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This research aimed to study the production of tiquid fuel to replace diese[ fuel

from the conversion of waste plastic from l.andflll. The waste disposal unit at

warinchamrab Municipality in ubon Ratchathani was designed and constructed as a

non-continuous pyrotysis process which achieved a production capacity of 5 kg of

ptastic per production cycle. other study objectives included a comparison of the

characteristics of chemicat fuel and diesel fue[, and a study of the engine

performances and exhaust gas emissions of COlCOrlNOv/HC comparable to those of

diesel engines by the use of a Cl engine, a KUBOTA 14 HP direct injection engine,

and a single cylinder engine. lt was found that he equipment used for this

experiment was suitabte for conventlonal pyro[ysis, and test results reveated that 66

to 72% of the waste plastic became tiquld fuet. The characteristics of the fuel from

the waste ptas|c were comparable to those of diesel fuel. The average amount of

fuel produced from the waste plastic was 4.5 Liters per time, and the average price

of this fuel. was 30.74 baht per liter. lt was found that the maximum torque engine

which had brake-specific fuel consumption using diesel fueL had higher brake-specific

fuel consumption and Lower brake thermal efficiency than the engine using fuel

from waste plastic. The average temperature of the exhaust gases of the waste

ptastic fuel engine was higher than that of the engine using diesel, and the exhaust

gas emisslons of the engine using waste plastic fueL were higher than those of the

engine using dieseL. The experimental test of maximum power engine showed that

the rate of brake-specific fueL consumption of the engine using dieseL fuel had a

lower average than waste ptastic fuel engine. The brake therma[ efficiency of the

engine using diesel was higher than the waste ptastic fuel engine, and the average

temperature of the exhaust of the engine using fuel from waste plastic was higher

than when using diesel. The exhaust gas emissions of the engine using waste pLastic

n



n

fuel were higher than the engine using dieset. The nozz[e pressure allowed a

reduction of exhaust gas emlssion from the engine using waste plastic fuel.



d't5u6r,

l,tu1

fin6nrrurJrvnrn

uufrotianrurlvra

u nnuonlulo{nqu

d'lrutu

d1tulu9r1:1.t

d1:uNnlvr
J.

uvtvl 1 uYtul
i "-1.1 vr!1tlacnx1 a1r]6!

t.z innrJ:car6

1.3 r oLl rt nt oi nl:iiu
t-

1.4 lrLrl 0un1:fi nullvltJ luY{l]5

t.s rj:v1Elriltorruio'u

n

tJ

n

t
t
ol

uvrd z uuaFovrqufrdrdurdo.:

z.t ifior:rfiuil

z.z nr:na'ur.lrrirfil

2.3 n:vuunr:hI:'[aia
2.4 lrarafin

;.
2.5 fl 15110 a 0! t n:0.r u l.J o

2.6 nr:iro:rcdond yr!
J .d f,J

uvlvr 3 'r1u10u [nu?to.t

J
uvvl 4 oufl: uas2501[uun1:

^- ; e. ! i ,
3.1 t1l.J1iULnU1nUn1: Lt 1r A.l.r'rUvtfi rLvru Lll u Lt 0 Lt! a i turn:o,rursl

-- j.j o"!
3.2 rui,i'ovr-rilurfiunr:zu6nuavnr:1{rfi o ryrirnrnn:surunr:1nI:1a6a

a.a rruio"afi rfi urriunr:1ula1:6anaraGn
-- i - qu". - ^ a, J J .

3.4 .ilulnLrnulntn'T : Ltuluu0lntusaalenrL!uLt0tllar [urn50 iuuft

4. I oon[!u[auairrrollrl:la6atuvuarafi nu{iurirriu
q.z nr: zu6ndlriu or nru vr,{n" a fi n rfi olt'Lurr:yoa olrni oruuci

.i-
4.3 fl',]:1Ln:lglra !91111tttat a.l

q.l ) .4.4 0!n:orLunl:yfla0!n1:Lttt0L a.:Lu[nl0iuumlg:ut!oo?ufiia-{on
.? -q ., .4.5 nltytodolJtt0t a{!utn50.ruun00lyLlJfio1un1aido

4.6 nr:irn:rvriyrlo{l1u

1

2

2

3

3

4

5

10

t3

18

28

31

34

40

42

54

65

68

77

78

a



d1:fru (eio)

