ztpiocrl 66opq orrrlrlvrrlv)

H to13rrqta rtrrv KoDoo,epirrlv unol,oyl(etat an6 q o16o11:

v

6zrou,

di [m]

p [kg/m3]

n [Pas]

w [m/s]

n

(H eocotepucrl 8rdpetpog trrlv orol,rlvrov)

w:  
f f iu

pxA

6zrou,

m" [kg/s]

p [kg/m3]

a [*']
H 8roroprl tov oo)"r1vrrrv unol"oyi(etor an6 q o16o11:

n ' d z
A : Z

4

(H zrurv6tqro, rtlrv rcruocreptorv oq Oepporcpooio T, [uC])

(H nopolrl rcrlv Kcr,lJo0,epiorv)

(H zrurv6qro, rtov rouooepiorv otq Oepporpcoio T. [0C])

(H 8urroprl qg np6qg 66otrrqq orol,tlv<rrv)

Ort6Botog 2006 36



Xonon Btolrd(ag Ttcr nopcrTrrlTt orlrori TEI leppiov

oftoD,

Z (O ap€p6g rrov orol"qvov rng npiDrng 66opqq)

di [m] (H eororeptrcrl 8dperpog rov oo].r1volv)

Apo ruporfzr€t Re

To rrvrlpcrorc6 t(rir6eg eivar:

n ,  2 r  t
v = - l t 7 t  / S j

p

O ouvte).€onlg 0epptKng 6ur26ur6n1rog a ftoD er<pp6(er q OepprKn o8pdvsto rrrrv

ocopd,rov 8tvetor un6 q o16o11:

t
a= -

pxcp^

6nou,

p [kg/m3]

)" [WmK]

co [J/kgK]

oytor12.7.7

oy6or12.7.8

oytor12.7.9

(H zrurv6rqro rrrlv rcouooepforv oq Oepporcpaoicr T, [uC])

(O ouwe)"eocqq Oepprrcqq cryroyrp6trlrog ofil 0epporpcoio

T, [0C])

(H et8trrl 0eppo26rrlpqnr6trlm cp rov ruuooepirrrv orq

Oepporpooio tn, 1oC1;

Apa nporri'nrera [*tA]

O opt0p6g Pradl urcol"of(etor crn6 tq o16oq:

v
Pr= -

U

6nou,

vfmz I sl (To nvrlponr6 r"[rir6eq)

a 1m2/s1 (O ouwel,eoalg Oepprrcr1q 6r.alut6altoq)

Apc nporrinTet Pr

O upr0p6g Nusselt yta mppril8n poq p6ou oe orrll,rlvo rcur<l"u,c1g 8totoprlq 8fveror on6

q o16oq:

Nuo:ffi1'.1+)^l of6o"Tl 2.7.10

6 = Q,L2logro Re- 1.64)-2
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Xofon Frorrd(og yto ztopuTrrlYfr otpori TEI XeppiDv

z  r 0 , l l

w, = wuo[ L l
IPt" J

A6yrrl rn g ntplo ptopwrl g ne ptolq g 0e p porcpo,oriov to3rer :

Pr
_ = l

Pr,

Apo Nu:Nua

O ouwel€oo1g ouvoytrly(g Siverat an6 tr1o16oq:

Nux  I ol6orl 2.7.11a =
di

6zrou,

Nu

). [WmK]

di [m]

(Apr0p6q Nusselt)

(Iuvtel"eotr'1g 0epprrc4q oyrrlyrp6cqrcrg orrl 0epporpooia

T," [uC])

(H eorrlteptrrl 8rcpetpog t<ov orrr)"r1vrrrv)

Apo npor62rret o ouvtel"eou'1q ouvo,ytrryrlg rrrlv KoDoaepfrov Ylor rnv nprilq 66opr'1

ocol,4vrrrv cr1 [Wm2K]

Yno)"oyrop6q tou ouvtel,sodl ouvoToyflq tou vepof or

H petu<popd 0epp6qtog otlv nepto26r1 trov 66o <p6oerov pnopet vo yivet p.e 6rio

prllovlopofg, 6q)"46r1 p€ oovoyrrlyrl rot pe ppoop6. Ot ouvtel.eot6g Bpoopori nou

8ivovrot ocq BtBl.rcypcrqto 626ouv nopOei an6 nerpdpoto ot o-DoKsDfq tolpt€

rur),o<popfo roD peootor5. O ouweLeodg oovoyoyqq Bpoopori tou vepori 8ivetot on6

q o266oq:
,  \ n - 1

Q 2  =  f f i ' \ t *  - t b ) '  '

o?toD,

m KCr,r n spfielptKoi erc06teg, n rtpn rrrrv onoirrrv e(optdtot on6 to e[6oq too uyporl, n1v

ni^eoq Bpoopori Kot rn qfon rnq eznrpdverog tou 6o1eioo.

t* [0C] (@epporcpooto eocrrteprrqq ezngdverog orrl]"r1vrov)

tu [oC] (@epporpooicr Bpoopo6)

Apo nporcfncr 06 [W/m2f1.

o16oq 2.7.12
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Xprlon Brop6(og yw, nopaytrlyrl utpof TEI Xeopdpv

O oovrsL€on1g 0epponepot6rqrog uro)"oyi(etor on6 rr1 o16oq:

l l s l- :  -  + :+-+" f f r+- f f ,
Ko t i a2

6erou,

cr1 [Wm2K]

cr2 [Wm2K]

s [m]

). [WmK]

ffr [m2Kw]

n2 Jm2zuw1

K [Wm2K]

F [*']

A@, fcl

, o; -o;
m=#

0r -0 ,

o?C6orl 2.7.13

016<111 2.7.14

o16oq 2.7.15

(Xuvteleorlg ouvaycoyrlg rrrlv rc,uooepfcrlv)

(Iuvre).eodg ouvuycrlyrlg rou vepori)

(lld26oq trrlv ooll.rlvrrlv)

(Euvtel"eonl g Oepprrcqg clroyrp6tqtoq)

(Euvtel,eoqg priruovorlg rorv Ko,Dooeptolv)

(Iuvteleonlg pr5no,vorlq tou vepor5 rpo<po6ooto,g rou ),eBnto)

Apo nporrintet K 1Wm2fl

Yno),oyrop6q nlg p6ong 0epporpu,ororng 8rooopdc

H p6on Oeppoxpao-urq 6rogopd, ozol"oyf(etot orc6 cq o'2g6o11:

a@._ A M - A r _ @;' _ ?',r) _ (?',t _ e;)

6 -Al9lo
A@,

o7[ou,

0;' l'Cl (H Oepporcpo,oio ero66ou rrllv rccruocepirov oqv nprilq 66opq)

e;f Cl (H Oepporpooicr e(66ou rrrlv Ko,uou,epirrrv on6 rqv rpiDrrl 66op1)

e') f Cl (H 0epporcpooio, roo Kop€opwou atporl oe p barg)

0', f Cl (H gepporpooic roo Kopeopfvoo vepori oe p barg;

Apo nporcrSnrer A@* [oC]

H 0epp6rqro ?roo oro6f6etcn pe ouvay<rryr1 8ivetot ozu6 qv o2g6oq:

Qou ,  =  K 'F ' a@.

o7[oD.

(O ouvre),eoqg Oepponepot6alrog)

(H ezurgriveu wol^l"oy1g 0epp6qtaq, 6r1l,a5r1 q ernqdvera too

0ol"dpou rcariorlg)

(H p6oq Oepporpoo-rorcq btoqopd

Apa nporcr5nrer Q*u1 [kW]
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Xptlon Frolru{os vra aopuyoryrlotpod TEI Ieppdlv

2.8 Yttoi,olropr6g 1opoKr{prctrx<bv peyeOdlv too crtpol^fpqtc
'Evo 

26u,pu,rtr1proarc6 peye0og Troo ?(prlorpoTrorsirct otov o26e6uop6 trov crrpolspr'1trov,

eivat 11 er6rrrl q6pno"q tr1g 0eppcrvnrcqq emqdv€rog, n onota unoLoyi(etor a,n6 rr1

o16o11:

mo [kg/h] (H zupayrrryl orpof)

F, [rnt] (H ouvo],trcr'1 Oeppavarcrl erngdvero tou ].eBqro)

Apo nporcurrsr I et8trf q6pflorl t1g geppcrwtr4g erngdverog qp [kg/m2h]

Erct6g on6 n1v et6ucrl q6pnoq tr19 0eppowrrcflq ezrr<pdveto,g undplouv ro,r 6),1.a

fopoKrnplonrd pry601, 6nrog eivor r'1 0eppucn q6pno1 6yrcou, 11 onoto, uzuol.oy[(eror

an6 tt1 o16oq:

rfl^ - H,,
Q o = -

I)'
/ f l

6noD,

m6 [kg/h]

oytcr12.8.2

(H nopoXtl rou rcauofpou)

Hu:4150 [kcal/kg] (H 0eppol6vog 66voprl tou rcruoipou)

vu [m3] (O 6yrcog rou Oul"dpou rcor5or1g)

Apo, zuporcfnrer q OeplnKn q6prron 6yrcou qs [MW/m3]

Itoug ).eBrpeg ps eor[o o16pog Xpqollro7ro€tror entoqg q 0epptrcq g6p'uror1 6roroprig,

q onofu, unol,oy[(erar on6 q o266o11:

'  f f i , ,
Q n =  -

11 T

6zrou,

m^ 'H . .
O , = !

A

6zrou,

mu [kglh]

o266oq 2.8.1

o16oq 2.8.3

(H nopogq tou rcauoi;rou)

Hu:4150 [kcallkg] (H 0eppoy6vog 8rivopq rou rouoipou)

A [-t] (H Draroprl rou 0crl,6pou roriorlq)

Apu nporcf?rrer n 0eppucn <p6pnor1 8roroprlq q6 [MWm2].
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Keqrii"aro 3

Yzrol"oyrop6g awopl g otorleiorv orpoL^6Br1to
H 

ryMtt'l onol.oytopotl trov Soprrrbv ororT6eirrrv tou orpo).fpqta ernovrlror Bdoer rrrivunol"oytoarciov rc,r Kc'ro,oKrDooTl,rcrirv oDqpiov rou npoaSnou EUROpEAN STANDARD EN12953-3' To np6nrno ogopri tov uno),oyrop6 rcor o2ge'6ro,op6 ouorceurirv 6repyoo6ilv rogrilq rortrrrv 8oprrrirv roug ororletrov a,ro],ou0rirvta,g roug 
-rccrvoveg 

tr1g erno.cr.lprlg Kor rns re?cvucRs.
Katd tov onol.oytop6 l"appdvovtot un6ryq ouvte),eor6g oorpo)"etcq rc,r nor6rqtog, ragiog rcorK0,r0,oKeD0,oflrc6g npooau(r10'erg. xav oc610 0 unol.oytop6g ovtolrlg 61ercqu ,{6rpro1.l r19vnayav rotv 8rd<popolv 8oprrrirv ototlefarv rou orpo].egqr".'

3.1 Oeppoxpuoia oaoloyropori

3.1.1 @eppoxpco[a xopecpod prficer qS zri€6{€ },srtoopyicg too l^6p4ta

H_ pfyrorrl Oepporpaoia l.ertoupltoq (Oepporpoofu, uzr6p0sppou otpori) eznl.6yetur
Bdoet tqg p6ytoqq erntpen6pwqg ruieorlq rou leBrlro.

3.1.2 Kohv6prx6 zrepiBtqpc

fra ro r.ul"w6ptr6 nepiBl"qpa q 0epporpa,oi'uzrol.opopori ppioretat un6 111o266or.1

tr: tr*4e* I 5

6nou e eivar ro ndyoqrou rul,rv8ptrori reprpl,rlporog

3.1.3 Eolrlveg

H Oepporcpu,oia uno),oyropo6 T,o roD€ orrrl,rlveq Bpiorcetot ano r\o16o11

t.: tr*lJ

3.1.4 Koxlrxrfi xal.6ppata

H 0epporcpaoia unol,oyropor5 yro, ro rcurlrrcd ra),rippara Bptorcetar an6 111o16or.1

L= t +50

3.2 Y n o\oylcp6 g ariloog nolrv6 plxori zeplBhf pato g

To a'tottoripevo adloq too r'cuhv8pmori rcprBlqporog oupneprlapBtivowog rq zrpooou(r1oeq
urco)"cry(emr arn rq o./don
95n:9ss-i-C1-t-Q2 o16o11 Q.1-2)
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9cs C l 92 esa Eznl"er6 u^svo rtt t oc KdurxDouc
I I

Xpnon Fropd,(oq Tto nu,pu,TrrrTrl ar[ori TEI lepp6v

6nou,
cr:l mm e[vor n npoocrf€qon ],6yrrl owrotd,Oproqq roo fid1ouq rnq ].opoptvo,q
Ko,r rov Kcr,Tu,oKg'uu,oorcirv ovolrbv
c2:1mm eivut 11 rpooo66norl l,6yrrl 6tdpprrlo'r1g

To ano,woftrrsvo n61og roo Kul.w6prrcori nepflqlrorog Xopq rq npooau(r1o€q ofio].oTi(sror
oz6 q aX6on

A'4,
%'- 

Qrf;p)r+2rp"
2) onoo:

oytorl (7 .2-

ecs Anotrorllrsv o riryoc,tou relf<poDq Xrrrpl€ n€ rpoomlqqoeq [mm]

Pc flieoq unol.olropori [N/mm2]

do, E{roteptrrl 8rdperpog roo rehigoog Xorpr4 cq apooau(r1oeq [mm]

f, Xro,Oepd ovtoplg torr olrrcof min (Rp/l,5 ,Rrn/2,4) tN/tro"1

V Iuweleoulg aodrrlto,q ouycol"l,rloecrlv

fta to rcul.w6prr6 rueptpitT1ro eml,eyoupe orxn0cog to ultr6 P265 GH (oripgrrlvo pre
np6runo EN 10028-3)
H Oepporpaoio uzrol.oyropori Bpiorcerat o,n6 q o64o11

t.: t.*4e*15 [oC]

Ernl"6youpe Oepporpaoio uvaqopdg oe [0C]
Or ota0ep6q o,vto26r1g tou u)"rrori eivot:
i) Rp yro ul"tr6 ratoorceur1gP265 GH oq Oepporpaola crvaqoptiq (ntvurog 4 tou EN
10028-2)
Apc nporrinter Rp/l,5
ii) Rm ytu, ol,rrc6 ra,roorceur1gP265 GH oq 0epprorpaoio avogopdg (nivarog 3 rou EN
10028-2)
Apo zrporcr5 nr,et Rrn/ 2,4

Apo n oroOepd awo14g tou ulmori eivot min@p/I,s ,Frml2,4) oe [N/mm2]

Te).rrd, to onafiofFevonayoc,rou r,culwSpxori rcprBl,rlporoq oupreprLapBdvowaq rq
npooo,u(r1oeq napoooto(ero,r orov no,porcd,rrrr n[vorca
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Xpfron Fropd(a,c ytcr napayoyn orpof TEI leppipv

3.3 Yaoloyrop6g nhToogccolqvov aoo oa6xewrol 6a e(cotepmrf ozepaiecq

To el"dlroto cmot'uoripevo a626og orrrl.qvorv ono).cryi{ecat an6 q qg6o'n (12.1-l) 11 oz16 rov
rc[varcu (12.1-1)

9:€q1f01*92 o1dorl (12.1-1)

ofioD,

c1:l mm etvo,t 11 npooorl(qoq )"6yco avcrotd0ptorlg rou nd,26oug qg l.opopivoq
Ko,t rrrrv Koro,oKrDu,onrrirv uvo26irlv
c2:l mm eivot 11 npooo6(r1o'q l"6yro 8rdBprooqq

To onu,ttorigevo rud1og torv orrrlrlvrov 26rrrpig 14 npooau(r1oeq uno),cry[{erar an6 o1 at6o-n

P ' d n€ . . , = -"  1,6.  . f

6nou:

o16on Q2.l-2)

wcs Annttoripsvo nal7.c,qtrov orrrl,(vrrlv 26rrlpig cq rpooadqoeq [mm]

P llieoq uzol.oyr,opori fNlmm2l

do E(rorepml 8uipetpog trrrv oorl.rlvrov [mm]

f, Xta0epd, ar,roXng tou ulmori min (Rp/1,5 ,Rm/2,4) fN/no"1

ftc toug orrll,rlveg enrl^ryoupe olv60og rc oltr6 St 35.8 o'ripgrrrvo pe ro np6ruco DIN l7 175
H Oepporpuoio uaol"oyropof etvot

tc: ts+25 [oC]

Ezn-1.6youpe 0epporpooio ovoqoprig oe [0C]
Ot ora0ep6q ovrolrlg tou ul,trori eivsr:
i) Rp yra o),tr6 St35.8 oq Oepporpaotc avotpopdg (nivo,rag 6 tou DIN 17 175)
Apo npormrret Rp/I,5
iD Rm po ul.trc6 5t35.8 oq Oepporpooio avaqopdg (nivaroq 5 rou DIN l7 175)
Apo, nporcrlnretRm/2,4

Apa n orcr0epd awo264g tou u].mof eivot min(Rp/|,5 ,Rrn/2,4) fN/mm1

TaLtrd, ro onarrofusv o nnyoqrrrrv orolrlvrrlv oupneprlapprivowog rq zupooau(rloeq
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3.3.1 Att6ctoorl lretolri c<rrv oolqvorv

@cr np6net uao xo Ko,rooKsooortr6 o165rc tou ),6pqto vo nportlntet 11 azu6otooq pem(6

tcov orrr),r1vrrlv vo eivor iorl 11 pelol.riteprl on6 rqv el"d2potrl onortoripevq on6oroor'1 nou

nponlntet o116 rq oI6oI

O,125xdo+7 [mm]3.4 YnoAoyroproq ndlouE nAeuprrtirv ooArlvulv nou un6retvror oe elurreptrq
unepnieorl

To e).aporo onorrofpevo ninyoq orrllrlvrrrv uzco)"uyi{etut on6 rn or(6oq (12.1-1) t1 an6 tov

zcivoro (12.1-1)

€:€"1*c1*s2 0?(60rl (12.1-l)

ofiou,

c1:1 mm etvor rlapoocrri(qoq l,6ytrt crvttotd0pronq roo rud,1oug rqq ),apopivoq
Ko,r rrrrv KorooKauo,ortrdrv avo26rirv
c2:1 null etvat q npooorl(qor1 1"6yto 6dBprrlot'19

To onorrot5g.evo nd,1og tr,lv orol.qvov 1opq rq rupooou(r1oeq unol,ofietut arc6 q o16on

P ' d n
9.. .  :  -
"  1 ,6 . f

6nou:

o'X6on 02.1-2)

wcs AncwofFsv o rrtyoqtrrtv o'ol"rlvrrrv ?(rrlpq nq npoocrufqoerg [mm]

P tlieon onol.opoprori [Nimm']

dn E(coteptrrl 6t6petpoq tarv orrr)"r1vrrlv [mm]

f, Xta,Oepd cnrroxng tou uL,tror5 min@p/l,5 ,Rrnlz,4) tN/*-1

fto toug nl.eupucorig orrll,rlveq sfiLsyoutl€ o"uvrl0rrlg to ultr6 P265 GH o-r5p<ptrlvo F€ ro

rup6ono EN 10028-3
H 0epporpooia uno).opopori etvut

t.: tr*4e*15 [oC]

Ern).^61oupe Oepporpooio crvu<popdg [oC]
Or oro0ep6g avtoplq tou ul,trori etvCI,t:
i) Rp yta u)"tr6 rcutoorceut1qP265 GH otrl 0epporpooio uvo,<popdg (nivorccrg 4 tot EN

10028-2)
Apo nporrintet Rp/l,5
iD Rm yro ul.m6 rcotoorceut1gP265 GH otrl 0epporpooio avo<popdg (nivorcoq 3 tou EN

1 0028-2)
Apcr ruporri nret Rm/2,4

Apo q oto,0epd ovroxrlq tou ul,trcof etvcn min(Rp ll,5 ,Rrnl2.a) $/mm2]
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Xprloq Btopd(og vur zropoTrrlTf otporl TEI XeppiDv

Te),trcd,, ro onuttof$€vo ndlog tr.rrv or-rllurlvcrlv oupneprlappdvowog tq rupoooultloeq
7nv(tK(toTov