5.4 ni:11nao![n3o{u!rifft'hirfiro1nfl uv1la1dfi nfi [:.r6'uri":dournnsirrfiu

u?rvr 6 dSuHanll oao.t

6.1 ar uanlifinurnr:zudqrdrfluorntuvvlaldfin

6.2 dotauo$lrs

ronar:drr6.r

nlnflu2n
u5ts?O0.120u

J.
uvlvl 5 H an 1:vl oaa{ [[ag1tn tl v14fl a

5.1 nr:ru6ndrl-uornruvrarafi n

5.2 nr:voaoruniolaudfil{rirriuorntusnarafi nfi riru:':inarao

5.3 nr:voaorrnio.:uudfrl'Urirrhorntusnarafi nfi rirrira-.wrudl6o

fiu'r

79

87

91

99

103

104

105

111

r))

a



rranl:vrodorrrila'{.i1uuavn'r:#ur!ea.:rdaurirtorrntoruuri

i.Janlrrloao! o-n:rnr:3rul6or u6our6{uavrl:cByBnrr lErn':'uriou

zua nr:vnaotlirrrufrrrnrjrourL ourjoakrir o r lni oruud

aranr:yoaor ilruff rrnriuouloioonhritolrai a.:ausi

zuanr:yoaouUilrrufi rrlulsr:rouoonltritorrnioraus{

finrrrluSr:ou 16oo :ouqiourfi

. -- -i a A ; ,
d5!.r1u10urnu?n!n1: Ltfla i {luytu LrYrurljutt0tfla{ turnS 0nuun

a:rhrui6'ufi rfi urrirnr:ru6sruavnr:'[du:rliuor nn:surunr:h1:1afi a

' .- ., - "."" - ^ .' a ; ,
a5!.r'ru'lnurnulnunl: Ltul!un1ntu3 a1a0nt!urtarfl a i !urn:0.iuuF

. - ""- !
51Unl5grUvll.lnl5zuAnU',rUUtt0t A{01ntUvfl ala9rn

a'r5uru9r1T1{

. .lq v ", . - , i - ^altu5un0! L0toln'riuol.tvt Lo0lnn1lnaual0udlut0{u'llruo1J

a !"Fro{a'u!:snollslo:ariuou
anllv,uonn:3!?unr:lnl:la6aurr-rrirr 1

, -- Ji -ar!.r'ru10uurnuln!fl1: Lfl La lSta alaqn

,i
lnterpolate 141n1 c taau

) ti a
a!unt0{Lnl0{uuofl lt tun'tivtoa0u

arthtorrnSorirn:rvdtorf, u HM5o0o 4/5 Gas Anatyzer

a!unt0.!tt0t a{t}la't0'1fl tius a169rfl tvuun!u1tJ1.lo[ta

zuanr:1nla1:6avrarafi n PP

r.ranr:1nla1:6ayra1dfr n LDPE

zuanii1nla1i6dila1dAn HDPE

,JanlrlilIalrdailal66nil61.l

finruuir:ou t6oo :ousiourfi

tr ri
1J0{rFn0iuuryol'tl.rH1i01J 1600 5olslou'tyl

finrt:rir:or tooo :o!siourfi

fierul5r:ou 16oo :alsialrfi

,.Jan1:vrodo!qotu4filorfi uto.:roioluudfi nrrurSr:ol to00 :orriourfi
tra n1:rndo!Gu'trufl rrtoln:n rir ou,Uol rnio.l riue{

fiaruuSr:ou 16oo rouriourfi
zuanr:yodou rira-rrruuac nr:durU6orrdornd rto.:rnioluud

n1l1{Yt

2.1

2.2

2.3

3.1

5.1

).)
3.4

4.1

4.2

4.3

5.1

5.2

1r.1

1.2

iJ.3

1r.4

rJ.5

1.6

1.7

1.t.8

1.9

11. 10

11.11

1.12

r,1rir

7

7

10

48

50

51

52

56

74

75

83

do

115

116

117

118

119

120

121

122

1.23

124

t25

1.26finruu5'::ot 2400 :oloiaurfi

't



d1:f6un'rr1{ (eio)

0t't51.ivl vtul

r27

r28

t29

130

1.31

132

c..13 ruan1:vro6olJo-Bt'rnr:#uuJfi orr{orniruac :civr6nrrrtrnruiou
tuo.:un6oruueifi arurir:ol z+oo :orriourfi

1).74 aranr:voaorGrrruffrrnrirauroufionltsitolrnioraus{

fin'lurir:ol zqoo :orriourfi
r.15 zuanr:voaor 3rrruffrsnrirouloioonlrrito rrni o ruuqi

finrrurir:ol zqoo :o!eiourfi

1r. 16 zuanr:vndouGrrruffrtluln:uouoon'Ltrito :un6oruud

finrurir:ou zqoo :o!riourfi

"t).t7 iranl:vroao!orui4nilorf, uro.!raSoruudfi nrrurir:or 2400 :orriourfi

. 11.18 zuanr:voaorr]ir:rruffrrlalo:nrilouro.:rnio.:uud
finrt:r,ir:ol zqoo :o!eio!rfi

t



0l

611tUn n11r

n 11'{Vl

2.t

2.2

2.3

2.4

2.5

2.6

3.1

3.2

3.3

3.4

3.5

J.O

3.7

3.8

3.9

3.10

3.t1.