€cs C 1 A2 vsa Ern].ey6 Lr^svo rrt"r oc oo)l,f vrrlv
1

3.5. Ynol'oTrap6g n&yortq0opi8ag sfiteffi)pqoqg fioo rlTr6Ktrror 6s sqrortprKrl

Dnspfiis(rfl

To el.626ro'to anortofllsvo nrtyogrqg gupi6o€ enr0eirlpqo"4g uTrol.oTiderol cm6 q o?C6on 02.1-
1) r1 on6 rov 7rtvcrKo (12.1-1)

€:es1-rc1-re2 oI6oI (12.1-1)

6rou,
c1:1 mm eivcrt 11 Trpooof€qon ),6yrrr crvaord0proqg tou zr626ooq rrlg l,opcrpivoq
KCrr rrllv KorooKsDoortKdDv ovolcirv
c2:1 mm eivcrt q npooori(r1or1 l"61o1 8rdpprloqq

To onottor5psvo ru61og aK eupi8og em0erilprpqq ?Copl€ rq tpoo'mfrloeq mo)"cry(etcn CIn6 rn

oX6on

p . d ^
e  - -

"  1 .6 . - f

6nou:

ox6orl 02.1-2)

9cs l'nattoripr"svo rfipgrCIv ool"llvov ?(alplg rq tpooou(r1ogq [mm]

P flteor1 unol.oyropori [N/mm2]

do E(orteptrcq 6tdpetpoq crlg OupiSoq [mm]

f. Xro0epd awo26r1g tou uhrori min(Rpi 1,5 ,Rrnl2,4) [NITI{]

fro rnv gupi6o emOerilpqorlq eml"eyoupe o'uvtlOog to ultr6 P265 GH oripqrrlva p,€ rc np6nno

EN 10028-3
H Oepporpooiu uno)"oTtopo6 sivcrl

t.: tr*4e*15 [oC]

em).6youps 0epporpoolo ovogopdg [0C]
Or oro0ep6g crvtoplq tou ul.trcof eivo,t:
i) Rp yru ul.trc6 rotooreuqc,P265 GH otrl 0epporcpooio crvu<popdg (nivoxog 4 tou EN

10028-2)
Apo nporcrircter Rp/l,5
ii) Rm yru u1.66 rcrtoorceur1gP265 GH oq Oepporpaoicr crvo<popdg (ntvarcrq 3 tou EN

r0028-2)
Apo zrporfnrlrFtm/2,4

Apo n oru0epd, owoplq tou ul.trcori eivo,t min(Rp 11,5 ,Rrn/2'a) $/mml



Tel"trc6, ro uzortofpevomryogqg OupiSaq ern0erilpqoqg o-upnepr.lapB&vovtcg a4
oTov IT(D 7[lVOKCI,

3.6 YzoloTrop6g n&1ooq roxlrxdrv xaluppftorv

To, rcurl'trd ru,l"rSppotcr (epnp6o0rc rot ontoOto) eivut o'uvrlOcrlq enine8a. Or rur),troi
e?u[ne6or 8iorcot eivot crporBaio, oqpryprlvot p6orrr rcov oor].r1vrov Kor rolJ r,cu].w6ptrcori
neptB),r1potog. To ozuartoriF,wo ninyog rrov ruxltriov ezuwf6rrrv 8iorcory rrrol,oyi{emr ono a;1
oX6or1

9pa:9ch-F0l -FC2 o16on (10.2-1)

o7[oD,

c1:1 mm etvor 11 npoo'ori(r1or1 )"6yrrr avnord0ptorlg rou rud,26oug tlg ),opopivaq
Ko,t rcDv Koro,oKrDo,onrciov ovolcilv
c2:1 mm efvar q rupoo'or5(qoq ]"6yo 8dBprooqq

To ozronoripsvo nd,26og tr.rrv ruxtmrirv e7cur66rrrv 6forcrov X(npl4tq npoocruffoeq rmol.cry(ecn
crr6 crl o'X6o-n

€ " h  =  C a o?(6on 00.2-2)

ofioD,

ca:0,36 yrod ro ruxJ"rrcd rarrippoto eivo,r er[ns8o, ouyrol^f,4pfvo, rcar on6 rq 66o
n),eop6g rat o ),6yoq tou ndlouq rrrrv rcol.uppdtrrrv zrpog ro nuyogtou rce),rigouq eiva,r
e6/er:1 , I 4 nivarcog (10.2-1)
y:l cv undplouv r6ooepq ovcotrlpi(eiq
b mm etvot q uruol,oponrrl 6rap^erpog, snrosrl q 8uigretpog tou peyalurirepoD
rfrl,ou ttou pnopet vo syypoq€t oro o8rdrpqto tpr.lpo rou 8iorcou

fro tc entfie6o lorcl"trc6 rohippoto enrl^fryoupe ouv4Orog to ohr6 P265 GH origprovo pe
np6anno EN 10028-3

Ern),6youpe Oepporcpcoto ovaqopeq [oC]
Or o'tu,gep6g cvroplg too ul.trod eivo,t:
i) Rp yro ul.rr6 P265 GH oq Oepporcpooia crvorpopdg (nivcrog 4 rou EN 10029-2)
Apo npon5ntet Rp/l,5
ii) Rm po ul"tr6 P265 GH oq Oepporpooicr ovo<popdg (nivarcrg 5 rou EN 10028-2)
Apu, zuporcri nret Rm/2,4

C4 Euvtel€orig
B YrcoL.oyronrrl 8uiperpoq [mm.l
v Iuvrel,eorrlq
Pc Ilicorl uzcol,oyropori fN/mm'l
f Ira0epd crwofllg tou ol.xori min (Rp/l,5 ,Rm/2,4) fN/mmz



Apo n orcrOepd uwol4g rou ul"rrof etvor min@p/I$ ,Rm/2,4) tN/mm1

Tel"txd,'uo onowofpevorw4ostcrrv emn66arv rcur),rriov rolupprirCIv oDFn€prlapBdvowaq
roo(IuqnoaK Tulpouour(tTo,l oToV TnvltK0,
9ch C 1 C2 epa Eail ̂ ry6pevo rrtyog e7rur66crlv

rcuxfitriov rolu pudrrov
I I

3.7 Y noLvyroptfg arfi2goog eztret66orv al"euprxdrv torlorpdtarv

To oTropo[Tnro nuyog s ernn66orv 8iorcalv omperopfvrrrv pe apgt66teg, opor6pogpa
Korovsprpfvov. oe 6l"q rqv ernqdveu, fiou Ko,To,fioveiro,r o,no rqv nieorl eivar

Apa npoKirlTxLra nayogrrov eznn66rrrv zrLeuptrrirv torlrrlporrov eoo [mm].
To re)"rrc6 fiaxos rcDv emTr€8ov n),euprrccilv rorlcopcrtcrrv tunozoreircrt.

3.8 Yaolopop6q uvoryprfitrov ato ml.rv8prx6 zepipl,qpa

H trreyuhlrepq 6uvon1 e(rrxeprnl 8raperpoq d"t, ev6q pq evroppevou o,voiypuroq uno)"oyi_(eror
O,fio Trl oxeo"rl

d , , h ' , u ,  = r ' ( ' - - - r , , )
\ 1 t "  )

onou.

oxto-n $.2-2)

o16on (8.2-1)
P, ' d , ,

(z'-f,  - p,).r,,

K(tt

t -

.  1  r _  P . . S
( t t  + t ; ) .  -

6nou.
C3 Iuvtel^eo'rqg unol,opopori einne8rrtv 8iorcrrrv orqplypt svCIv

pe o-upco)..1"r1 p"6vouq o p<pr56cq
P flieoq uno),olopori fN/mmzl
t Op(6vncr on6otaoq pero(ri tcrrv oprpr8ercov lmml
tz Kd0eq onomaol pera€6 trrrv uutprSerrilv lmml
S 2 Iqy."I""nlg aogd).erug
K Iq0epa awoplg rou u).rrou;Nlmmrl

o1rol (8.1-1)



Apa

1,, loo6r5vopo pnrog raprmopioo [mm]

9rs lfti26og rulw8prrof rueprplrlpctog [mm]

di. Eorrlteprd Duip^erpoq tou rchigor4 [mm]

Xprton grou6(o,g ytu ruapoyrrlTrl otporl TEI lepprilv

va Xowel^eorr1 q e(oo0anor6

Pc lli"eor1 onol.opopori [N/mm2]

di, Eooxeprrrl 8uiperpog rou K€hkpoDq [mm]

96 lfti2gog rulru8pmori aepflrlgorcq [rnm]

f Itu0epd awo2grlg to'D ulrrof min @p/1,5 ,Rm/2,4) [N/mm']

4u** H pryotr1 emtpezc6trrswl 8rapetpog evog pq evroppsvou
ovo{yusroc fmml

1,, Ioo8rSvopo prlrcog zrepro'roploo [mm]

va Xuvr€),^so'Ttlg e(aoewlotE

Xuvenrirg, to povo6tx6 avorylro rou rcul,w8pmori neprrBlrlporog ro onoio psra(etot evio"lDol
etvar r'1 eMsurmcrl on4 (av0prrmo0upi6a).
O lot'oq rou F^eyd,l,ou fipog ro trmp6 d{ovo np&wt vo efvcr prrcp6tepog al:o I,5. ftu rov
unol.opop6 0o \<pOet o4 Srapetpoq q 8ramcoq rou pucpo6 d(ova tr6 fLlsuyqq.
fin tr1v eviolporl tr6 av0pom,oeopi6aq efirMTerut ouvr'l0og swo"n rmog 8orcnfiroq crr6 ul,tr6
P265 GH WrnXoSe* [mm] rcrt too66vcrpo pqroq neproropi.ou 1.,

lo
loo8rlvopo pnrog rcprotopiou [mm]

fn+ery Dwoluc6 naXaSrclf<poug ror evro;urncori 8arruliou [mm]

dt, Eorrlteprrrl 8raprerpoq roo rcel,fgoug [mm]

va XtruteLeoT rlq eqoo0svulng

Pc Ilieoq uruol.oltopori [N/mm2]

dt, Eorrxeprr4 8upetpoq rou rehigoug [mm]

e-fstgrp Errvoltr6 rrtyoqrcehigoug Kor s'vro')6urrKoli 8arcculi,ou [mm]

f, Xra0epd uwo26r1g tou uhrori min (Rp/1,5 ,Rnl2,4) fN/n*1

4u**
H pqruocrl ernrpezroprewl StaFsrpoq svoq pn ewo?(Dlr.svoD
avo{yuaroc [mml

1,, Ioo66vapo pnKog zeproroptou [mm]

va Iuwelsorl g e{uo06wor1g
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Xprlol Brolrd(og Trcr ncooTrrlTrl orpo6 TEI Xeopdov

To onot6lsola TroD nporanrmet eivur dor ** [mm], to onoto 0a nparet vo eivar crogcr],ritq
peycrh5mpo oTro rn 8ropretpo cqg uv0pcono0upi6oq d [mm].

To uruotroripsvo nd,1oq n1g av0pono0upi6oq o'uprcaprlappwowug rq npoocrffioeq
unoLcry(eror on6 rq al6on
9s6:9s6i-Q1fQ2 ox6on Q.l-2)

o7[oD.

c1:1 mm etva,r q npooori(r1or1 l"6yot ovnord0ptorlg rou ttd,26ouq qg l"opaptvog
Ko,t rcrrv Koro,oKruooariov avolritv
cz:l mm eivo,r q npoou,ri(qoq ),6yrrl 8dBprloqq

To ozrattotipevo railog cqg av0prrmo0upi8uq 2(CIpl€ n6 npooou[qoer6 rmo].cryi{eccn anb rq
o?C6oTl

oXcorl 17.2-27

Erio"nq" 0u npezreivu rrcuvonowtrcn 11 eliorrlorl tou elnpotou nalouq w6q neprotopiou, ro
onoio uno).oyi(etar u,n6 rq o16oq

min eq6:0.015x dou+3,2 [mm]

Er[olq. nptnavu, lKovoTroreiror q e(tocoorl qq rcutun6r,'r'1or1q

oX6o-'1(8.3-l)

p,.d,u
zo- 

12.7-S'v+2.p,

(  e,,  r). l  + - l <  t
[  1, ,  *  A, ,  +0.7 .  A, , ,  2 )

oX6on (8.3-6) po Y:Su

fo Ilpaypaarcn tp6pnon fN/mm'l
Pc llieorl uzro).oyroporl [N/mm2]
AD fleproT.n zrou Koro,fiovtiranurco rnv risor [mm'l

t,,

ottou:

ecb Arcrtofpsvo zrd2gog tou reh5gouq Xopl€ ct4 rrpooou(noeq [rnm]

Pc Ilieo4 urco)"oTtopori [N/mm2]

dou E(rrxeprrcrl 8tdpetpog tr1g ov0pomo0upi6crq XCIpl€ n6 npooor:(r1oeq [mm]

f, Xra0epri mrro2grlg rou ul.rrori min (Rp/l,5 ,Rm/2,4) tN/.-1

V Erwte).eotdq nor6zqtug ouyrcol"lr'loerrlv

Telrr6, to oaottoriFsvo nfuXogqg av0proro0upi6oq o-upneprlapprivowog crgzupooou(r1oeig
oTov 7Iw0K0,

ecb C 1 C2 9sb Eml^ey6pevo ndlogT ng
avOprrmo0upi6oc

I 1
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Xpnon Frop6(oE Tta nspcrvrpTTl rrtpo6 TEI leppipv

Ar, fleolorfi zrieo'nc rou K€LjDoouc [mm']
A5 fleorcyh zcieo-nc rou gworuflrof 8orcrul,foo [mm'
A6 fleorcTri zufeonc rou ?[roro-rouiou [mm'l
f, Xtcr0epri crvro1ng rou ul.rrori min @pi1,5 ,Rlll,lz,4) [N/mm']
ers ffti1oq ruhv6ptrcori repflrlprarog [mm]

frcr rov uao).oyropo tou Ao 0a unol.oy[ooopr€ to 116 on6 Tn c166n

I 
"n 

= ,J\d ,o * € ,r, )'e,.^ Inm

,An6 ro neprm6pru 0a e(eraooupe p6vo our6 pe to pryu).r5repo dvotypu.

'Ozrcoq r15q 61er avu<pep0ei Tra out6 K{rlyro tu pxp6repc cvoiy;rcrrcr 6sv cratreitar ei,'to7par6q
6arnr)"rog.

To unamouprevo ird,loq roD ouTKeKplpsvoo neptotopiou o-upneprlapBavowuq rq
npooou(r1oe4 uzrol.oy(ecor on6 rq 0160-rl

o";sc"n (8.1-2)

0160Tl Q.l-2)

oleoq (7.2-2)

956-.6*91*92

6eroo,
c1:1 mm eivat q npoouri(qoq ),6yo ovnotdOptorlq rou n61oug rqg )"opu,pivo,q
K0,r r(Dv KoT([oKsu([oTtKiDv ovolrirv
c2:l mm etvot 11 rupooori(qoq l,6yro 6r6ppoorlg

To onanro6pevo nd,1oq roo oufKeKp4r"svoo neptoropirou ,(rrlpq cq rcpoom{r1oeq tmo}.cry(etot
on6 cq 0160'rl

9cb Arccnroflr^evo nnyogrou zr€ptoropiou X$pLStq npoo'ou(t1oeq [mm]

P. Ilieorl uaol.opopof [Nimm2]

dou E(roteptrq 6rdperpog rou ntproropi.oo Xr,lpq r€ npoooo€qoeq [mm]

f, Era0epd owolqg rou ul.mof min (Rp/1,5 ,Rnl2,4) fN/ttt-1

V 1 Iuvtel,eonlg ror6rrltcrq o"uyrol"l,(oerrlv

fra ro o'yfrcKpqr^evo neprot6pro ercrl"6ryoupe owfl0og ro ulrrc6 St 35.8 oriprpovo p€ ro
np6nmo DIN 17 175
Eznl.6youpe Oeppoxpaoia ovo<popdq oe ["C]
Or oro0ep6q ovro26r1g rou ul.trcori stvar:
i) Rp yur ul"tr6 ru,toorceurlq St 35.8 oq 0epporpooto crvcr<popdg
(rutvorccrg 6 too DIN 17 175)
Apo nponinter Rp/l,5

OrctioBorcS 2006 50



ii) Rm yro Dl,1K6 KorooKeuqg St 35.g oq 0sppoKpooio ovogopdq
(nivorag 5 rou DIN 17 175)
Apa aporrinretRm/2,4

Apo n oruOepd owoplg rou ulrrof eivor min(Rp/T,5 ,Rm/2,41 tN/rrun1

Tel'trcd, to unortoripevo nrtpgautotS roD zrtproropiou o'upneprlnpBtivowag ag zpooou(r1oe6
TnvclKcl

ecb C 1 A2 9sb Erul^ey6p^evo rfiyoc,Trc, ro
owcsKotu^fvo ncorrt6 r r ro

1 I

Eniong, np&tt'tvo' tKo'voTuou[rut q e{iocooq roo e}.ri1rmou ndloug w6g rueproroplou. ro onofo
uno).oyi(eurr an6 rq oxdon

min e"6:0.015 x d"6+3.2 Jrytr1 oI€on (g.3_l)

E r[o'ng, nptnnvo, rKo,voTrorcirar q e(iooio"q rqq ru,tun6v4o-rlq ro ro neprmopro pe do6

qceor1 (8.3-4)

o1dq (8.1- l )

o166n (8.1-2)

oI6oI (8.1-3)

lo).rv8ptr6 repiB)"qpa

fu tov unol,oyrop6 tou -46 0a uao),,oyiooDp.s ro l* on6 Tn o-{6o-n

/,., =.f@^ +r,J*^ mro

frc tov uno).oyrop6 tou Ao uzro).oytoope ru 116 rccn lr6i ar.o r{,olfoerg

l,n = 
"l@^ +q)i* *

1,.r, =0.5 "l@,;i)* ^
O o-uwcl"co'n1g e(aoOfvro1g rou olryKeKprpwou avoiyparog mo
wd,nyt(erur on6 rn oxfon

6nou:
f; nputpa't*q,pop'.or [N/rmrl-

Ilieoq uzo),oTropo6 [N/mm2]
noptoxn oou *a

Pc

Ae
Ar. llcprofn riconq tou rc),fqoug

t otu'U o*otr rou **o* *(*Orffi
Ita,Oepd ovromg rou nsprmopirou min(Rp/l,S ,Rm/2,4) fN/.*1

A6

f,

f6

1 t

u. -----------<l
'  

\ 2 .  1 , ,  +  d , , o ) -  
^ o'Xeon (8.2-5)



Xorion Brcpd(oq vru noooyowrl otuorl TEI Ieporilv

Ezrionq, np&:rvo lKovozromitar q e(io'cooq qq rcorun6r,qoqg

o1€o'q (8.3-10)

f,,', floayuanrcn <o6onon lN/mm'l
f, Ira0epa crwoplq rou rcehl<pouq min(Rp /1.5 ,Rn1/2,a) [N/mm1
f6 Xru,0epd awogrlg roD ?r€proropiou min(Rp/I,5 ,Rm/2,41 tN/rnrn1
Pc Ilieoq unol.oylopori [Nimm2]

di, Eoroteprrcn 8urpetpog rou rei'rxpouq [mm]
fldroc rou lcul"w6orrcori neoflnunroc lmml

diu Eoolteprrd 8rdpetpog rou Treprrropiou [mm]
erb tli26oq rou rsproropiou [mm]

T6l,oq, npfuwt vo uno)"oyroret q eldpou'1 on6o'ru,o1 pettr(ri 6rio 6tu,6oprciov cvorlpdrcov 6ro-t
rbote 6).n tu avotyporo, vo Oeroporivtor oE pcpovrlrFeva.

fro 6).n tu avoiypotu nptxstvo, lKovoTrowitur q ehlq o'uv0nKTl

(  d ,^ ,  \  (  d ,^ .  )
|  , '  +"n ' I  L '  +" ' "  I.. -L#.t# +2.JG\+i;;

fra nlv sn6o, o,orl Lrers€f 61io 8ta8oxrrcci)v neprCIrotrlov

oaou:

o1ro*n (8.1-4)

Apa earl^ryoupre P* [mm]

Pq H efui26torn oruaworiFerrn cnoorooq oz6 rcerrupo oe rcewpo 6rio
6ra6onrrirv crvow u.6rrrrv tmml

diur Eocrlteprrfi Srdperpoq too zprirrou neprotopiou [mm]
erbl ll61oq rou nprirrou neproropiou [mm]
dmz Eooteprrr'1 8dperpoq rou Derirepoo fisploropfou [mm]

Qrb2 lfti1og roo 8eftepou nepwropioo [mm]
d; EorrrteotKfi 6 td uero oc tou ru)"rv6orrori zreotBlt'r uatoc lmml

9rs Ili26oq tou rul.w8pxof aeprBl4prnog [mm]
cosYr frrryia t&iottg tou ttpdnou reproropiou

cosY2 frrryia diorlg ror-r 6er5tepou neptoropi.ou
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Fn Arivaun fioD Koronovei TK ovrtornoiEerc lNl
S J Euvrciueort'l c oo<od,Le rgc

ou.2
'Oom 

ooric too ul,rrcof lmml

Xpnon Fropd(og Tro napaTrpyf orpori TEI laood)v

3.9 Ytt oloyro p6 q epB a6ori o p 0oyovucq q drcrto pr1 q ovtrotq pi(eov

Or uwtorqpi(erg etvot entne6e6 nl"trreg opOoycrlr,'trcr1q 8ratoprrlq. To ul"m6 rcctuorcsuqq touq
eivCI,r o'ut0rrlg nmozroulprfvoq lriluBoq St 37.1 Ko,r ouyrol.l.oriwar oro rcu)"rv6ptr6
nepiBl.qpa (r6)"uqoq) Ko,r 6rcr enine8a rurc),rrd ra).rippcrta.
Appru unol"oyi(erur q 8uvupq TroD croretru,r ortg CI,vnornpi{erg Fn Fr Bdoq qv enrqdveru
q6pao'qq Ap Trou avoorotlei o'e piu ovflonlpi(r1

o . D : . P
F , ,  =  P ' A ,  = ' L  

u l

4

Fp Arivcrun fioD Koro,?rovei Tlc uvrlornofEstc lN]

Pc Ilieon lstrougyiag [Ni mm2]
D; Ynolononrcrt 8rauetpoc I mml

Apcr nporrinrer Fp [N]
To epBcr66v qg op0oyovrrcrlq Srutoprlq rqq rd0e ovnoqpr(qg nponinrer un6 rq olroq

F .S
A>_

oo,z

Apo nporcri?rra ro el"uporo eppa66 qg opOoyolvucrlg 8rotoprlg rcov ovrlorqpi(eon,
Ao [mm'].
H e)"dXroc18roroprl proq ovno'rqpr(r1q uno)"oyi(trar un6 q o16o11

e,, olsorj (10.2-4)

Enioqg, nptnet vo rKovofiororiwur or e(r1q o"uv0rlreg:

e* < 1.5 x zrdloq ru)"w8prrcori zreprB).r1pcrog
e* > 0.5 x ndlog ru)"w6prrcor5 neprB)"r1potog
e* > 0,5 x nayoc, nrrcl"rrori rcolrippuroq (rn0p6rrq)
H yrrrviu pero€f crvnot4pr{r1q rcur rcu0percrq np&rnva eivar io"n n psfalfcprlan6 60".
6nou-

ge fkitoc trrc ovnorfiotEnc lNl
h Efuirmto urmttofuevo rOuitoc trtc oynorftpr€nc lmml
V frrlvln rrsrofp avrrodorfnc rccn rco0o6zurn l"
f Ito0eod awoyhc tou ultrori too rcr0o6:rrn [N/mm'l
fc Eta0eod aworric tou ul,xof mc crvrroniorEnc [N/mm'
w AoKoriusvo CIoprio nVl
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3. I 0 Yaoloyrcptf g 8rcrpetpoo apqrOettirv

Ot o,prprSdteq eivot o'uptoye( rcu1,w6ptr6g fra(eg. To ulm6 roto,orcsurlg rouq e[vu,r o-uvr.1groq
rt rorotnp^svog lrifruBog St 37-1. Ap2grrd unol"oyi(etor r1 8rlvolrq zroD oorceitcr oroug
aprpr66Tsg Fn Fe Btiorl qv ern<pdvero q6paoqg An fioD ovnororlef oe rcd,oe opqrSenl

Fn  =  P 'An

o7[oD,

Fp Arlvapq fioD Ko,rozrovei touq opgr8dteq fNl
Pc ffpon lsnougyioq fN/mmzl
An Erngdvero g6paoqg nou ovaororlei os rd0e cp<pri6c1

[mm']
Apo nporr5ntei Fp [N]
To epBa66 rng KDKITKqg 8utoprlg rou rdOe apqr66rq zcporfrrcet afi6 rq oX6oI

A>F.S
oo,z

Apo nponifir'' ro eppa66 qg *-rrhrrlq 8ratopqq rrov optpr8eriov A 1mm21.

H 8rd,prerpoq rrrlv oprpr8errbv npor.crlarer crn6 n1 o16o11

d>2 .

ofioD,

Fp Apyqg TroD KoroTrovei roug apcpr66teq fNl
S a

J Iuvrel,eotrl g aogdLetog
oo.z 'Opro porlg rou ol"rrori [mm]

o7to1).

Fq Afvaprl noo Krr,ro,?rov€t rooq up<pt66rec fNl
S 3 Xuvtel,eorl g oo<pdleuq

o o 2
'Opto porlg rou ulrrori [mml

Apa nporcufira rl 8roperpog qq rcurc)"trqq 8ruropqq rcrrv apgr8erritv.



TEI leoodlvXpnorL9roud(o,g yro napoTcoTn otporl

Kegdi',cro 4

Erpappoyrl
Ae8oprfuo uno).oyropor5 :
Kaforpo : Xre),61q upopooirou
flieorl: l0barg
Ilopololq otpori : 6tnlh
@epporcpaoio ero66ou vepof : 80 oC

Kopeopwog crtp6q
H ororleurq avdluorl tou ruriorpou eivot C:0.M, H:0.054, 0:0.389, N:0.0062,
5:0.00 l, ,4.:0.047, W:0.06 I
O l,oyog a6po eivor ),:1.3
H 0eppoy6voq Srivopl eivot Huv:415Okcallkg
O ruruog eoricrg rorloqq noo ezruL6ysror yro ote).6p'1 opop6ortou eivcr rworipevn o16po pe
6root6oe4 4X1,954 m.
H ororleroperpio tou rcu,uoipou avo<pfperar cvu),unrc6tepo oro napdprlpo [1]

4.1 Yzolopop6g qg ztapoplg too xcnrcfpoo

H ouvol,rrcrl ro1ug tou arpol"fBqtcr etvor:

P = f f io  ' (h ,  -  h , ) o266o112.1.1

ofioD,

mp:1,66[kg/s] (H nopcryoyrl rou ctpor5)
hp:2779,7[kJ/kg] (H wOcr],rioToo otpori oqv zuieoq ].ertoupyicrg, P:10 barg)
tw:334,92tkJ/kgl (H wOa,lzui,o tou vepori oq Oepporpaoi.o eto66ou, T:80 0C)

Apo nporcrifirer q ouvol"trcq ro1ug rou otpol"fprlta P:4058,4[KW] 11 P:4,1[MW]
H 0eppoy6vog 6r.ivopq eivar yvoronl rcor 8ivetot Hu:4150 [kcal/kg]

O ouvol,tr6q Bo0p6g cru66oorlg rou Leplro toorircrr pe ro rqliro qg rog6l.rprlg to26uog 6rd
tqv npoo666pevrl w6p1eta, 611)"o6rl to yw6pwo qq pong pri(ag tou ruuoipou eni tr1v
0eppoy6vo 6r5vapq tou.

-P

H,  . f r ,

6nou,
n=0,8

oy6oq2.l.2

(Bo0p6q on66oor1g rou o,rpol"6pnro)
P:4058,4[KW] (Houvo]"rrcrlrofugrouotpo].6gnro)
Hu:4150[kcal/kg] (H 0eppoy6voq 6r5vopr1 tou rouofpou)
Apo nporcf?rret n zrcrpopl rou rauolpou m5:0,293[kg/s] r'1m6:1052.8tkg/h]
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4.2Yno)"oyrop6q tqg napo26r1q too ofpcl xctrioqq
fto otottetopetptrf rot nlrlprl roforl lkg rooofpou to oror2(eropetptr6 oz nou

ananrewat eivar:

32  16 (  ,  o )
L ) m i n : - c + - l  h  - -  l * s

12  2 \  8 )

H ororleropetprKR fioo6tnro o6oCI, efvat :

Lmin: O^i"10,232 :17,49 c + 3 4,48 (h-o/8) + 4,31 s

Apa zporrizct L.;n:5 .ZS 
kg-&?o

ksb

H fipuytrottrcll zoo6fllra o6oo eivor:

L: ),*L,nin

l":1,3

r _< .. kg atpa
L1111p.-J.ZJ

K g D

Apa rcpoxrlarer L:6.825 Ur 
-*+
ksb

Yzro)"oTrop6q nopoTlc adpa:

H nopop'1 a,6po 6ivetu,r oz16 rqv o266o11:

IIII: 1116 * L

Apa ruporr57rcl rnL:l.99 os [kg/s]

4.3 Yaol,oTrop6q trlg c6orc6qg rarv naoceiepiorv
H p6(o rou Enpori rcauoaepiou orot?(erolr€tptKng rcafonc eivar:

trrcor : 12,494 c + 5,3 | s + 26,483 (h-o/8) + n

Apa nporrinrsr g661: 5.65 
kg K.'

kgb

H [rd,(a rou vepof oto rcouoo6pro eivor:

FH2o :9  h  +  w

Apo nporcrl'rErlr ItH2o:0,547 Wksb

oy6or12.2.1

oytoq2.2.2

oytor12.2.3

oy6or12.3.l

oytor12.3.2



Xprlon Bropd,(oc yru nopcyrrlyrl orpori TEI leppipv

H ouvol,rrcq orotletoperorKfi pd,(a rou rcCI,uoaepiou etvo,r:

pc,o: Fcor * Puzo

Apu. zporrifirsr [rco: 6,197 
kg:.

ksb

H aooylroarn ud(o rou rauooeolou eivor:

Fc: lrco + L1n;n ()"-1)

Apa ruporrizrra plc: 7,772 W
ksb

o1eoq 2.3.3

oy6or12.3.4

To ro,uocrf pto ntptiyetCOl H2O, N2, 02, raOrbg eriorlg rot CO, H2, NO1, ro onoto,

6pcog eivor apel"4tfeg noo6rrlteg.

H rcattfi pri(cr o6otaorr top xapcaeofoo eivar:

fto to COztiei

,{z16 rlv rurioq I kg rcouolpou na,ptilovror:

!! , ks Co, : l.6r , kg co.
t2  kgb

Apcr to rouoo6pro neptfyet

1 '613 =0.2075 = 20.75YoCO^
7.772

fro to HzO 6lirrt:

An6 rqv rorioq 1 kg ru,uofpou zru,pd,yovror:

9 -h+w kg  HrO :0 .547  fu .U :O
ksb

Apa ro ro,uoo6pro neprfyeu

o \47

7.772

fra to Nz 6Icrt:

An6 qv ro6o11 I kg rouofpou acpdyovro,r:

32 76,8 76,8 ̂  ., o, ,ts A',
t2 23.2 n.2 

8'<n _f,1 + " Ks N, = 4.te 
+*

Enst6r1 6porg 61rrl nepfooeto crfpc, r'1 eznn].6ov ruoo6trlto N2 eivc,t:

(7,7 7 2-6,197)* 7 2,2l2Yo : 1,1 4

oytor12.3.5

oytoq2.3.6
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Apa to rco,uoofprc zrspdler:

412 !-1.r4 = 0.6857 + 68.57% N,
7.772

fts ro Oz 6X0:

An6 qv ru,6or1 1 kg raoolpoo 6w na,pdyetor 02.

Enedr1 6pclq 61o nepiooera c6pc, 11 ernn).€ov noo6c.1ro, 02 elvat:

(7,7 7 2-6,197)* 27,7 88oh : 0,437

Apo ro rca,uoufpro nept€yeu

o 4?7
: = 0.056 > 5.6Yo O,
7.772

H xutri 6vKo c{otcon too xcrooceofop eivur:

To ororleroperprr6 Oz fioD crucrreitcr eivor:

o^,^ = L *( n- 9)1* "
t2  [  8 , /4  32

o^,^ =0.07g5 Kmolo'
Ksb

H ororletoperprrq zuoo6rqto o,6po eivur:

O(n \
L -^  =  * :0 .397c  + l . l 9 l  h - "  l+0 .149s

0 .21  (  s /

L^,^ = o.l8K*olaEPa
Kgb

H noo6clta a6po ruou 6sv ouppetfler oqv roriorl eivor:

L - o^;n = AL^,n - o^;n : ̂ H- o-in = t -(#* 
X* +. +)

H ouvo)"rrcr'lnoo6rqro rou Koooo,epiou eivor:

, hownt l  , :  L  + -+ -+ -+ -' 4321828

Apo tYporri'tErEL np = 0.263 ry!ksb

fra to COz 6{o:

.{z16 tqv rcarioq I kg rouofpou nopdlovror:

J - ., tsnot co" = 0.036 hnol co.
12 '  kgb
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Xpfol 0rcpd(oc Tro, nopayrllyfr urlrof TEI leppd)v

Apcr ro rcauocr6pro nepttyet

*g = 0.1368 = 13.68%o co,
0.263

fro to HzO 61crr:

An6 tr1v ro6oq I kg rauolpou nopdyovru,r:

L*L krnol H"o =o.o3o3g lctnol Hro
2  18  ksb

Apu to ru,uoo6pro trxprfyet

0.03038
0.263

H 7[oo6TnTCI, rop NZ oTc, Ko,uoc,6p1o, efvor:

L -  =  L - (L+h  -  o  
* l t  =  0 .1959  

l cmo la ipa
^ '12 

4 32 32 '  ksb

Apo to rouoo6pto aepreler:

+ry = 0.7448 > 74.48 %;oaipa
0.263

oy€aq2.3.8

4.4Yno\oyr.op6q tqg nopolqq rrrlv xcoocrepiorv
H no,popl rcrucroepiou 8iverar on6 cqv o16o11 :

f i l y - I T 1 6 * m 1

Apo nporc6ft'Elrmu:2.28 [kg/s] : 8208[kglh]
oytor12.4.l

4.5 Ynol'o1rop6q qq 0eppoxpccieig e[66oo ?alv KoDcoepiorv crn6 rov g]oyo0rfirtapo
Xfpqrovo pr ro Trpoo,vo<pep6pwa oq nopdypogo 2.5 Kor pr rrlv €qoppoyrl rcrlv

ol6oerrrv 2.5 .1, 2.5 .2 nporclzrrouv ro no,pord,rrrr uzuoteLfoporo.

ftu

Hu = 4150lkcal  lkgl :173241U lkgl

i l ^ in=6.825 lkgr lkgr l

r  ^  t .
lc"n, , l  = 1.007lH lksKl

llporcr5nter 6tr:

hn(tr-): 17324 [kJlkg]
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Ativowcrq rqv nopcrdtrrl o16oq o)q fipog to4 nporclnru:

t ^  1 '  I -  *  [ o  ] " . r 1Hu + ).L^inldo,t\ xt L :l*i 
"Lr"r.,\" )",,0

Egopp6(outls rrlv nopozrdvcrr o16oq Y1o tao: 1828 [K].

Tu anote),6oporcr tou erivoro npo6roryov p€ YpolrpucR acrpepBol,rl:

xpu h^(t 1) 
: ttzz+ tkJlkel * hrQ,o) :17326 [kJrke]

Ael6poote eruopwrog n1v un60eoq 6rr tu6:1828 [K] : 1555 ["C]

Ioo(6Tro wfpTetcK orov ql"oyo06l"opo:

H g)"6yo ovtol.).d,ooet pe ro totlritpoto ro noo6 0epp6qtoq:

.  [ / r  \ a  r r  \ a l
o= t xc " ' l l 2 l - l 1 t l  l , . r"  

L \ loo/  \ loo/  I

Ta rcnroo,6pu pe po( pti(og muYttyovran 6tot iooc vo onoSriroouv to noo6

0epp6rqtug

Q = cP*x mvx?* -rt) 
oy€ar12.5.4

To to'o(rlpo 0epp6rrltcq 6ivei:

f  r  r- t '4 '+l

b = 
"o^* 

m,r(7,,,, -Tr) = exC,xll ' l/ 'rt!:]r' l -t . '^* I l. o' 
Lt loo i \ tooT .1

Enedq T*<<Te o 6pog (T*/100)4 Oeropeitnr ope),qt6oq.

An6 ro nopandvo roo(6po nporuntet 11 o266ot'1:

(t ' \ '  *fe(& l- e =o
\ f , a )  c \ T " o )  e

ay€oq2.5.3

o266o112.5.5

oyboq2.5.6

ENOXH q [kg;/kg6] ri [K] n (r,) kJ/kel

Ko6orpo 1 293 -17324

Coz 1,613 I 828 -3t2,465*44

HzO 0,547 1828 -177,7254*18

N2 4,19 1 828 49.96889*28

Oz 0,437 1828 52,705*32
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XpnotBtolrd(aq Tto nopovr-rlTn atlrori TEI Ieppiov

6nou Ko etvot o o,pr0p6q Konakow 11 Boltzmann, o onoiog roorircn pe

Kcr-Bo=
cp,,xryxl00

oyflaq2.5.7
csxf, "(4'  

\100i

ofioD,

mu:2,28[kg/s]

c  r ^ : l l 94 IJ  I  kgK l

Taa:1828 [K]

C, :5,67 1Wm2f1

Fr:2 [m2]

(H rcopopl rrov K0,uo0,eptcov)

(H er8rrq Oeppolroprlarc6rrlrcr cp r(Dv rc,uooepirov oul

0epporcpooia T, :924 [oC];

(H o8urponrfl 0epporpcrola rcniorlq)

(lloyrc6opro ora0epd o,rcovo Bol,icr g orrl pdrrrtv)

(H ern<pdvero trlq ql"oyog)

Ynol.oTtop6e fllc 0eppow6pwqc emedvetCI,g rou 0CI,)dpou rcofoqg

H ouvo),rrd,0epporv6pwr1 erngriveta tou Oo).apou ro6o119 sivot to dOporcpo rrov

Oeppow6trrwov ffnqovsrrbv rrov zcl,euprrcritv corlrrrpdrrrrv.

Avrrr ernqdv ern: 6,7 6 m2

Orio0u ernrpd,vcro: 2,9 m2

Epup6o0ro ernrpdveur: 2,67 m2

Ae(td eiur<pdvew,: 4,6 m2

Aptocprl ern<pdveto: 4,6 m2

Apc, nporcr57rreln ouvol"rrcd Oepporv6pevq ernrpd,veia rou 0cl,6pou rofoqg

F2:21,53 m2

H ern<pdveta rr1g <p),6yag eivo,t F F2 m2

Enopwrrrg r'1 ezngdveu rng qlq'og rorc)"opBdverro 9,3Yo rou 0a,l"d,pou rcofoqq.

fivetot ercr[pr1oq rIS Ts:1559 [K]

Apo nporcrifiter o opt0p6g Konakow K:3,9

frcr to ouwel"eorq ercnopzurlq ro1r-rer 11 o16oq:

€ -
oy6or12.5.9L.( L_r)4

€t  \d r^  )F t
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026:0,9

6erou,

a1 :0,8 (O ouvteLeonlg erucoprqg c4g gl6yoq)

F2lF1 :0,093 (To Troooor6 qq rfilqdv€urG rou Oaldpou Koliorg nou rco,tal,ctrrBdver

n qlol'CI)

(O ouwel,eonlq aruopp6qnong crlg ezn<pdvelcrg rrrlv torlrrlprd,trov)

oy6or12.7.l

( t'\' * rye(& )- ro = o
\ r "o)  ' l rd )  t

T' -0"g525K
T"d

Apa zrporrifir€l o ouvtel"eocrlq erclropzqg e :0,7 9

Arivovrog tr1v no,pardtrrr o16oq rrlg Trpog TE fipolcliTrter :

016011 2.5.10

Apo nporriTrter rl oFrl Ts:1559 [K], n onoio o-upn[ntei ps rnv opxucr on60eor1.
Apo rel.trcd 0epporcpaoia e(66ou rr,:v Ko,Doo,epirrlv cn6 ro Od)"apo rcur5oqq eivo,r
TE:1559  K :1286  0C.

4.6Yno\nyrcprfg tqg aao6r06pevqg ro2griog orrlv zprirtrl 66opq oorlrlvrov
Ta rcauoa,6pro orpor5 e(6),0ouv an6 ro 0ri).cpo ru,6o1g, ero6plovrcr ornv rpd)rn 66opq

oul.rbv Kol sv ouveleio oq 8efteprl 66opr1 u,u),iov Ko,r orrl ouv6leta e(6p1ovtar on6 rov

orpoLeBrlto npog tqv rc,zuvo661o, 6nrrrg qaiverot Kor oro o166u rou fiopoptrlporog 3.

Ts rcsuoa6pu ovtol,ld(ouv 0epp6tqto pe to rorlrbporo rc)v aul.rbv p6oro ouvoyCITnq.

Iqv aprirq 66opr1 Oeorpeita,t 6tt q 0epporpooic rrlrv Kouoo€piov rorfpyerorr ora 213

rrlq ouvo)"trcr'1g ntrilorlg qg 0epporcpaofog rov Kouooepirov c,n6 qv 6(o6o toug o,z16 rov

<pl"oyo06[alro rrrg r4v 6(o66 toug ozu6'rov o,Tpo].6ptlro. Enopfvcrlg 11 oepporpooio rorv

rcauoaepirrrv onlv 6(o66 roug a,n6 rqv nprilq 66opr1 aul.rbv Tp eivu,r:

To  =7 ,  - / x (7 ,  -Tn )

6nou Ta eivar q Oepporpaoio e(66oo rc,rv Ko,Dooeptrrrv oz16 tov orpol.fprlro

ftvetot q un60eor'1: Ta: 200 uC:473 K

Apa nporrinret Tp :562 oC : 835 K



H p6or1 Oepporpoois ttrlv rcauoaepicrrv ocqv npcirrq 66oprlunol,oyi(etar orc6 q o16o11:

7 -  - 7 ,  + 7 , ,
' n t  -  -2

6zrou,

TE:1559 [K]
Tp: 835 [K]

oy6cr12.7.2

(@epporpocifc, e(6Eou ro)v Ko,Dooeptrov unb r,o 0dlopo rarioqq)

(@epporpocrio e(66oo rc'lv Ko,Dooepiov crn6 cqv ?rpd)rn 66opr.1 oulrilv)

Apo nporcriater T.1:l I97 [K]:924 [oC]

Apo nporfntet:

Fot= z . fr .  d. .  L= 119,98 m2

o apr0p6g Reynolds nou eivar orlpravnrc6g ylo rnv aeprypa<pq tou zue8iou porlq

unol"oli(etu,t on6 q o16oq:

o ^  _ w x d ,  p x w x d ,
! ( g =

oy6or12.7.3

oytar12.7.4

(H eocoteptrcq 8rdpetpoq rrrlv orrrl,rlvrov)

(H mrcv6c'1ro, rrrrv rcuooeptcrrv orn psorl Oepporcpaoio T^:924

v

6zoD,

d i :0 ,0703[m]

p:0,2991kg/*'l

t0cl)
n:4,821*l0-5 [Pas] (To 6uvoprr6 (rb6eq orrl psorr 0epporpooi'T.:924 [0c])

feroperprrcd r6opolccrlprorlrcri rpiocqq 56opna ortll,rlvalv

Apt0p6q ool.rlvrrrv Z I l 6

E(crxeprrcfl 8uiperpog orrrlrlvrov du 4,0761m

tl&yoc, orol,rlvrrlv 2s 0.0058m
Eorrlteprrrl 8uipetpog orrr),r1vrrrv di 0.0703m

Yro),oponrcr1 8rdperpog orrr),rgvctv d,n 0,0732m

Mrlcoq oolrlvolv L 4,5m

Eznqriveta oco),r1vrrlv Fot 119,98m2

w:l6,9 [m/s] (H toprqm rov Ko,Doo,epiotv orrlv npiorrl 66opq orrll.rlvrrlv)



Xotlon Btolrd(og Tro nopoTcoTri otpori TEI leood)v

H raluqto rrov Kq,uooepiov uno)"oyt(eru,t on6 rq o16o11:

* =  
* u

pxA

6noo,

mn:2,28 [kgA] (H nopopl rov KoDocr,epirrlv)

p:0,299 [kg/-'] (H zrurcv6tqro rcov rcruoaep[cov orq tl€or1 OepporpooiaT^:924

tocl)
4:0,45 [m2] (H Stotoprl rng np6rqq 66opr1g oo].r1vorv)

H 8rotopq trov ool,rlvrrrv unol"oli(etar crn6 tr1 o16oq:

oy6or12.7.5

oy€or12.7.6

oy6or12.7.8

n  . d 2
A = 2 .  

I

4

6z100,

z:lT6

).

pxcp^

6erou,

(O apr0p6g rrrlv oco),r'1vov rqg 7rp6qg 66opqg)

ds:0,0703[m] (H eorrlteptr4 8topetpog trov oor]"r1vrov)

Apa nporr5nrer Re:7388

To rcwr1po,ar6 (rb6eg eivot:

n " ) , -
r : - lm -  /S ]

p
oytoq2.7.7

O ouvreLsotqg Oeppuctlg 6wlut6tqroq a rou er<ppd(et rq 0epprrrl o8pdvstcl tcov

oopd,rcrrv 6tvetor oz6 tr1 o266oq:

p:0,299 [kg/m'] (H rurv6qrcr, ralv ruuooepirrrv orll tl€orl 0epporpooiuT^:924

t"L't)
l,:0,0834 [WmK] (O o-uwe].eoqg 0epprrcnq oyr,yfrp6cqrog orq p6oq Oepporcpoolo

T-:924 [oc])

co:l194 [JlkgK] (H edrrrl 0eppoloprlor6opu cp rclrv rouooepirrrv ou1

0epporcpaoio T*=924 [0C])

Apa nporcfnret a:2,34* 104 [m2ls]
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v:I,687* 10' 1*t/t1

a:2,22*104 1m2/s1

Xpfon Brcpd(oc vru nopayrrlvrl otpof TEI Xepprbv

O opr0p6q Pradl uno)"oyi(trat o,n6 rr1o16oq f un6 roDg o1sttKoriq ruivu,rceq:

oytcr12.7.9

(To rrvrlpanr6 (ril6eq orrl p€orl 0epporpo,oia T.:924 [0C];

(O ouvtel.eoolq 0epprrcrlg 6ur1ut6oltog otr1 p6oq Oepporcpooia

T.:924 [oc])

Apa nporcrinraP=O,755

O opr0p6g Nusselt po mpBril8q po{ p6oo oe oro}"r1vo rcurXucng 8rutoprlg 8ivetat o,n6

q o16oq:

Nttn :( % )' (Y-' o*)" o' 
l,.( g%l

r+ n,7l(4(0'.",-') L \ L ) l

v
Pr= -

ct

6zrou,

6 = Q,82log1s Re- I .64)-'

,^,rr: frrfll]
\Pt" /

o1forl 2.7.10

A6yrrl rn g Trtpto prclrevn g ruepro2gdq Oeppoxpuo"rrirv rc1per:

Pr
Pr-

Apo Nu:Nug:25,6

O ouvrel€orr1g ouvolrrlylq 8fvetor ozu6 q o16o11:

Nux l o?C6orl 2.7.11

(O oprOp6g Nusselt)

),:0,0834 [WmK] (O ouwe]"eon1g Oepptnlg oyrrlytp6qrog orTl p6ot1 Oepporpoola

T.:924 [oC])

di:0,0703 [m] (H eocrlteprrrl 8tdpetpog ttrlv orrrlrlvcrrv)

Apo nporcffiter o ouvtel,eoclq ouvo,ytrlplg rcov rouooeptrrrv ylo rnv rupioq 66opt1

oro).r1vov o1:30,4 twm'zK]

A = -
di

6rou,

Nu:25,6
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Yruol,oyrop6q tou ouvrel€orn opvoTtrryrlq rou vepof u.r

H perogopd 0epp6qroq ofllv nepro26r1 rrrrv 66o <pdoerrrv puopei vo ytver pe 66o

plxovlopo6g, 6ql.a6q p€ o'Dvoyr,lyl rcor pe Bpoop6. Or ouvrel.€or6g Bpoopof zrou

8ivovtot oq prBl,rcypu<pia 616ouv na,pOef arcb nlapd;1toro oe ouoret6g Xrilpt;

r,cur)"oqopio rou peuorori. O ouvm),eoc1q ouvolcoyrlq ppaopori tou vepori 8lverCI,r ofi6

tq o16o11:

a b = f f i ' ( t * - t u ) n '

6noD,

m:52 ro,r n:2,35 epnetptroi erc06reg, Tl rlpn trrrv onoiov e\uprarat cn6 to ei6og tou

oypori, rrlv zri€orl Bpoopori Kor rrl q6on qq ernrpdver.o,g cou 6o1efou.

t*:195 [0C] (@eptrrorpcroiu, eorrrteptrr'1q ern<pdveurg oco].r1vrov)

tb:l85 [0C] (@epporcpooin Bpoopof)

Apo ruporcfftrsr 06:1164 [W/m2K].

O oDvteLsoqq 0epporcpcrr6rrlrog unol"oyf(etot u,n6 14 o16oq:

1 l s l
;= -+ ;+-+- f f r+- f f2
A A , A A ,

o16o11 2.7.12

016011 2.7.13

or(6on 2.7.14

o7toD,

01:30,4 [Wm2K]

uz:1164 [Wm2f1

s:0,0029 [m]

l":50 [WmK]

ffi:0,002 1m2tVW1

ffz:0,0002 1m2wW1

Apo nporcrinret K:27,8 [Wm'K]

Yzro),oTrcp6q trlg F€onc Oepporpoororcfi c 6rcrgopdc

H p6oq Oepporcpaororcq 8ragopd uao),oyi(etor on6 tr1 o16o11:

A@r =
A@M - A@r @i _ d.) _ (0', _ 0;)

l 'A@"
A@,

(Xuwel,eorrlg o"uvoycoplg rrrlv rcu,uooepirrlv)

(Iuwel"eou1g o-uvoyroylg rou vepori)

(Ildlog trrlv orol.qvrov)

@uvteLsotrlg 0appuolg ayrrlytp6r4rcrg)

(Xuwe),eorr19 pfnovor'1g rov rcouoaepirrtv)

(Iuwel,eotrlg pfrcavoqg tou vepof tpo<po6ooic,g tou LeBr1to)

.  0 : ,_0.
rn  -+

0r -0 ,
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o7[o1),

0r' =l2t6l'Cl (H Oepporpootcr ero66ou rrrlv KoDooepirrrv oc'1v zuprbcq 66opn)

0, = 562loC) (H Oepporpaoia e(66ou rrrlv Kooooeptrrlv on6 tqv npiotq 66opq)

0, =184loCf (H 0epporpooio roD Kopeop6vou otpof oe P:10 barg)

0', =l}4loCf (H 0epporpcroia roD Kopeop6vou vepo6 oe P:10 barg)

Apo nporfntet A@.:676,6 [oC]

H 0epp6qro fiou uno6i6ator pe ouvoYoyl8ivetot on6 tqv o16oq:

bou,  =K 'F 'a@.

6noD,

o?C6oll 2.7.15

K=27,8[Wm2f] (oouvte].eorqqOeppozcepot6cqtag)

F:l19,98 [m2] (H emqdveto wo].].o.yr'1g 0epp6qtoq' 51],obr111 eznqovetCI' rlg

np6qg 66opqg ocrll,rlvcov)

A@,',:676,U toa, (H p6oq 0epporcpootorq 8tcrqopd)

Apo nporcrinter Q*u1:2256773 fWl:2256,8 [kWl'

4.7 Ynolayrcp6q trlg azro6t66pevqg rc26roq ctqv 8eftepq 66cpq ooffivcov

xq 6e6mp4 66opr1 ocrllrlvrrlv 11 oepporpoolcr trrrv rouooeptrrrv rot6p26etot on6 cq

0epporcpooio To oq oepporpo,oio Ta. E9app6(owot orcptBioq or i6req ol6oerg ps rnv

nopdlpqo 4.6.

H p6oq 0epporcpootu tov rcouooeptorv oc'1 8eritepq 66opr1 ocrllrlvrrlv uno)"of(etut on6

n1 o16oq:

7,, +7,
t m 2  -  

^
L

6zroD,

TD: 835 [K] (@epporcpo,oto ero66oD rrrlv rauooepiorv orrl 6ei5tepr1 56opq oo]"qvcov)

T:473lKl (@epporpoo-io e(66ou rrrtv KoDooepirrrv on6 tov crcpol.epqtct)

Apo npor0nrtrT^z:654 tKl : 381 [oC]
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Xpnon Btop6(oq vro nopavroTf otpo6 TEI leopiov

Ynol.oyrop6q ern<pdveurq ool"rlvrov 6er5tepqq 66opnq

f eolpetptrcd, ?(opoKrnptorrrd tprilolq 66opqg orrrl"rlvrrlv

Apr0p6q orrllrlvrov Z 39

E(rrlceptrrl 8rd,petpog oco),r1vrrrv du 0,0761m

lki26oq oro).rlvrov 2s 0.0058m

Eoroceprrcr'1 Sdpetpog orrrl,rlvrov dr 0,0703m

Ynol"oponrfl 6rdpetpog ool.rlvotv d. 0,0732m

Mr6oq orrll,qvrrlv L 45m

Ernrpdveiu orrl)"r1vcrrv Fot 40,34m'

Apu nporrintet:

Fo t  =  z '  T '  d  ̂ '  L - -  40 ,34  m2

Ynol,oTrou6E tou ouvtel,eorri ouvaToYrlg tov rouooepiov at

O optgp6g Reynolds zou eivot <n1pcrvctrc6q 1110 rrlv reptlpo<prltou ne$tou porlq

uno).of(etor crn6 tq o16oq:

wxd ,  pxwxd ,
D o =  '

n

(H eoroteptr4 8dpetpog trrrv orrr)"4vrrrv)

(H mrv6trlro rov rcouooepftov orq p6oq 0epporcpcrolo T*:381

(To 6uvoptrc6 r(rir6eg orn p6or1 Oepporcpaoia T.:381 [0C])

(H tolpcrpo rrrlv rcruooepirov oolv nprilrq 66opq orolr1vrrlv)

H tullrqto rrrlv Ko,uoo,epirov unol"oyt(etat crn6 tq o16o11:

w= 
f f i '

pxA

6nou,

mu:2,28 [kg/s]

p:0,548 [kg/ttt']

(H nopopl rrrlv Kououepirov)

(H rurv6apc ttov rcauooepicov orn p6or1 0epporpaoio T.:381

(H 6wtopq rqg np6rqg 66opr1g orrrffivtrrv)

fcl
4:0,151 [m2]

6nou,

di :0,0703[m]

p:0,548[kg/m3]

fcl
n:3,129*10-s 1tas1

w:27,5 [m/s]
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Xorlol Ftopri(og Tto noporrrlYrl atpof TEI lepp6v

H 8totoprl trov o<rr)"r'lvrrrv unol,oli(etot crn6 rr1 o16o1:

x ' d2
A= z '---------!-

4

6nou,

z:39

d1:0,0703[m]

(O opt0p6q trrrv oo)"r1vcov rng npdrrqq 66opqg)

(H eoolcptrfl 8rdpetpoq crov orrrL.rlvcrrv)

Apo nporfntet Re:33859

To rwrlpaor6 (ri:6eq eivor:

n - a , -
r )= - lm ' l s ]

p

O ouwel.eoqg Oepptrcqg 6ropt6tqrog a TroD erc<ppd(er q Oepptrcn o8pdvetu, trov

ocopdtrrrv 8tvetar on6 tr'1 o16o4:

)"

pxcp^

6nou,

p:0,548 [kg/m3] (H nurcv6o'1ro rov KouootpiCIv oq p6on Oepporcpuoio T':381 [0C]1

l,:0,0487 [WmK] (O o'uvte].eoa1g 0epptr4q oyoryrp6trlrog orl peorl oepporpoolct

T*:381 [oC])

co:I185 tJ/kgK] (H edtrr1 oeppolrrlpqor6trltc cp r(Dv rouooepicrrv oa'1

Oepporpooio T*:381 [oCl)

Apa npor6 nret x=-8,026* I 0-s 1m2ls]

O clpt0p6g Pradl unol.oyi(etot on6 rq o16o11 q on6 roug o1trlKor5q n[varceg:

V
Pr  = ;

o

6noD,

y:5,912*105 [m2ls] (To rcwqponr6 t(io6eg o'q p6orl Oepprorpooia, T.:381 [0C])

r8,026*10-s [m2ls] (O ouwe]"eoc1g Oepptrc(g 6ropt6nltcg oq p6oq Oepporcpooio

T,:381 [oc])

Apu, ruporcrl nrr.;r Pr0,7 42



Xprlorl Frop6(ag Tra napoTtrlTfr otpori TEI leooiDv

O apt0p6q Nusselt yu rupBio8q poi p6oa oe oco)"r1vcr rcurltrttg 8tatopqq 6tveto,t on6

n1 o16oq:

€ = (I,82logro Re- 1.64)-2

Nu = lyuo( 
p' 

)o"
IPt" /

A6yrrr qq ffi pro propevrl g zreprc2g4 g oep porpootrirv ropret :

P '=1
Pr,

Apo Nu:Nus:84,8

O oDvte),eorr1q ouvcryrrlyrlq 8ivetar azr6 tr1 o16ot1:

Nux ) ,
a= -

di

6nou,

Nu:84,8 (O opt0p6q Nusselt)

),:0,0487 [W/mK] (O ouvte].eodg 0epprr4g oyrrlytp6c'1rog onl p6or"1 Oepporpaoia

T,:381 [oc])

d;:0,0703 [m] (H eorrlcprrrl 8tdpetpoq trrlv ocrl].r1vrlv)

Apa nporr5TrTtt o ouvtel,eoclq ouvoyoyqg rov KcDocrepirrlv Yto rqv nprrltq 66opt1

orrll,rlvov o1:5 8,7 [Wm2K1

Yno),oTrolr6g rou opvte),eort"lo'ovsyrrtTfq tou vepof or

H pecoqopd 0epp6qtog ornv nepro26r1 trrlv 6rio gdoerrrv pnopei vo yiver pe 6rio

pnlovropor5g, 611l"o611 pe oDvoTCITq Kot pe Bpoop6. Ot ouvtel.eot6g Bpaopor5 nou

8fvovrar on1 BrBl,wypotpic 616ouv nop0et un6 rrltpuparo ot ouoKeofg Xrrlpt€

rur)"o<popio roo peootor5. O ouvteLsotrlq ouvayoyrtg Fpootrori tou vepori 6tvetor CI,n6

rq o16oq:

Q r = f f i ' 1 t , - t u ) ' - 1
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ofio1),

m=52 Ko,r n:2,35 slrTr€lplKoi er06mg, q crpn trrrv onoicrv e(oprdtur an6 to eiSoq rou

uypo6, qv zuieorl Bpoopou Kot rI qfol qg ern<pdveto,q tou 6o1eiou.

t*:195 [oc] (Oepporpaoicr eorrrteprrrlq ezn<pdveug orrllrlvov)

(@epporcpooicr Ppoopof )tb:l85 [oC]

Apcr nporrizrret 05:1164 [Wm'K].

O ouvtel.eorlq Oepponepor6nltag unol.oyi(etu,r on6 tr1 o16o11:

1 l s l

Ko tAaz

6nou,

or:58,7 [Wm2f1 (Xuvte].eon'lqouvgyol^yrlgrovrcuuooepirov)

az:1164 [Wm2f1 (Euwe].eon1q ouvcrlolylq tou vepori)

s:0,0029 [m] (fldlog trov oro]"(vov)

l.:50 [WmK] (Iovte]'eon1g 0eppucng alrrllrp6altog)

ffr:0,002 1m2tclWl (Xuwel.eotqg pfnovoqqrovrouooepirrlv)

ffz:0,0002 1m2t</W1 (Iwrel.eodg prizravorlg rou vepor5 tpoqo8ooioq too ).epqto)

Apo nporcr5 nret K:49,6 [Wm'K]

Ynol,onolr6q trlq p6ong 0epporpu,outKRc 8tcrtpopdc

H p6oq Oepporpuotorcq 6to<popd uro),oyt(eto,r on6 q o16oq:

A@, :
A@M - A@r (0',' - 0'.) - (e; - 0';)

ln 
A@"

A@,

o7[oD,

0r' = 562[0Cl (H Oepporpuoio eto66ou rrrlv Ko,Dooepiotv otrl 8eutepq 66opq)

g, =200loC) (H Oepporcpcroio e(65oD rrrtv ruuooeptrrtv an6 q 6er5tepq 6eopq)

0', =184I'Cl (H oepporpooiu rou Kopeopfvoo ortrrori oe P:l0 barg)

dz =I84 [0C] (H oepporpaoia rou ropeopfvou vepor5 oe P:10 barg)

,  0 , ' -0 ,
t n #

0 r - 0 ,

Apo zrporrintet A@':676,6 fC]



Xptlon Bropd(og Tto nopoTcrlTrl ortrof TEI Isppipv

H 0epp6rqro, Troo ano6i6erat p€ oDvoyoyrl 8tvetur on6 qv o16o11:

Qo, ,  = K ' .F 'A@-

o7[o1),

K:49,6[Wm2f] (Oouvte].eonlqOeppozrepot6tltog)

F:40,4 [m2] (H ezn<pdveu wa].].oyrlq 0epp6tqroq, 61].u8r111 enr<pdvslo rlg

8erireprlq 66opr1g ocrl),r'lvrrlv)

A@*:l14,5 [0C] (H p6or'1 Oepporcpaourcr'1 6ugopd)

Apo nporcunra Qounl:229089 lWl:229,1 [kW].

4.8 Yao?,opcp6q ?(o poK"q protrxdrv pe-ye0cbv too uc polfBqto
'Evo 

1crporcT r1proarc6 pteye0og noo Xprlorponoreircr otov <r1e6uop6 rcov arpol"eprltrrlv,

eivct q edtnl q6pflon tr19 Oeppcrvor,clg ern<pdveug, rl onoiu uruol"oyi(erot azu6 tr1

o16o11:

'  mr1
Qo=- i

r -

6roD,

mo:6000tkg/hl (Hnu,pa,yrrrlrlarpof)

F7:166,7 fm2l (H ouvo),rrcr1 0eppawrr( ezngdvero rou l.6Br1ta) ndlz

Apo ruporrinmr rl edtrrl q6ptro1 qg 0eppovrrrqg ernrpdverag qp:36[kg/m2h]

Xtoug l.eBqteg pe eodo oldpog XpnorpoTrotetrar entoqg n 0eppucn <p6pnoq 8totopqg,

r'1 onoto unoloyi(eror on6 q o16oq:

m o ' H -
Qo=-T

l7

o7[oD,

m6:8208 tkg/hl (H nopo26rl tou rauoipou)

Hu:4150 [kcal/kg] (H 0eppoy6vog 6r5vopq rou rauotpou)

A:7,82 fm2l (H 8rotoprl tou 0o).dpou rcarioqg)

Apc nporcr57rrsl n Oepptrn q6pctor1 8roropqg qs:4,36 [MWm2].
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Xorloq Frop6(oq yto nopoTtpyfr otpori TEI IsopiDv

4.9 Orppoxpaota ozo?uoyropori

4.9.1 Oeppoxpao[a xopeopof prficer qg nisoqq lertoupliaq too l^6pqtc

H p6yrou'1 0epporpooio l.ettoupfuq (Oepporpooto urc6p0eppou otpof) ern"l.6yetat

Bd,oet qg pfyroulg erntpen6pwqq rci"eoqg tou LsBrlto rat epqavi(eto,r otov napcrdtor
zuivoro.

flieon ).erroupTioc lbargl @epporpcroio Kopeopori f C]
10 184

4.9.2 Ko]"rv6 pr.x6 erepipl'q pcr

ftor ro rnrl.rv6pm6 neptB)"r1pa r'1 Oepporpuoio uno)"oyropor5 Bpioretor o,n6 q o16oq

t": tr+4e*15

6nou e sfvo,r to nd;yoc,tou rctl"w8ptrcor5 neptBl"rlpotoq

4.9.3 E<offiveq

ftg rouq oo),qvsq arc6 rr1 ocyprl TroD ro p6ytoto ernl"ey6pwo nd,1og eivot e1:4 mm, T6t6

2xe;2x2,9:5,8 ro ozoio eivor prrp6tepo an6 25. Euven6g 1 Oepporpooio uno)"opopoti

ylCI, roDg orrl),qveq Bptoretot on6 tr1 o16oq. Ern}fyetcr orrl),r1voq 6veu poqqq rcotd DIN

244811629

t.: tr*f,J

4.9.4 Koxh.xrfi. xa?*.6ppata

fro tu rcorcl.rrcd rcol"r5pparo (epzrp6o0to rcor ozrioOro) u,n6 q ocyprl TroD ro p6ytoto

err)"ey6pevo n61oq elvar eo:25 mm, r,6re 2xer:2x25:50 to onoio eivar loo pe 50.

Iuvenrbq q Oepporpooio urcol,opopori Tilr ro rcux)"trd, rcrl,fppoto ppioxetot on6 tt1

o16ot1

t.: trfJQ

4. 1 0 Yaoi'oyrcp6 g nhTort g xolrvD prxod zeplplq poroq

To ozrcptofpwo ru626oq too rculw8ptrori zreprBl,qporog oupnaprlappmrowctg nq npoocrulrloeq

urcoLcryi(etor crr6T n oX6o'n

es3:essfCl-fQ2

67toD,

c1:1 mm eivor q npooori(r1or1 l"6yrrl crvootd0ptolq roo nayanq a6 l,apapivog Kot rrov

KcT,TcloKtococtrcrirv ovolcilv
c2: 1 mm eivu,t 11 npooorilrloq ),61111 DrdBprrlorlg

o16o11 Q.I-2)



To oTrsttolipevo ndloq tou
on6 q o1forl

n'4,
r - --cs 

\z 1-p,)-v+2.p,

6nou:

r,nrlw8prrorS neprBlrlpcrto g Xrrrpr; t4 npoocru(r1oeq unokryi(etor

o16oq (7.2-2)

9cs l l ,2 Altrltroril.rev o rlyogtou rel.6<pouq Xrrlptg r'€ rcPgggg€tlgg5lrnml

Pc 1,0 llieorl unol.opopori [N/mm2]

do, 1986 E(orteprrr1 Stdperpoq tou rel.6<poug 1r'lpq q5 rPgggg€Iggltmm]

f, 103,33Xro0epri cr\fro1Rq tou uhrof min (Rp/1,5 , \rrv2l!I|N@m]l

v 0,85 Euwe).socr1g rcot6tqtog oulrol"l"rloecov
to uhrc6 P265 GH or5pqrrrvo pe to np6nmo EN

10028-3
H Oepporcpooto unol"opopori etvar

t": t.*4e*15:283 [0C] (ov ]"dBoupe ozr6yrl ro ndlog [oo ;.re 20 mm)

lloipvoupe rrlg 0epporpoolcr ovotpopdq rcuq 300 [0C]
Or oto0ep6g cwtolqq tou ul"trori eivat:
i) Rp yro u),u6 rcoraorceur1gP265 GH oroug 300 0C eivu,r 155 (ruivorog 4 tou EN 10028-

2)
Apo nporr5ntet Rp/1,5:1 03,33
ii) Rm'yu ul.trc6 KorooKsDllSP265 GH otouq 300 0C eivot 410 (ruivoroq 3 tou EN

r0028-2)
Apcr nporrS nret Rml2,4:17 0,83

Apo q otu,oepd, ovtoplq tou ul.tro6 eivu,t min(Rp/1,5 ,Rml2,4):103,33 [N/mm']

Tel.K6, to oaottoripsvo rnTogtou rul,rv8prrof mpfffiFctog oupneprlnpprivowag rq

l uc r oTov 7nv0K(I

gct Cr A2 Qa Enrl"sy6usvo napq relf<Pouq

ll,2 I I 13,2 16

4.ll YnoLolrop6q n61oog oorl,rlvorv noD Dzt6xswTot. ce ef,oteprxq oztepztieorl

To el,6poto crzu,ttoripsvo n6yog ocol.qvov unol"oyi(etat on6 rq 016o.rl (12.1-1) 11 ono tov

rcivaro (12.1-1)

eTsl+C1+C2 qcforl(12.1-1)

ofioD,

c1:1 mm eivcrr 11 rupooo,ri(qoq 1.61o crvuotd0prorlg roo n61ouq qg l,opopivog Kot rtDv

Ku,rooKsuoonrcdrv ovo26rirv
c2:l mm eivot q npooori(qor1 )'6yro 8rdppoorlg
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Xorion Btolrd(ag Tra nupoTc,lvrl atFori TEI XeppiDv

To anarro6prevo ndloq tcov octrffivo)v Xrrlpl€ a6 npooau(r1oer6 uno).o(etan an6 Tn o16on

s  .  =  P ' d o
' '  1 ,6 . f

a;6o-n Q2.l-2)

o7tolJ:

9cs 0,432 Azrattofp.svo napgrcov ool"tlvrov 1ropi4 ct6 ltpooco€noeq [mm]

p 1,0 flieoq unol"oytopori [N/mm']

do 76,7 E(roteptrcrl Srdperpog tcrrv ocrrl,rlvrrlv [mm]

f, 110 Ito0epri awogrlg tou ul.mof min @p/1,5 ,Rm/2,4) tNitt*1

fro roug orrll,rlveq ezurl,ryoupe to ul,rr6 S45.8 o-fprporvo pe to np6nno DIN 17 175
H Oepporcpoolo uno]"oyropor5 eivor

ts: tr-r)J:)l3 [oC]

llotpvoupe olg 0epporpaoio uvoqopdg toug 250 [0C]
Or oto0ep6q ovtoplg tou ul"trcof eivar:
i) Rp yra u),trc6 St35.8 o'roDq 250 uC eivot 165 (nivorog 6 tou DIN 17 175)
Apo nporcuatet Rp/l,5:1 10
ii) Rm yto u).trc6 545.8 oroog 2500C eivot 360 (ruivorog 5 cou DIN 17 175)
Apu zrporcf nret Rm/ 2,4: I 5 0

Apo n otcr0epd uwolgqg tou u),.mori eivcn min@p/1,5 ,F.mlz,4Fl10 tNitto"l

T(l) 7nV0,K0

4.ll.l An6ctaorl petorfri trov corl'rlvorv

'Onrog 8tarnotiDveror Kor uno ra Koro,oKruoottrcd o2665ro tou nopopnlporoq q an6otoorl
pero[ri rotv oco]"qvov eivat peyc]"rirepq an6 rqv e]"dpoal u,ncttotipwrl uru6otuon 7ro1)
ruporbnret on6 q o?C6on

0,I25xdo+7:16,5 mm

4.12 Y nol"vyrcp6g n&6orq roxlrxdrv xaluppdttov

To rcurl,trd, rol.rippoto (epnp6o0to Kol ontoOto), 6ncog ep<povi(ovtar Kot oro
Ko,ro,oKruo,onrcd o166to, efvor entT€6o. Or rcur],rroi elrifi€6or 8ioxot etvot opotBoia
oalprlpwor peool trov orrrl,rlvov Kor roo rul,w8ptrori aepfl"rlpatog. To uruoworipsvoruiryog
rrrrv rcurcl,trcrbv suun66crry 8iorcry urol,cryi(etot ozro q oX6o'n

016o.rl(10.2-1)

Teltrcd, to czcntofFsvo nn4o;rrrrv orrll,rlvrov oupneprlappcrvowog rq npoocru(tloetq

€pa:€ch+C11-C2

\ I O E ) H K H
, ;  i .-" l" l : ' i i  I



XoforLFroud(ag Tta nopoTrpTfr otpori TEI leppiDv

o7toD,

c1:1 mm eivar q npooari(qoq l,6yro avtrotdOptong roD zrdlouq qg l"opapivos Kot rov
Ku,rooKaDoorrKd)v ovo26rbv
c2:1 nur etvur q zupooori(r1oq l"6yrrl 8tdBptootlg

To crcoworigevo n61oq tcrrv rcurlrrrbv enud8rrlv 8forcrv XCIpl€ tq ryooou(r1oeq uno]"o1i(etot
on6 rq 0160'rl

€"h = c4 o160'11 00.2-2)

o7[oD,

ca,:0,36 ywrt ra rcurc),rrcd rcolr5ppoto eivat ernnx6o, ouyrol,l,rlp6vo rcu,r crn6 ng 66o
zrl"eup6g ror o )"6yog rou n626oog trrrv roluppdtorv fipoq ro nayoqtou relfgoug eivcrr

ey,ler:|,14 nlvorag (10.2-l)
y: 1 lcrrpig ovnoqpi(erg
b:678 mm eivcr q Dfiol"oTrorrKn 8rdpetpog, 6n),a6n q 8rdpetpoq tou peyu,l.rirspol)

rcurcIou nou pzropei vo qrypa<pet oro o8tdtpqto rprlpo tou 8forou

Cl 0,36 Xuvre),eorRq
b 678 Yzrol"olonrh 8tdpetpoc lmml
v I Iuvrel,eot{q

Fc 1,0 llieon unol"oytouori fN/mm'l
f 116,66 Xta0eod crwoyRc tou olmori min (Rpil,5 , Rm/2,4) fN/mml

fta ta erlns8a nrr),trd rol,r5pparo aur.Leyoupe to ultx6 P265 GH oriprpcovo pe to np6nrro
EN 10028-3
lloipvoups trlg 0€ppoKpooicr ovo,gopdg toug 250 [uC]
Or oto0ep6q ovto26qq too ul"trori etvar:
i) Rp yur ul,tr6 P265 GH oroog 250 0C etvor 175 (ntvorc,g 4 tou EN 10023-2)
Apo nporalrutet Rp/ 1,5 :l | 6,66
ii) Rm yra u).rrc6 P265 GH oroog 250'C eivor 410 (ruivo,rcog 5 rou EN 10028-2)
Apo nporcri nret Rm/2,4:17 0,83

Apo q oro0epd, crwop1g tou ul,trcof eivu,r min(Rp ll,5 ,Rrnl2,4):176,66 [N/mm2]

Tel,trd, to onortoriprrvo rnyogtrrrv emn66rrrv ruxl,rrcov ral,uppdtrrrv oupneprlnppfvowo6

4. I 3 Ynololrcprf g avory pritarv oro xolurv8 ptx6 zrspiBl'q pa

H p^ryol.ricprl 6uvoa1 {rrltepucn 8rnpetpoq d.u sv6q pq wLoltpevou crvotypotog unol.ffietot
on6 cq o16o'n

,ol)outqsTor oTov tnv([K0,

9ch C 1 C2 foa Erurl,e'y6pev o napg etntr66rlrv rorchr<ilv
raluppctow

22,598 I I 24,598 26



d, , r , , ,u ,  = t . f l t t - ,  , )
\ v , ,  )

6nou.

, '  -  P ' ' d  ' ' -' "  (z ' r , -  p,) 'e,- ,

oX€oq (8.2-2)

oX6o"n (8.2-l)

K(tr

t -

Apa

aX6o'n (8.1-l)

0,594 Xuweleoulq {oo0wrcry

Pc 1,0 flieorl unol"opopori [N/mm']

di, 1954 Eocrxepmq 8rapecpog tou rehi<po'trg [mm]

9rs 16 II626oq rul.w6pxo6 nepflqpratoq tmml

f, 103,33 Xm0epd mruo26r1g too uhrori min (Rp/1,5rfqryIN@1

doo** 242,698
H p"ryraq emtpen6prerrq 8uipretpog svft pn wto1lp^svou

crvoiyt^totoq lmml

1,, 177,54 Ioo6rivupo pnKog rcptoeoPiou [mm]

va 0,594 hmel"eorrlg {oo06vtonq

Xuveirioq, to povo6rr6 wotTpo tou rarl,w8ptrcori rceprBl,rlporoq to ozcoi'o y:r;rrt{erar sviqgrlon

eivot 11 eMeurnr,crl oznl (av0prrmo0rrpt5ct).

O 1ot'oq rou pr.ey6l,ou Trpog ro pmp6 d(ovu avat 4601360:1,28 to onoio e[vot prrcp6cpo u'n6

1,5. ftct-tov unol,oytop6 0a \tpOei roq firctrretpoq q fidotooq tou ptrcpori dlovo qg 6l^l"etyqq'

6nla6n
ra 360 mm.
f1g Tt1v evioxDorl n1q ovoprono0upiioq ernliryetcn aruo1uTtrc6g 8arcrfhoq an6 ul'trc6 P265 GH

tr€ floxoq erp: 1 0 mm Kot toobrivopo p(rog neprolo pint ln:27 0 ,82

1., 226,89
Ioo6rivopo pllKog ztepto'ropfiou [mm]

€:etrfe* 26 IuvoL,rr6 rrtpgrcehigor4 rcot wtopnrod SorcruLiou [mm]

di. t954 Eoaxeprrrl 8uilretpog ro'D rc)ulxgoug tmml

1,, 177,54 IooSfvopo LrnKog n:ptotopiou [mm]

96 t6 lfti26og rarlw8pmori reptBlrlpocog [rnm]

di, 1954 Eocotepucrl 6raperpoq tou rcelritpotrg [mm]
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va 0,365 Eurusi^eorng e(cro0wmr6

Pc 1,0 ilieoq unol,oTropori [N/mm2]

dr, t9s4 Eorrnepml 8uipetpoq m'u relfgouq [mm]

ffiIStgm 26 Xwolrrc6 nnXoS relfgoug ro,t nno16rarcorl 6orcruliou [mm]

f, 103,33 Xtc0epd, awo26qg roo oltrcori min Ep/1,5 ,P.m/2,4) tN/.ro"1

Xpnorl Frcpri(oc vtu nopoTcrlyfr orlrori TEI leppd)v

dour* 789,45 H p^fpoq eznrpen6pernl 8uipretpog sv6g pI svro?CupsvoD
avoiyusroc lmml

1.. 226,89 looSrivapo prlroq rceptoroptoo [mm]

va 0,365 Xuweleocnq €€uo06wo'nq

To anotrflsopo ?roD nporctrwet eivar d6 ,,-r:789,45 mm, To oroio eivor oo<puldrrg p^rydurkepo
uzr6 q 8uip,erpo qg av0pamo0upi8og d=360 mm.

To onortolipsvo ndloq cqg w0prono0upi6og oupneprlappdvovroq cq npooou(r1oeq
tnoLoyi(eta,r azu6 rn 0160'rl

e56T.6tg1*92 0?(60'rl Q.1-2)

ofiou,
cr:l mm eivo,r 11npooo6(r1oq l.6yol avnord0proqq rou rca1ou;qq l"o,po,pivoq Ko,r rcrlv
KorcoKe't)u,ottrcirv ovolrirv
c2:1 rnm e[vot 11 npoocrr5(r1oq ]"61crl DdBprrloqg

To snurroliprevo nd,1og rqq av0pomo0upfSog 1opl€ ng rupoouu(r1oeq trcol.oy(etot on6 n1
oI6oI

P,.4u o1€on (7.2-2)€rb

\2.f-p).v+2.p,

o7[ou:

ecb 1,734 Arcattoflrevo nayogrou rcel,fqoug ?Ccrrpq rq zpoouu(qoeq [mm]

Pc 1,0 llieorl uzuol.opopof [N/mm2]

dot 360 E(roreprr4 8rdpretpog tr6 av0pornoeupi6o6 Xco$qn€ apooott?loeq [mm]

f, 103,33Xrcrgepd avroXqg rou ul.trcrf min (Rpi 1,5 ,Rm/2,4) fN/trotr1

v I Xuvrel"eorr1q notonlrcrg ouyrcol^Lrloecrrv
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Xpnon Ptop6(aE Tto nopoTrrlyrl atporl TEI leppiDv

Tel,rrc6, T o crcartofgsvo nnyoc,cqq crv0prozro0tpi6ag o"upneprlappdvovtog t4 npoouu(qoeq
)oDot0,qtt0l. oTov T(D 7nV0K0

9cb Cr A2 9sb Eml"ry6psvo na)Cog rng
avOprrmo0upi5uc

1,734 I 3,734 6

Eniorlg, rKovofiol€irot r'1 e(iorrloq roD sl,d1toroD fia6ouqw6g neprctop[ou, to onoio
unol,oyi(etat crzr6 rn o16on

min er6 {,015x doa*3,2: 8,6 mm

Aru6 m un6l,orns 7r€pror6pw 0a e(etdooupe p6vo to p"eyol,6tepo dvotTtlo, ro ofioto 61et

6rdperpo
dou:168,3 mm.
'Onrog 11611 61er uvogep0ei po aut6 Kol Trcr ro, ptKporepo cvoiypo, o 6w oncnteito,l twof)flKoq
6arcn-rl"tog.

To azcartotipevo n626oq rou oufrcKp+Itvou neprotopiou or4rnepr.lnpftivowog rq

npoocru(r1oe4 unol"cry(etcn onb 11 at6o'n

9s6:€q6-f01-rC2

6ruou.
c1:1 nur eivor 11 npooori(r1or1 l"6yro crvnordOptolq too ndloDg rng )"apopivog
K0,r Tov Ko,T0oKsu0oarirw ovolcrlv
c2=1 mm eivor q Trpooofqnoq )"6ytrl 8dBprooqg

To onurroripevo nd,26oq roD oufKeKptpsvou neptmopi,oo Xarpl6 rq zupooou(4oeq unol.cryi(emt
on6 q o'X6o'n

P,'40 o16o11 Q.2-2)€rb=

Q.I-dr*z.n
ofiou:

ecb 0,986 Arcurrofp^svo rwyoqroD r.eptoroptou X@pt;rq zpooau(r1oeq [mm]

Pc 1,0 llieoq unol.opopori [N/mm']

d"u 168,3 Efrrltepucrl Dtdpetpog roD Treprropi.oo Xrtlprg ng npoouo(rlostq lrym]

f, 93,33 Era0epri cmoflg tou ul.ucof min @p/1,5 ,Rm/2,4) [N/mm']

v I Iuwe)"eorr1 g nor6nltag ouyrcol"Lqoerrlv

fro ro o'uyrcerprprsvo neprot6pro ezcrl,ryoupe to ulm6 St
17  175
llaipvoupe rog Oepporcpootu ova,<popdg rouq 300 uC

Or oro,0ep6g crvtolqg tou ul"trori eivot:
i) Rp po uf,ir6 rcoraorce-unq St 35.8 oroDg 300 0C eivot
Apcr zrporcfntet Rp/l,5 :93,33

35.8 origprrwo FE ro ruP6nrno DIN

140 (nivorog 6 tou DIN 17 175)



ii) Rm T1o Dl"1K6 Ko.rooK€unq St 35.8 oroug 300 uC eivar 360 (zrivorcoq 5 rou DIN 17 175)
Apo zporf nra Rm/2,4: 1 50

Apo n ora0epd awo14g rou ulrrof etvor min(Rp/1,5 ,Rm/2,4):93,33 fN/tr*1

Telrrd,, to azucntoripuvo zo61o9 cnxori rou Trrproropiou oupneprlapBrivowo6 rq npoooo(4oeq
nopouora(eto,r otov roupard,rro zrlvcrro

€cb C 1 C2 gst Eml^ry6pevo :rnyogTrc ro
otmceKpt[^6vo neptm6 trro

0,996 I 2,996 6,3

Ezrto-qq. rrccrvonoreitur q €€ioCIo-n rou e).dpmou ndlouq w6g neprmopiou, to oaoio
uro).oyi{ctat ano rn oxron

min e.6 =0,015 x do6*3.2 :5,725 mm oX6oI (8.3-1)

'Oln 
tu un6Lornu neptot6pra 0o 61ouv nrryog €*6:5mm. rcuOrilq 6ro-r trcrvozroreirut q e(ioroorl

rou elalrmou nclouq w6q neptoropiou ur6pra Kor yro ro p^ryatrr5rspo un6 ro svofioprivuvtcr
neproropro pe do6:60,3rnm ro onoto uzo)"oyi{erur azr6 q o1rol

min e.6:0,015x dou*3,2:4,105 mm

O o'uvteL"tonlg e[aoOsvlo'rlq rou ooTKtKplp^svou ovoiypatog oro r,cutrw6pm6 zrcpip],qpa
unol,oy(erat an6 q o16o11

I 'u =;------n ,  =0.72<l'  
12.l ,., + d,,,,)

ox6on (8.2-5)

En[o-nq, nptrctvo, rKrvoTroteirar q e(ior,loq qg rcutan6vqorlg

(.f ,. -f ,) o1son (8.3-10)

far 82,068 flpaypu,nrn q6paon fNlmm'l
f, 103,33 Ita0egi awo2grlg tou rcelf<poug min(Rp/l ,5 ,Rrn/2,4) tN/r.o"1
f6 93,33 Xto0epd, crwop'1g roo Trsploroptou min(Rp/\,S ,Rm/2,4) fN/rnrn1
Pc 1,0 flieoq unol.oTropori [N/mm']

di, t954 Eoroteptrq 8r.operpog tou rce).;riqor-rg [mm]
wrs 16 fldroc rou rul,w8ptrcori fiepr8).jfruoroc fmml

diu 155,7 Eocoreprr4 8uipetpog rou ?rsprorolriou [mm]
9rb 6,3 ll&Xoq rorl 7r€puruopiou [mm]
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Pq 6t9,2275 H ekilrotrl arorrofpevq oru6moorl an6 rfwpo oe r€wpo 6rio
Sra8onrcirw avowucrcrrv tmml

diur 348 Eooteptrr'1 8td,perpog rou zuprirrou neprotopiou [mm]
erbl 6 lldlog tou nprirrou neprctopiou [mm]
diuz 158,3 Eoorreprr4 Srdperpoq rou 8errrepou ?rrproropiou [mm]

erb2 5 ll61oq rou 8eiitepou neporopiloo [mm]
d 1954 Eoalreprrct 8rducrpoq rou r,otrw8ptrori ruco8l.nuaroc lmml

grs 16 lldXog tou rulwDpmori neprplqgatoq [mm]
cosYl I frovic rAio'nq rou npiotou zepto-roprirou (Yr:00)

cosY2 I fcrlvia rdio'ng rou 8errtepoo neptotopiou (Yz:00)

Xpton Frclrd(og vro rcupoTrrlyq or[ori TEI leppd)v

Apa m)"trco rog-rer fuu< fu

T6)"oq. npfuwr vo unol"oyrotei 11 e).apon1 crn6oroorl peto(ri 66o 6ro6oprcdrv ovorypdtrov 6ror
cilme 6La ru avoiyputo.vu 0ecrlpofwcrr rr4 pepovrrrpfva.
fru 6la ru uvoiyparo xpftwtvo rKovoTroreimr q e[r1g o-uvOqrq

ox6o-rl(8.1-4)

fta qv an6moon uera€u trrrv nepro'toptrrlv rqg o,v0pofio0upi6og (.@360) rar qS napoXnq
uruof ((D168.3)

onol):

Telrrd ezctlsyoupe Prd35,85 mm

fta rqv sn6otoo-n F^ero€6 trrlv neprorotliov tqg nopodq otpof (O168.3) rcCI,r rqE ntrnpoo'qq

Pa 463,3775 H efuipo'sq azca,woriF^e\q on6oroorl azr6 rc€wpo oe rchrupo 615o
6ur6onriov avowu,frrov lmml

diur 158,3 Eorrlreprrcrl 8uiperpog rou zrprbrou fieploropiou [mm]
9rbl 5 naXoS too npdotoo zueprcropirou [mm]
druz 38,3 Eocrlteprrrl 8dperpog tou Serirepoo Trtproropiou [mm]

9rb2 5 IItiXog tou 8eiicpoo neprctopiou [mm]
di, 1954 EorrrteotKfi 8rduerooc roo rulw8orrof nsodl"fiuoroc fmml

96 t6 1161o9 rou rulw8prrcori reprBlrlpatog [mm]
cosYl I frrryin tAio'ng tou ttpdxou neptoropiou (Yt:00)

cosY2 I frrryia rAioqS too 8efrepou Trsproropiou (Y2:00)
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Tel.rrcd ernl"6ryoupe Pr:791,7 mm
fw ttrv oa6mcrorl Fetoqf rrrrv neptoropiov rnq nlfprrro'ng rcu MFnto (048.3) Kor tou
ooguhoarori ((D 60.3)

6nou:

Tehrcti eznl,6ryoupre Pr:845,7 mm

Pe 409,3775 H el"dpocrl sroreoflr.svq an6moorl urc6 rf,wpo oe rfwpo 6rio
6ra6onrciov avotyuf tcrrv [mml

diur 38,3 Eoarreptrcri 8tripetpog tou rcpioroD fieproropiou [mm]
9rb1

5 lldXog rou npri:rou aeprmopiou [mm]
dnz 50,3 Eorrlreptrcrl 8rdperpog rou Serrtepoo firproroprtou [mm]

erb2 5 tfti2gog tou 8eritepou neprcropi.ou [mm]
d;. 1954 Eorrr, eprrrl 8rd,perpoq rou rcu)"rv6prror5 aepr8Murrtoq lmml

9rs t6 tlti26oq too rnrhv8ptrori nepf?tqF{rtog [mm]
cosYl I frrryic t nonq rou zcprirtou neptmopirou (Yr:00)
cosY2 I frrrvio rAio'ng roo 8eiitspou neporopirou (Yz:O')
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NAPAPTHMA I

Xu pclxtrl prcaKf g oror?(sm psrpirg Tro dDTKrKprpfvoD g dfi oD g
propri(aq.
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nplovidr (116 r4v srrrq,rpyooiq yto rropoy(|)yn Xoprovrori.
n^qpogopi€S rurv 6erypdrurv

Opd6o Kcrepyoop€vol0lo

Ynoopddo p6pro oovidog

Y rK6 nproviOr on6 rqv ene(epyooio yu nopoyrrryrl loprovro0
Storm,C-; Spliethoff, H.; Hein,K.R.G.: Generation of a gaseous fuel by gasification or pyrolysis of biomass for use as

Avqgop6: reburn gas in coal-fired boilers. Proceedings sth European Conferenceon lndustrial Furnaces and Boilers, 2000, vol.
1 o.689-699.

nqpqrnpio€rE: uqr1tr11 neprerrr1614ro oe d(oro A6y(l) Tq6 p€Iqvivnq orrlv K6Mo

Uaterial composition

Avd^uoq Kcrrd rrpoofyyloq (wt.o/6)

dry daf ar

T€qpq 1.3 1 .2

t'l€p6 5.3

nrnilKfs ouoirs 77.5 78.5 73.4

Calorific value (kJlkg)

HHV

LHV

HHVMil".

TeArxn cvdluo4 (wL %) frorxsrdrd4g qvdAuo4 (mgrkg sample (dry))

d r y d a f  a r  A l  - N D  F e  - N D  P b  - N D

C 48.9 49.5 46.3 Msr As -  ND Hg -  ND Sb -  ND

H 6.22 6.3 5.9 Msr B - ND K - ND Se - ND

O 38.s 39 36.5 Cal Ba - ND ilg - ND Si - ND

N 5.03 5.1 4.77 Msr Ca -  ND Mn -  ND Sn -  ND

S 0.1 0.1 0.09 Msr Cd -  ND Mo -  ND Sr -  ND

C l  -  N D  C o - N D  N a - N D  T e - N D

F - N D C r - N D N i - N D T i - N D

B r  -  N D  C u - N D  P  - N D  V  - N D

dry daf al

19644 '19903 18603 Total: 100 100 '100

Biochemical composition (urt% dry)

Not Delermined

1 .3

Z n - N D

Iliethod of analysis

Totat Ash + Biochemical

Cellulose

Hemicellulose

Lignin

Lignin acid insoluble (AlL)

Lignin acid solubla (ASL)

Lipids

Protein

Extracuves EtOHft oluene

Extractives 95% EIOH

Extractives hot water

Starch

Pectin

su#cs 0
Arabinan

Xylan

suMc6 0
Mannan

Galactan

Glucan

Rhamnan

Total non-structural carbo-hydrates (TNC) -

Ash composition

Ash production method

Ash composition (wt.% (ash))

CO2 - P2O5 - AlzOr - NazO -

SO3 - SiO, - CaO - K2O -

Cl - FerO3 - MgO - TiOz -

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Glossary

daf dry ash free

ar as received

llsr Measured

Lim detection Limit

Cal Calculated

ND Not Determined

Unk Unknown

AYg Average

Sst van Soest

Sgr Sugar Analysis

Bulk density (k9 arlm3)

ND

Ash composition {mg/kg (ash})

P b - H g

lln

Cr
Gd

Cu
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llprovi6r cn6 PoAcx6 ttlAo
SamPles Information

Group Untreated wood

Subgroup Other soft wood

material wood, sawdust

Tillman,D.A.: Biomass cofiring: The technology, the experience, the combustion consequences; Biomass and
Keterence: 

Bioeneigy 19 (2000) 365-384

Remarks: HHV calculated Btu/lb

Material composition

Proximate analysis (wt %)

dry daf ar

Ultimate analysis (u/L %)

dry daf ar

49.3 49.8 32. ' l  Msr

5.93 6 3.9 Msr

43.3 43.8 28.2 Msr

0.4 0.4 0.26 Msr

0.02 0.02 0.01 Msr
- N D

- N D

- N D

100  100  100

Elemental analysis (mg/kg sample (dry))

A I . N D  F E  - N D  P b  - N D

A s - N D  H g - N D  S b - N D

B  - N D  K  - N D  S E - N D

B a - N D  M g - N D  S i - N D

C a - N D  M N - N D  S N - N D

C d - N D  i l o - N D  S r - N D

C O - N D  N A - N D  T E - N D

C r - N D  N i - N D  T i - N D

C u - N D  P  - N D  V  - N D

Z n - N D

Ash  1 .1  0 .7  C

Water 34.9 H

Volatiles 84.6 85.5 55 O

N

Calorific value (kJ/kg) S

dry daf ar Cl

HHV 19410 19618 12630 F

LHV 18115 18309 10935 Br

HHVsln" 19385 19593 12614 Total :

Biochemical composition (tt t% dry)

Method of analysis

Total Ash + Biochemical

cellulose

Hemicellulose

Lignin

Lignin acid insoluble (AlL)

Lignin acid soluble (ASL)

Lipids

Protein

Extractives EtOHftoluene

Extractives 95% EtCrH

Extractives hot water

Starch

Pectin

sultcS 0
Arabinan

Xylan

surtco 0
Mannan

Galactan

Glucan

Rhamnan

Total non-structural carbo-hydrates (TNC) -

Ash composition

Ash production method

Not Determined

1 1

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

GlGsary

daf dry ash free

ar as re@ived

tsr Measured

Lim detection Limit

Cal Calculated

ND Not Determined

Unk Unknown

AYg Average

Sst van Soest

Sgr Sugar Analysis

ND

Bulk density (kg
arlm3)

Ash composition (wt.% (ash)) Ash composition (mg/kg (ash))

COz - P2Os 2.1 Al2O3 4.1 Na2O 2.3 Pb Hg

SO: 1.9 SiOr 23.7 CaO 40 KzO 9.8 Cd - tln

Cl - FezO3 1.6 MgO 4.8 TiOz 0.4 Cu - Cr



Xpfon Brcpd(oq yro nopoTroTn urpori TEI Xepp6v

Group

Subgroup

Material

lD-number

Reference:

Remarks:

Material composition

Proximate analysis (urt %) Ultimate analysis (wL %)

dry daf ar dry daf ar

Ash 0.3 0.3 C 50 50.1 44.2 Msr

Water 11.4 H 5.92 5.9 5,2 Msr

Vofatiles 86.2 86.5 76.3 O 43.8 43.9 38.7 Cal

N 0.03 0.03 0.03 Msr

Calorific value (kJ/kg) S 0.01 0.01 0.01 Msr

dry daf ar Cl 0.01 0.01 0.009 Lim

HHV 19478 19538 17248 F - ND

LHV 18186 18243 15824 Br -  ND

HHVsnn" 19604 19665 17359 Total: 100 100 100

Biochemical composition {urt% dry)

llethod of analysis Not Determined

Total Ash + Biocnemical 0.3

Cellulose

Hemicellulose

Lignin

Lignin acid insoluble (AlL)

Lignin acid soluble (ASL)

Lipids

Protein

Extractves EtOHnoluene

Extractives 95% EIOH

Extractives hot water

Starch

Pectin

suncS 0
Arabinan

Xylan

su,n c6 0
Mannan

Galactan

Glucan

Rhamnan

Total non-structural carbo-hydrates (TNC) -

Ash composition

Ash production method

ASTM D1102;600 oC

Ash composition (wt.% (ash))

CO2 14.3 P2Os 1.3 Al2O3 3 NazO 1.4

SO3 2.7 SiO2 21 CaO 10.9 K2O 22.4

Cl - Fe2O3 2.9 MgO 4.2 TiOz 0.3

nprovidl pq^qvrdrds
Sample information

untreated wood

oak

timber. acoms. sawdust

803

T. R. Miles, T. R. Miles,Jr, L. Baxter, R. W. Bryers, B. M. Jenkins and L. L. Oden:
Alkali deposits found in biomass power plants. A preliminary investigation of their
extend and nature, NREUTP433-8142,82 p. (1995).

Red Oak Sawdust, Pennsylvania, clean and dry fines, sawdust. Hazen

Elemental analysis (mg/kg sample (dry))

A I . N D  F e  . N D  P b  N D

A s - N D  H g - N D  S b - N D

B  - N D  K  - N D  S e - N D

B a - N D  i l g - N D  S i - N D

C a - N D  M n . N D  S n - N D

C d . N D  M o - N D  S r - N D

C o - N D  N a - N D  T e - N D

C r - N D  N i - N D  T i - N D

C u - N D  P  - N D  V  - N D

Z n - N D

Glossary

daf dry ash free

ar as rec€ived

tsr Measured

Lim detection Limit

Cal Calculated

ND Not Determined

Unk Unknown

Avg Average

Sst van Soest

Sgr Sugar Analysis

Bulk density (kg arrm3)

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Ash composition (mg/kg (ash))

P b - H g

Mn

Cr

cd
Cu
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Group
Subgroup

AXUpo pu(|o0
Sample information

straw (stalk/cob/ear)

Material straw of rice

Reference: http://edvl .vt.tuwien.ac.aVAG_HOFBAJBIOBIB/Biobib.htm (1997)

Remarks:

Material composition

Proximate analysis (wt. %) Ultimate analysis (wt. %)

dry daf ar dry daf ar

Ash 19.1 -  C 38.9 48.1 -  Unk

Wate r  8  H  4 .74  5 .9  -Unk

V o l a t i l e s  -  O  3 5 . 3 4 3 . 6 - C a l

N 1.37 1.69 -  Unk

Calor i f icvalue(kJ/kg) S 0.11 0.14 -  Unk

dry daf ar Cl 0.47 0.581 - Unk

H H V  1 5 9 5 4 1 9 7 1 8 -  F  - N D

LHV 14920 1U4O - gr - ND

HHVM|T* 1490/. 18r''21 - Total: 100 100 0

Biochemical composltion (wt% dryl

Method of analysis Not Determined

TotF,l Ash + Biochsrrical 19.1

Cellulose

Hemicellulose

Lignin

Lignin acid insoluble (AlL)

Lignin acid soluble (ASL)

Lipids

Protein

Extractives EtoHttoluene

Extractives 95% EIOH

Extractives hot water

Starch

Pectin

sutt c5 0
Arabinan

Xylan

sulr c6 0
Mannan

Galactan

Glucan

Rhamnan

Total non-structural carbo-hydrates (TNC)

Ash production method

laboratory

Ash composition (wt.% (ash))

GOz - P2O5 1.4 Al2O3 1.4 Na2O 0.4

SO3 0.7 SiO2 73 CaO 1.9 lQO 13.5

Cl - Fe2O3 0.6 MgO 1.8 TiOz

Elemental analysis (mg/kg sample (dry))

A l - N D F e - N D P b - N D

A s - N D H g - N D S b - N D

B - N D K - N D S e - N D

B a - N D M g - N D S i - N D

C a - N D t n - N D S n - N D

C d - N D  i l o - N D  S r - N D

C o - N D N a . N D T e - N D

C r - N D N i - N D T i - N D

C u - N D P - N D V - N D

Z n - N D

Glossary

daf dry ash free

ar as received

Msr Measurcd

Lim detection Limit

Cal Calcrrlated

ND Not Determined

Unk Unknown

AYg Average

Sst van Soest

Sgr SugarAnalysis

ND

N D

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Ash composition

Ash composition (mg/kg (ash))

P b - H g

C d - t n

C u - C r

Bulk density (kg arrm3)
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Opu<ogAor6g
Sample information

Group husUshelupit
Subgroup rice
l,laterial rice husk

Reference: S. Gaur and T.B. Reedi An Atlas ofThemal Data For Biomass and Other Fuels. NREUTP-433-7965, June 1995

Remarks:

Material composltion

Proximate analysis (wt. %) Uaimate analysis (wt %) Elemental analysis (mg/kg sample (dry))

dry daf ar dry daf ar A I  - N D  F e  - N D  P b  - N D

Ash 15.8 - C 38.9 46.2 - Msr As - ND Hg - ND Sb - ND

W a t e r  -  H  5 . 1  6 . 1  -  M s r  B  - N D  K  - N D  S e - N D

volatiles 69.3 82.3 - O 37.9 45 - Cal Ba - ND l||g - ND Si ND

N 217 2,58 - Msr Ga - ND tn - ND Sn - ND

Calorificvaluc(kJ/kg) S 0.12 0.'14 - Msr Cd - ND to - ND Sr - ND

d r y  d a t  a r  c l  -  N D  C o - N D  N a - N D  T e - N D

HHV 15670 18610 -  F -  ND Cr -  ND Ni  -  ND Ti  -  ND

L H V  1 4 5 5 7 1 7 2 8 9 -  B r  -  N D  C u - N D  P  - N D  V  - N D

HHVan6 15011 17828 - Totaf: 100 100 O Zn - ND

Biochemical composition (wt% dry)

Method of analysis Not Determined

To'',l Ash + Biochgrrical 15.8

Cellulose

Hemicellulose

Lignin

Lignin acid insoluble (AlL)

Lignin acid soluble (ASL)

Lipids

Protein

E{ractives EtOH/toluene

Extractives 95o/o EIOH

Extractives hot water

Starch

Pectin

suilc' 0
Arabinan

Xylan

suMc6 0

Mannan

Galactan

Glucan

Rhamnan

Total non-structural carbo-hydrates (TNC) -

Ash composifon

Ash production method Bulk density (kg arlm3)

Ash composition (wt.% (ash)) Ash composition (mg/kg (ash))

C O 2 -  P 2 O 5  - A l 2 O 3 - N a 2 O -  P b  -  H g

SO3- SiO2 - CaO - KzO - Cd - lt|n

C l  - F e z O : - M g O - T i O z -  G u  -  C r

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Glossary

daf dry ash free

ar as received

msr Measured

Lim detectbn Limit

Cal Calculated

ND Not Determined

Unk Unknown

Avg Average

Sst van Soest

Sgr SugarAnalysis

ND
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Group straw(stalUcob/ear)

Subgroup rice

Material straw of rice, hydration with pluvial water

Reference: 
i;illrrr"rAit 

R. R, Bakker and J. B. Wei: On the properties of washed straw. Biomass and Bioenergy 10 (4) pp. 177-

Remarks: 65 mm cumulative precipitation

Material composition

Proximate analysis (wt. %) Uttimate analysis (wt %)
dry daf ar

Ash 17.8

Water

Volatiles

Calorific value (kJ/kg)

dry daf ar

HHV 1s820 19255 -

LHV 14696 17887 -

HHVurne 15594 18980 -

dry daf ar

C 39.5 48.1 -  Msr

H 5.15 6.3 -  Msr

O 36.7 44.7 - Cal

N 0.6 0.73 -  Msr

S 0.06 0.07 -  Msr

Cl 0.06 0.073 - Msr

F  -  -  . N D

B T - N D

Total :  100 100 0

Elemental analysis (mg/kg sample (dry))

A l  - N D  F e  - N D  P b  - N D

A s - N D  H g - N D  S b  N D

B  - N D  K  - N D  S e - N D

B a - N D  l i l g - N D  S i  - N D

C a - N D  i l n - N D  S n - N D

C d - N D  i l o - N D  S r - N D

C o . N D  N a - N D  T e - N D

C r - N D  N i - N D  T i - N D

C u - N D  P . N D  V . N D

Z n - N D

Biochemical composition (vrt% dry)

Method of analysis

Total Ash + Biochemical

Cel lu lose

Hemicellulose

Lignin

Lignin acid insoluble (AlL)

Lignin acid soluble (ASL)

Lipids

Protein

Extractives EtOHftoluene

Extractives 95% EIOH

Extmctives hot water

Starch

Pectin

sunrcs 0
Arabinan

Xylan

suMc6 0
Mannan

Galactan

Glucan

Rhamnan

Total non-structural carbo-hydrates (TNC) -

Ash composition

Ash production method

2 h at 575 degc

Ash composition (wt.% (ash))

coz - P2os 0.6 Al2o3 0.8 Na2O 0.2

SOr 0.4 SiOz 91.6 CaO 2.1 K2O 2.2

Cl -  FezO:0.5 MgO 1.3 TiO2 0

Ash composition (mg/kg (ash))

P b - H g

Not Determined

17 .8

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Glossary

daf dry ash free

ar as received

llsr Measured

Lim detection Limit

Cal Calculated

l'lD Not Determined

Unk Unknown

Avg Average

Sst van Soest

Sgr Sugar Analysis

ND

Bulk density (kg arlm3)

Mn
Cr

cd
Cu
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AluPo Pu(ro6, evu6<rr6Pfvo
SamPle information

Group straw(stalucob/ear)

Subgroup rice

Material sraw of rice, hydrated

B. M. Jenkins, R. R. Bakker and J. B. Wei: On the properties of washed straw. Biomass and Bioenergy 10 (4) pp. 177-200
xererence: (1996).

Remarks:

Material composition

Proximate analysis (wt. %) Ultimate analytis (wt. %)

dry daf ar dry daf ar

Ash 17.1 2.1 C 40.1 48.3 4.8 Msr

Water 88 H 5.2 6.3 0.6 Msr

Vofat i fes-  -  -  O 37 44.7 4.4 Cal

N 0.48 0.58 0.06 Msr

Calorific value (kJ/kg) S 0.06 0.07 0.01 Msr

dry daf ar Cl 0.06 0.072 0.007 Msr

HHV 15850  19119  1902  F  -  ND

LHV 14715 17751 -383 Br - ND

HHVMirn. 15820 19083 1898 Total: 100 100 100

Biochemical composition (wt.% dry)

Elemental analysis (mg/kg sample (dry))

A t . N D  F C  - N D  P b  - N D

A s - N D  H g - N D  s b - N D

B  - N D  K  - N D  S e - N D

B a - N D  M g - N D  s i - N D

C a - N D  l l n - N D  S n - N D

c d - N D  i l o - N D  s r - N D

C o - N D  N a - N D  T e - N D

C r - N D N i - N D T i - N D

C u - N D  P  - N D  V  - N D

Z n - N D

Glossary

daf dry ash fre€

ar as received

tsr Measured

Lim detection Limit

Cal Calculated

ND Not Determined

Unk Unknown

AYg Average

Sst van Soest

Sgr Sugar Analysis

Bulk density (kg arlm3)

Method of analysis

Total Ash + Biochemical

Cellulose

Hemicellulose

Lignin

Lignin acid insoluble (AlL)

Lignin acid soluble (ASL)

Lipids

Prctein

Extractives EtOHftoluene

Ext6ctives 95% EtCtH

Extractives hot water

Starch

Pectin

sutt c5
Arabinan

Xylan

sulr c6
Mannan

Galactan

Glucan

Rhamnan

Total non-structural carbo-hydrates (TNC) -

Ash composition

Ash production method

2 h at 575 degc

Ash composition (wt.% (ash))

COz - P:Os 0.4 AlzOs 1 NazO 0.2

SO: 0.3 SiOz 93.'l CaO 2.1 K2O 2

Cl - Fe2O3 0.5 MgO 0.9 TiOz 0.1

Not Determined

17 .1

Ash composition (mg/kg (ash))

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND

Pb
cd
Cu

Hg
itn
Cr
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Sample information

Group straw(stalUcob/ear)

Subgroup rice

Material not processed rice

B. M. Jenkins, R. R. Bakker and J. B. Wei: On the properties of washed straw. Biomass and Bioenergy 10 (4) pp. 177
Kererence: 

2oo (1996).

Remarks: imperial valley source

Material composition

Proximate analysis (u,t %) Ultimate analysis (wL %) Elemental analysis (mg/kg sample (dry))

dry daf ar dry daf ar A I -  N D F C .  N D P b . N D

M s r  A s -  N D  H g -  N D  S b - N D

Msr B - ND K 17500 Msr Se - ND

Cal Ba - ND ttg 2100 Msr Si - ND

Msr Ca 2100 Msr Mn -  ND Sn -  ND

M s r  C d -  N D  M o -  N D  S r - N D

Msr Co - ND Na 2600 Msr Te - ND

N D  C r -  N D  N i  -  N D  T i  - N D

N D  C u -  N D  P  2 2 O O  M s r  V  - N D

Z n - N D

Biochemical composition (i,t t% dry)

Ash 18.6 -  C 38 46.6 -

W a t e r  -  H  4 . 8 5 . 9

Volatiles - O 37.3 45.8 -

N 0.52 0.64 -

Calorific value (kJ/kg) S 0.09 0.11

dry daf ar Gl 0.74 0.909 -

HHV 15250 18742 - F

LHV 14203 17454 - Br

HHVMil". 14526 17852 - Total: 100 100 0

Method of analysis

Total Ash + Biochemical

Cellulose

Hemicellulose

Lignin

Lignin acid insoluble (AlL)

Lignin acid soluble (ASL)

Lipids

Protein

Extractives EtOHftol uene

Extractives 95% EKIH

Extracuves hot water

Starch

Pectin

sult c5 0
Arabinan

Xylan

sult c6 0
Mannan

Galactan

Glucan

Rhamnan

Total non-structural carbo-hydrates (TNc) -

A,sh composition

Ash production method

2 h at 575 degc

Ash composiuon (utL% (ash))

COz - PzOs 2.7 AlzOr 1.4 Na2O 1 9

SOg 0.8 SiOz 74.3 CaO 1.6 K2O 11.3

Cf -  FezOso.T MgO 1.9 TiOr 0

Ash composiuon (mgrkg (ash))

P b - H g

C d - M n

G u - C r

Not Determined

18.6

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Glossary

daf dry ash free

ar as received

tsr Measured

Lim detection Limit

Cal Calculated

ND Not Determined

Unk Unknown

AYg Average

Sst van Soest

Sgr Sugar Analysis

ND

9 lOrctio9pmq 2006
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Group
Subgroup
Material

Reference:
Remarks:

Material composition

Proximate analysis (wt. %) Ultimate analysis (wt. %)
dry daf ar dry daf ar

Ash 5.1 4.7 C 46.A 49.3 44 Msr
Water 6.1 H 5.74 6 5.4 Msr

Vofatifes 80.9 85.2 76 O 41 4 43.6 38.9 Cat

N 0.66 0.7 0.62 Msr
Calorific yalue (kJ/kg) S 0.11 0.11 0.1 Msr

dry daf ar Cl 0.266 0.28 0.2S Msr
HHV 18101 19065 17004 F -  ND
LHV 16849 17746 15680 Br - ND

HHVsla 1A442 19424 17324 lotati 1OO 100 100

Biochemical compositon (wL% dry)

Apqp6otrog
Sample information

straw (stalklcob/ear)

ma|ze/@m

maize

http://rredc.nrel.gov:8o/biomass/doe/nrel/comp/alki/appendix.html (1998).

Method of analysis

Total Ash + Biochemical

Cellulose

Hemicellulose

Lignin

Lignin acid insotubte (AtL)

Lignin acid solubte (ASL)

Lipids

Protein

Extractives EK)Hftoluene

Extractives 95% EIOH

Extractives hot water

Starch

Pectin

surtcs 0
Arabinan

Xylan

suMc6 0
Mannan

Galactan

Glucan

Rhamnan

Total non'structural carbo-hydrates (TNC) -

Ash composiuon

Ash production method

Ash composition (wt.% (ash))

co2 - P2o5 8.7 Al2O3 2 Na2O 0.2

SOr - SiOz 54 GaO 8.7 K2O 20.7

Cl - Fe2O3 - MSO 6.1 TiO2 -

Not Determined

5 .1

Ash composition (mg/kg (ash))

P b - H g

Elemental analysis (mg/kg sampte (dry))

A l  - N D  F e  - N D  P b  - N D

A s - N D  H g - N D  S b - N D

B  - N D  K  - N D  S e - N D

B a - N D  M g  N D  S i - N D

C a . N D  i l n . N D  S n . N D
C d - N D  l t o - N D  S r - N D
C o - N D  N a - N D  T e - N D

C r - N D  N i - N D  T i - N D

C U . N D  P  - N D  V  - N D

Z n - N D

Glossary

daf dry ash free

ar as received

tsr Measured

Lim detection Limit

Cal Calculated

ND Not Determined

Unk Unknown

Avg Average

Sst van Soest

Sgr Sugar Analysis

Bulk density (kg arlm3)

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

N D

Mn
Cr

cd
Cu
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nup{vqs po6dxrvurv
Sample information

Material composition

Proximate analysis (wt. %) Ultimate analysis (wt. %) Elemental analysis (mg/kg sample (dry))

Group

Subgroup

Material

Reference:

Remarks:

dry daf ar

A s h l - C

Water 15 H

Vofatiles 79.1 79.9 - O

N

Calorific value (kJ/kg) S

dry daf ar Cl

HHV 20820 21037 - F

LHV 19533 19736 - Br

husUshell/Dit

Others

core of peaches

O. Kitani and C. W. Hall: Biomass Handbook, Gordon and Breach science publishers, New
York (1989).

dry daf ar A l - N D F e - N D P b - N D

5 3 5 3 . 6 - M s r  A s - N D  H g - N D  S b - N D

5 . 9  6  - M s r  B  -  N D  K  -  N D  S e  -  N D

39.1 39.5 -  Msr Ba -  ND Mg -  ND Si  -  ND

0.32 0.32 - Msr Ca - ND iln - ND Sn - ND

0.05 0,05 - Msr Cd - ND ilo - ND Sr - ND
- N D C o - N D N a - N D T e - N D

- N D C r - N D N i - N D T i - N D

- N D G U - N D P - N D V - N D

HHVurn. 21125 21345 - Total: 99.4 99.4 0

Biochemical composition (wt% dry)

Method of analysis Not Determined

To''t Ash + Biochemicat 1

Cellulose

Hemicellulose

Lignin

Lignin acid insoluble (AlL)

Lignin acid soluble (ASL)

Lipids

Protein

Extractives EtOHftol uene

Extractives 95% EIOH

Extractives hot water

Starch

Pectin

suttc5 0
Arabinan

Xylan

sultc6 0
Mannan

Galactan

Glucan

Rhamnan

Total non-structural carbo-hydrates {TNC)

Ash production method

C O 2 -  P 2 O 5  - A l z O g - N a r O -  P b

SOs- SiOz -  CaO -  K2O -  Cd

Cl - Fe2O3 - lrgo - TiO, - Cu

Hg
Mn
Cr

Z n - N D

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Glossary

daf dry ash ftee

ar as received

Msr Measured

Lim detection Limit

Cal Calculated

ND Not Determined

Unk Unknown

Avg Average

Sst van Soest

Sgr SugarAnalysis

ND

Ash composition

Bulk density (kg arlm3)

Ash composition (!vt% (ash)) Ash composition (mgftg (ash))
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Sample information

Group organicresidue/product

Subgroup Bagasse

Material bagasse of sugars cane

lD-number 1900

Miles,T.R.,Jr.; Miles,T.R.: Alkali deposits found in biomass power plants: A preliminary investigation of their extent and
Kererence: nature. summary report NREUTZ-I -112%-1

Remarks:

Material composition

Proximate analysis (wt. %) ultimate analysis (wt. %)

dry daf ar dry daf ar

Ash 1.7 1.5 C 49 49.8 44 Msr

Water 10.3 H 5.87 6 5.3 Msr

Vofatifes 85.4 86.9 76.6 O 43.3 44 38.8 Cal

N 0.1 0.1 0.09 Msr

Calorific value (kJrkg) S 0.06 0.06 0.05 Msr

dry daf ar Cl 0-02 0.02 0.018 Msr

HHV 19141 19468 17171 F - ND

LHV 17860 18'165 15771 Br - ND

HHVmr* 19244 19572 17263 Total: 100 100 100

Biochemical composition (wt.% dry)

Elemental analysis (mg/kg sample (clry))

A l  - N D  F e  - N D  P b  - N D

A s - N D  H g - N D  S b - N D

B  - N D  K . N D  S C - N D

B a - N D  M g - N D  S i - N D

c a - N D  i l n - N D  S n - N D

C d - N D  M o - N D  S T - N D

C o - N D  N a - N D  T e - N D

C r - N D  N i - N D  T i - N D

C u - N D  P  - N D  V  - N D

Z n - N D

Glossary

daf dry ash free

ar as received

llsr Measured

Lim detection Limit

Cal Calculated

ND Not Determined

Unk Unknown

Avg Average

Sst van Soest

Sgr Sugar Analysis

Bulk density (kg arlm3)

Ash composition (mg/kg (ash))

Hg
Mn
Cr

Method of analysis

Tola,l Ash + Biochel'',ical

Cellulose

Hemicellulose

Lignin

Lignin acid insoluble (AlL)

Lignin acid soluble (ASL)

Lipids

Protein

Extractives EK)Hnoluene

Extractives 95% EIOH

Extractives hot water

Starch

Pectin

suncs 0
Arabinan

Xylan

surt c6 0
Mannan

Galactan

Glucan

Rhamnan

Total non-structural carbo-hydrates (TNC) -

Ash composition

Ash production method

Ash composition (wt.% (ash))

COz - PzOs 5 AlzOr 11.4 Na2O 2.5

SOg 5.1 SiOz 46.9 CaO 5.3 KzO 9.8

Cl - Fe2O3 8 MgO 5.8 TiOz 1.4

Not Determined

1 . 7

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Pb
cd
Cu



Group
Subgroup
Material

Reference:
Remarks:

Iutqcp6tarlo

Sample information

grass/plant

other plants

sugar beet

http://edvl .vt.tuwien.ac.aUAG-HOFBAJBIOBIB/Biobib. htm (1 997)

- - N D C r - N D N i - N D T i - N D

- - N D C u - N D P - N D V - N D

Z n - N D

HHV 17700 18592 -  F

LHV 16600 17437 - Br

HHVmr* 17559 18445 - Total: 100 100 0

Biochemical composition (wt.% dry)

Method of analysis

Total Ash + Biochemical

Cellulose

Hemicellulose

Lignin

Lignin acid insoluble (AlL)

Lignin acid soluble (ASL)

Lipids

Protein

Extractives EtOHft oluene

Extractives 95% EIOH

Extractives hot water

Starch

Pectin

SUM C5

Arabinan

Xylan

SUM C6

Mannan

Galactan

Glucan

Rhamnan

Total non-structural carbo-hydrates (TNC)

Ash production method

industrial

Malerial comqosition

Proximate analysis (wt. %) uhimate analysis (wt. %) Elemental analysis (mg/kg sample (dry))

dry dal ar dry daf ar A l - N D F e - N D P b - N D

Ash 4.8 - C 44.5 46.7 - Unk As - ND Hg - ND Sb - ND

Wate r  -  H  5 .9  6 .2  -Unk  B  -  ND  K  -  ND  Se  -  ND

Volatifes - O 42.8 44.9 - Cal Ba - ND Mg - ND Si - ND

N 1.84 1.93 -  Unk Ca -  ND Mn -  ND Sn -  ND

calorific value (kJ/kg) s 0.1 3 0.14 - unk cd - ND to - ND sr - ND

dry daf ar Cl 0.053 0.056 - Unk Co - ND Na - ND Te - ND

Not Determined

4.8

o

Glossary

daf dry ash free

ar as received

Msr Measured

Lim deteclion Limit

Cal Calculated

ND Not Determined

Unk Unknown

Avg Average

Sst van Soest

Sgr Sugar Analysis

ND

ND

N D

ND

ND

ND

ND

ND

ND

ND

ND

ND

a

N D

Ash composition

Bulk density (kg arlm3)

Ash composition (wt% (ash)) ' Ash composition (mg/kg (ash))

COz - PzOs 5.2 AluOr 2.5 Na2O 3.1 Pb - Hg

sog - sioz 21.7 cao 37 Kzo 8.4 cd - lln

Cf - FezOr 1.3 MgO 13 TiO2 - Cu 124 Cr 58



Xoriol Frclrd(ag Tto ro,poTrrlTrl orpor5 TEI leooipv

Yrolerppcra eluitv, ar6 rqv ncpcloyrl elarola8o;
Sample information

Group husvshell/pit

Subgroup olive

Material remains of olives, ftom the production of olive orl
lD-number 1764

pararonna. S.Arvelakis, C.Sotiriou, A.Moutsalsou and E.G.Koukios: Predic{ion of the behaviour of biomass ash in fluidized bed
combustors and gasifiers. Journal of Thermal Analysis and Calorimetry 56 (3) pp 1271-1278 ('tggg).

Fl.mrrkc. Cl and O-content from S.Arvelakis et.al. Proc. 5th Eur. Conf. on Industrial Furnaces and Boile|s, Vol.2, p.163-172. See
also lD 1968, 1969 and 1970. Slightly difierent ash composition reported in Biomass and Bioenergy 22 (2002) 55-69.

Material composition

Proximate analysis (rvt- %) Ultimate analysis (r rt %)

dry daf ar dry daf at
Ash 4.6 4.3 C 50.7 53.1 47.9 Msr

Water 5.5 H 5.89 6.2 5.6 Msr

Volatiles 72 75.5 68 O 37 38.8 35 Msr

N 1.36 1.43 1.29 Msr

Calorific value (kJ/kg) S 0.3 0.31 0.28 Msr

dry daf  ar  Cl  0.18 0.189 0.17 Msr
HHV 21220 22243 20053 F -

LHV 19935 20896 18704 Br

HHVurne 20423 21408 19300 Total: 100.1 100.1 100 Z n - N D

Biochemical composiuon (wt % dry)

- N D

- N D

Elemental analysis (mgrkg sample (dry))

A l  - N D  F e  - N D  P b  - N D

A s - N D  H g - N D  S b - N D

B  - N D  K  - N D  S e - N D

B a - N D  f S - N D  S i - N D

C a - N D  t n - N D  S n - N D

C d - N D  M o - N D  S r - N D

C o - N D  N a - N D  T e - N D

C r - N D  N i - N D  T i - N D

C u - N D P - N D V - N D

Glossary

daf dry ash free

ar as feceived

llsr Measured

Lim detec{ion Limit

Cal Calculated

ND Not Determined

Unk Unknown

Avg Average

Sst van Soest

Sgr Sugar Analysis

Method of analysis

Total Ash + Biochemical

Not Determined

4 .6

Cel lu lose

Hemicellulose

Lignin

Lignin acid insoluble (AlL)

Lignin acid soluble (ASLI

Lipids

Protein

Extractives EtOH/toluene

Extractives 95% EtOH

Extractives hot water

Starch

Pectin

SUM C5

Arabinan

Xylan

sulr c6
Mannan

Galactan

Glucan

Rhamnan

Total non-structural carbo-hydrates (TNC) - ND

Ash composition

Ash production method Butk density (kg arlm3)
550degC

Ash composition (wL% (ash)) Ash composition (mg/kg (ash))
coz - Pzos - Al2o3 6 Na2o 8.9 Pb - Hg

SO3 5 SiO2 32.6 CaO 21.3 K2O 15.1 Cd - iln
Cl 1.4 FezOr - MgO 7.9 TiO2 - Cu - Cr

N D

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND



-

EArd
Sample information

Group husUshelllpit

Subgroup olive
Material olive

Reference: http://edv1 .vt.tuwien.ac.auAc_HoFBA/BroBrB/Biobib.htm (1997).
Remarks:

Material composition

Proximate anarysis (\ L %) urtimate anarysis (wt. %) Erementar anatysis (mg/kg sampre (dry))
dry daf ar dry daf ar A l  - N D  F e  - N D  p b  - N D

Ash 1.5 _ c 37.8 38.4 - Unk As _ ND Hg _ ND sb - ND
Water -  H 6.236.3 -  Unk B _ ND K -  ND Se _ ND

volatiles - o 53.6 54.4 _ Cat Ba - ND Mg _ ND si - ND
N 0.7 ' l  0.72 -  unk Ca -  ND Mn _ ND Sn _ ND

Calorific yatue (kJrkg) S 0.03 0.03 - Unk Cd _ ND to - ND Sr _ ND
dry daf ar Cl 0.07 0.071 _ Unk Co _ ND Na _ ND Te _ ND

HHV 21926 22267 - F _ ND Cr _ ND Ni _ ND Ti _ ND
L H V  2 0 5 6 7 2 0 8 s 6 -  B r  -  N D  C u _ N D  p  - N D  V  _ N D

HHVMiI* 14593 14820 _ Totaf: 100 100 o 2n _ ND

Biochemical composition (m% dry)
Method of analysis

fo/al Ash + Biochemicat
Not Determined
1 1

Cellulose _ ND
Hemicellulose - ND

Lignin _ ND
Lignin acid insotuble (AtL) _ ND
Lignin acid sotubte (ASL) - ND

Lipids _ ND
prctein _ ND

Extractives EtoH/toluene _ ND
Extractives 95% EIOH _ ND
Extractiyes hotwater _ ND

Starch - ND
Pectin _ ND

suttc5 0
Arabinan

Xytan
sulrco o
Mannan

Galactan

Glucan

Rhamnan
Total non-structural carbo-hydrates (TNC) - ND

Ash composition

Ash production method

laboratory

Ash composition (wt.% (ash))
COz - PzOs 2.7 At2O3 s.3 NarO 29.9
SO3 2.4 SlOz 23.1 CaO 10.9 K2O 5.2
Cl - FezO3 5.1 MgO 3 TiO2 0.1

Glossary

daf dry ash free

ar as received

tsr Measured

Lim detection Limit
Cal Calculated

ND Not Determined

Unk Unknown

Avg Average

Sst van Soest

Sgr SugarAnalysis

Bulk density (kg
arlm3)

Ash composition (mg/kg (ash))
P b - H g

iln

Cr

cd
Cu
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Group

SubgrouP

Material

lD-number

ReSerence:

Remarks:
Material composifion

Proximate analysis (wt. %) Ultimate analysis (wt. %)

dry dat ar dry daf ar

Ash 13.3 12.7 C 4O.7 46.9 38.8 Msr

Water 4.6 H 5.73 6.6 5.5 Msr

Volatiles 76.2 87.9 72.7 O 41 47.2 39.1 Msr

N 0.59 0.68 0.56 Msr

Calorific value (kJ/kg) S 0.07 0.08 0.07 Msr

dry daf ar Cl 0.03 0.035 0.029 Msr

H H V - F - N D

L H V - B r - N D

HHVsnn" 16291 '18790 15541 Total :  101.4 101.6 101.3

Biochemical composition (wL% dry)

Method of analysis

Total Ash + Biochemical

Cellulose

Hemicellulose

Lignin

Lignin acid insoluble (AlL)

Lignin acid soluble (ASL)

Lipids

Protein

Extractives EtOHnoluene

Extractives 95% EtOH

Extractives hot water

Starch

PecUn

SUN C5

Arabinan

Xylan

sulr c6
Mannan
Galactan

Glucan

Rhamnan

Total non-structural carbo-hydrates (TNC) -

Ash composition

Ash production method

KAoo€porc eArdrv
Sample information

untreated wood

other hard wood

loppings of olives

2294

F. Suarez-Garcia, A. Martinez-Alonso, M. Femandez Llorenle, J.M.D. Tarascon
Inorganic matter characterization an vegetable biomass feedstoc*s. Fuel 81
(2002) 1 161-1 169.

Elemental analysis {mg/kg sample
(dryl)

1 000 Msr

ND

Msr

Msr

Msr

ND

Msr

ND

Msr

Msr

ND

ND

Msr

Msr

ND

ND

ND

ND

AI

AS

B

Ba

Ca

cd

Co

Cr

Cu

1 1

1 1 0 0 0

Fe 1300

H g -

K 3000

Mg 8s0

iln 26

llo -

Na 72

Ni -

P 650

P b .  N D

S b -  N D

S e -  N D

Si 36000 Msr

S n -  N D

Sr 31 Msr

T e -  N D

Ti 37 Msr

Not Determined

13.3

Ash composition (mg/kg (ash))

P b - H g

cd - irn

C u - C r

Glossary

daf dry ash free

ar as received

llsr Measured

Lim detection Limit

Cal Calculated

ND Not Determined

Unk Unknown

Avg Average

Sst van Soest

Sgr Sugar Analysis

v -

Zn  15

Bulk density (kg arlm3)

N D

Msr

N D

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Ash composition (wt.% (ash))

CO2 - P2Os 1.1 Al2O3 t.4 Na2O 0.1

SO3 - SiOz 57 CaO 12 K2O 2-7

Cl - FezOr 1.4 MgO 1.1 TiO2 0
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Group

Subgroup

Material

Reference:

Remarks:

,taterial composifon

Proximate analysis (wt %) Ultimate analysis (wt %)

dry daf ar dry daf ar

Ash 2.4 2.2 C 54 55.4 49.8 Msr

Water 7.8 H 5.8 5.9 5.3 Msr

Vofatifes 78.3 80.3 72.2 O 35.5 36.4 32-7 Cal

N 1-9 1.95 1.75 Msr

Calorific value (kJ/kg) S 0.3 0.31 0.28 Msr

dry daf ar Cl 0.04 0.041 0.037 Msr

HHV 20790 21308 19162 F - ND

LHV 19524 20011 17804 Br - ND

HHVplls 21597 22135 19906 Total: 100 100 100

Biochemical composiuon (wt.% dry)

Yn6lerppctu eltrirv, rot 8nlt(erat
sample information

husk/shell/oit

olive

remains of olives, that distills

Arvelakis,S.; Gehrmann,H.;Beckman,M.; Koukios,E.G.. Effect of leaching on the ash behaviour
ofolive residue during fluidised bed gasification. Proc. 5th Eur. Conf. on Industrial
Furnaces&Boilers 2OOO,vol.2,p.1 63-172.

Ash composition from Arvelakis et al., Biomass and Bioenergy 22 (2002) 55-69.

Method of analysis

Total Ash + Biochemical

Cellulose

Hemicellulose

Lignin

Lignin acid insoluble (AlL)

Lignin acid soluble (ASL)

Lipids

Protein

Extractives EtOHftoluene

Extractives 95% EK)H

Extractives hot water

Starch

Pectin

suUcs 0
Arabinan

Xylan

sult c6 0
Mannan

Galactan

Glucan

Rhamnan

Total non-structural carbo-hydrates {TNC) -

Ash composition

Ash production method

Ash composition (wL% (ash))

COz - PzOs - AlzOs 0.6 Na2O 0.1

SOr 3.3 SiOz 43.6 CaO 23.4 K2O 4.9

Cf 0 FezOt 2.4 t gO 1.1 TiO2 0.1

Not Determined

2.4

Ash composition (mg/kg (ash))

Pb Hg

Elemental analysis (mg/kg sample (dry))

A l  - N D  F e  - N D  P b  - N D

A s - N D  H g - N D  S b - N D

B  - N D  K  - N D  S e - N D

B a - N D  i l g - N D  S i  - N D

C a - N D  M n - N D  S n - N D

C d - N D  M o - N D  S r - N D

C o - N D  N a . N D  T E . N D

C r - N D  N i - N D  T i - N D

C u - N D  P  - N D  V  - N D

Z n - N D

Glossary

daf dryash free

ar as re@ived

Msr Measured

Lim detection Limit

Cal Calculated

ND Not Determined

Unk Unknown

Avg Average

Sst van Soest

Sgr Sugar Analysis

Bulk density (kg arlm3)

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

NO

ND

ND

Mn
Cr

cd
Cu
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Xprion Brop6(ag na ruapovoryf atlrof TEI lepprilv

lluprlveq e),rrilv, prpog > I mm, not 6ru),i{owar
Sample information

Group husk/shell/pit

Subgroup olive

lllateilal cores of olives, part > 1mm, that distills

lD-number 1970

Reference: Koukios,E.G ; Arvelakis,S.; Georgali,B.: Physico-chemical upgrading of agroresidues as solid biofuels; Proc. 4th
biomass conferenc€ of the Americas, p.299-304

Remarks: ash does not sinter between 750"C and 900"C

Material composftion

Proximate analysis (wt. %) Ultimate analysis (wL %)

dry daf ai dry daf ar

Ash 1.5 1.4 C 54.1 54-9 49.1 Msr

Water 9.3 H 5.98 6.1 5.4 Msr

Vofatiles 80.8 82j 73.3 O 37.1 37.7 33.6 Cal

N  1 . 1  1 . 1 2  1  M s r

Calorific yalue (kJrkg) S o.22 o.22 o.2 Msl

dry daf ar Cl - Msr

HHV 21210 21540 19231 F - ND

LHV 19905 20214 17820 Br - ND

HHVan66 2176222100 19731 Total: 100 100 100

Biochemical composition (wt.% dry)

Elemental analysis (mg/kg sample (dry))

A I  - N D  F e  - N D  P b  - N D

A s - N D  H g - N D  S b - N D

B  - N D  K . N D  S e . N D

B a - N D  M g - N D  S i - N D

C a - N D  M n - N D  S n - N D

C d - N D  t o - N D  S r - N D

C o - N D  N a - N D  T e - N D

C r - N D N i . N D T i - N D

C u - N D  P  - N D  V  - N D

Z n - N D

Method of analysis

Total Ash + Biochemical

Cellulose

Hemicellulose

Lignin

Lignin acid insoluble (AlL)

Lignin acid soluble (ASL)

Lipids

Protein

Extracuves EtoHnoluene

Extractives 95% EIOH

Extractives hot water

Starch

Pectin

sultc5 0
Arabinan

Xylan

suMc6 0
Mannan

Galactan

Glucan

Rhamnan

Total non-structural carbo-hydrates (TNC) -

Ash composition

Ash production method

Ash composition (wt.% (ash))

GOz - PzOs - Al2O3 3.7 Na2O 1.4

SOs 0.2 SiOz 22.7 CaO 22.9 K2O 5.9

Cl - FqO: - MgO 2.5 TiO2 -

Not Determined
1 F

cd
Cu

Glossary

daf dry ash ftee

ar as received

tst Measured

Lim detection Limit

Cal Calculated

ND Not Determined

Unk Unknown

AYg Average

Sst van Soest

Sgr Sugar Analysis

ND

N D

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

E

E

E

Bulk density (kg arlm3)

Ash composition (mg/kg (ash))

P b - H g

iln

Cr
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Group

Subgroup

Material

lD-number

Reference:

Remarks:

nup{vsg €/\rrirv, F€poS > 1mm

Sample information

husldshell/oit

olive

cores of olives. oart > 1mm

1 969

Koukios,E.G.; Arvelakis,S.; Georgali,B.: Physico-chemical upgrading of agroresidues as solid biofuels; Proc. 4th
biomass conference of the Americas. o.299-304

Cl calculated from ash (assuming Cl in biomass/Cl in ash = 3, like lD 1764); ash sintering starts at 750'C, fully fused at
900"c

Materiat composifon

Proximate analysis (uA %) Ultimate analysis (wL %)

dry daf ar dry daf ar

Ash 2.6 2.4 C 51.3 52.7 46.8 Msr

Water 8.8 H 5.82 6 5.3 Msr

Vofatiles 77.9 80 71.1 O 39 40 35.5 Cal

N 1 1.03 0.91 Msr

Calorific value (kJ/kg) S 0.28 0.29 0.26 Msr

dry daf  ar  Cl  0.11 0.113 0.1 Cal

HHV 19840 20365 18102 F -

LHV 18570 19062 16729 Br

HHVynn" 20378 20917 18592 Total: 100.1 100.1 100

Biochemical composition 0rA% dry)

Elemental analysis (mg/kg sample (dry))

A l  - N D  F e  - N D  P b  N D

A s - N D  H g - N D  S b - N D

B  - N D  K  - N D  S e - N D

B a - N D  i l g - N D  S i  - N D

C a . N D  M n . N D  S n - N D

C d - N D  i i o - N D  S r - N D

C o - N D  N a - N D  T e - N D

C r - N D  N i - N D  T i - N D

C u - N D  P  - N D  V  - N D

Z n - N D

Glossary

daf dry ash free

ar as received

ilsr Measured

Lim detection Limit

Cal Calculated

ND Not Determined

Unk Unknown

Avg Average

Sst van Soest

Sgr Sugar Analysis

Bulk density (kg ar/m3)

- N D

- N D

Method of analysis

Total Ash + Biochemicat

Cellulose

Hemicellulose

Lignin

Lignin acid insolubte (AlL)

Lignin acid soluble (ASL)

Lipids

Protein

Extractives EtOHnoluene

Extractves 9506 EIOH

Extractives hot water

Starch

Pectin

sutt c5
Arabinan

Xylan

sutt c6
Mannan

Galactan

Glucan

Rhamnan

Total non-structural carbo-hydrates (TNC) -

Ash composition

Ash production method

Ash compositon (Yrt.% (ash))

GOz - PzOs - Al2O3 2.5 Na2O 3.9

SO:0 .7  S iOz  18 .9  CaO 9 .8  K2O 41 .8

cl 1.4 FezO3 - MgO 3.3 TiO2 -

Not Determined

2.6
- N D

- N D

- N D

. N D

- N D

- N D

- N D

- N D

. N D

- N D

- N D

- N D

o

Ash compoeition (mgfl(g (ash))

P b - H g

U

ND

Mn
Gr

cd
Cu
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Xpfon Btop6(oc Tto nopcrToTn otuof TEI lepp6v

Aryv[vn:
To 8eritepo, perd fllv lcurro,pfrn1, ouoronrc6 rou [r5]"ou oe uvcr],oyia20-30Yo. 

'O'uov yivetut
rcotepyootu rou (ri)"ou, Tto vo napoorcanootei ntttopivrl n Xapc", n l,tyvivt'1
onopcrrpfvsror ps ezcl8paoq 0etio6oug ooBeodou (CaSOs). H hyvivtl naipverut on6 to
(6)"o pe ent8pooq oe 0o C zuurvof u8po/,olprrcori o(6o9. E[var sSrdl,urq oto, neproo6tepo
8rul,Drrrd p6oo, 626er 1:rilpa rootovorlrpw6 rcot popur6 F,ipog ndvr.rr crfi6 10.000. Me
o[s[6olor1 6iver Bcrvr^],tvr1. Eivcrt naponpor6v qg Bropq26aviog rucraptvqg Kol ?Coprtori ror
nofpvetor oe peyd],eq noo6crlteg Kc,t pt ptrp6 rc6otoq.

Kutruolvn:
Oplovrcr1 wrrlorl zrou crvr1rer orouq pq ooK)Copoer8eiq noluocrq6apireg. Eivot zroL,6
6ro6opwq oplovrrcq ouoia otr1 qrlor1 rot unotelsi to nepipl"rlpo oe 6),o to gurtrcd,
rcfttopo, 6rav aurd eivo,r veop6. Ta rno q).tnolpevc rcr5mapa nepr6louv erct6q un6
rutropivrl rot l"tyvivrl. H rcumopivrl ruopoorcand(etar cm6 ro [rito t1 to puppdro, zrou eivot
o1e66v rco0u,pr1 rcumopivrl. Eivat oiopcr 1.eor6 lr€ lopor<ttlprcrtrcq wio6q ugrl rot o8rdluto
oe 6)"cr tu 8rolurtrd pr5oo. To poptor6 Bdpog n1q eivat dyvrrroto, ndvtrrlg eivor peydl,o. H
rcutro,ptvq il)qorpoftorettot oq Btoprqlovio rrlg rccrr5otprl ril"q (n.1. $il,o), <rlq Dqcrvarcrl ril"q,
orlv ficrpooKsDrl vwporcuttopivTlg,l6u,pnori, telvqtori peto(rori rcor toel"B6),.

Orrlroofv0eoq:
H qrrloouv0earq 6to,6trcooio ytveror oroug /,rrlporul"dortg rtov npd<rwov peprirv tcrlv
<purrirv. H 6u6rroo'icr ro0rilg Kor 01 pro2grlprr6q avnipdoeq sivot aol,6fil"oreq, oL)"6
pnoporiv vo, zropooro0oriv pe pio TsvrKrl e([oorq:

CO, + H2O + 8hv (gtrlg) -+ (CH2O) +O,

Anl"o6rl on1 6ta6txoola crvo,yolplg w6g popioo CO2 npog ptop6(o rat o(ei8olotlg rol)
popiou roD vspori or o(u16vo lrerd(ovtor 8 qcut6wa rutril"l.r1l"r1g ev6pyetoq
(,t" <loonm\
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Xp{orl Frop4ag Tu rapatrofn at}rof ,TEI Xepodrv

Br,p?'rrypaqta

tU Eevmrl Xrurlorm{ Yzqpeoia ElJuri8og
[2] www.eubia.ore
[3] www.ECN.NL
[4] frirploq Tor],rympi6qg, <AvoverirtpeE qyfq w6gyeu4 6r6arccrr6g orlperdroer,q>
@uo'oolovficrl, 2001
[5] B.A. Xonlp6zuouloq, <TsXyrr{ qoorrdrv 8regyacrdov II, E{atprocrlpe6> @eooo},ov[r41,
t996
[6] B.A. Eoxrlporuoulog, <Te1wrr1 guorrrirv 6r.e gyoordw II, Atponopalarprdg
eyrccnaor&oetq (i."6Bqteg) @eoocLovftal 1997
[7] Krootawtvog f. Iloonoldq, <Merd6ooq @epp6qtop Oeooalovh,crl, 2005
[8] European Standard EN 12953-3
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