3.t2

3.13

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.1.2

o-rilfrn:nih,,1:1a6a rJrr-rr-frnr ruuav n r:6 o rir ra r ri o sr 6o r.lr

o.Jro:orfi'rrirururiav rlr n: ou n-r d'rudr r

rarroruffarvFn*:ro'ual trroGrrrunrrrLiou 25 kw.
- a ! - -- - )
n{ tn!!'tl.tuuav n{o n ttn av]tua 001fl n15n1! Ltl.lt.l

" <r - r
ro Llt t: La{au1xun1nflu3lra'ra0rn'uul0 5 ntanS!1ra1d0n

- ;v Josv f, --1'!d1donlla'r.rdv0''rnt{ Lv tfr 5 kg o':urn:0.lo0fl0a

i i - - - .it- i
,.r.ruao !n:M5n15fl auuluuuastJannfu?111 to01fl n1:naL

aql a nurualv:lJ 1r a 1 a a fl I L{ ra a

nal.rnr:rfi orafi u'trrrn;oiuueioo:vrtodrurJ:c nrub'i
.J4.

n1:trjauuu!ainxl!tflL1jut0 i HC, CO rtau NQ tu L0tauto{tn:0.1uu91
i t - - J -r

na Lnn15rRoraa1!lLuLa5a.!uunno:3 LUoo?un1:0q5cu!ao[t0tlrai [nu0l.i

n10 u'l.i u uR! n1:'t tn tluy0ftarJylu
" -tr'[oovun:lnt:to"oi': aortt"uavnr:nH'urirriuvrio6d'tu#r

loavun:rnr:vnao!Lnio.rur.Jiit!uir.rto.i orhan Arpa

loosun:rnr:uoao!rn3o.iul.Jii6t{ato.i orhan Arpa
-"- z
ar"{Gild'u{un1i1rIa1:iaurr:nuudrrilto : 5.[4urugana
- " - E J Z - ;qu
rJ{a19iu{!n1:nauu'rlruvl LfiolnnlltilIal:daurl:ouus{urirtol S.Murugana

qr.Jn:ninr:tnla1:6ator S.Murugana
r..
Loovun:l nr:voaoL[n5o lul.tFr1,0.1 S.Murugana

'[oovun:lnr:lnla1:6arLor Cumali llkiLic
-trirnr:voaot tn5 o ruuoto: Cumati ltkitic

fiinr:voaor rn6oiuuoir;o.i M.Mani

fiinr:vnaorrnio{uugito.r Pouya Mohammadi

zunn5uu1ufl 1:rua'lu1l]uo t{a6.:tn:1sv
-;,rnnl:voa0!tnl0.iuunt0.r Fr6l.ro 1r}r!'lttul

14U19rfifl 0{d1UY{',lUa! 1n:61U

' ,.]
rirturorrn:rruto{a1urllu:!aillduu! A

uurtorlnlat:6arirtTuorntuc arafr n
. -, - 3 -nrviv{rsrh uuutnlnlal:fi arirfuornruvfl a 1 aA n

rarir

6

16

24

26

27

30

36

37

37

38

38

39

39

40

40

44

44

46

46

56

56

ht

63

63

63

64

64

64

66

66

66

1jiiofl aiaandlulu s t<g uirlr-fturmrr.lfr n:ni

rfi rrirlufiiyriodul:vrLrru 200 6n:uavrfi rrirluflifinuffai:srrru 5 6n:



fll

n1v{

4.t3

4.14

4.15

4.16

4.17

4.r8

4.t9

4.20

4.2t

4.22

4.23

4.24

4.25

4.26

4.27

4.28

4.29

4.30

4.31

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.1 1

dT:fryn1il (eio)

4 . . - - jv r . , .icq
rn5o.:uunao:vt!ofrxufilei.iirorjv0n L!sr15l-J RT140 vr Lt L!n1:vaa0!

ilfi1

66

67

6t
67

68

69

70

7!

72

72

73

73

74

74

75

75

76

76

76

80

81

81

82

86

87

88

89

o -3
nx1udllyluofl0,i0tu14r1r Lut91l!rn:unut'ta1[un15,,Janull..lu0lntuuY{a']anfl

n?1rJd'rlfi!5ro{ililrlrurdor A{ruaxfi!rxal'lunr:zuandifirnrnruvllaraAn
i - .le ., f, -o , - ., ,

aoaluron[tarY{anrya']yrLoo'rfl fl 1:nauu1llutut1,i0fu14fl nl5naunl{ .'l

Ir] uni o o d!vulu n i : 0.r a n dr riu o 1 n r u s vr a r a A n
- : ,- t i,
0n:1nl5aurl]aot[t0tfl a t01t 1syn1tt: iuod{ao

d:vf, yBnrur€rn'lrriouru:nfi riru:i0Frd.iao

oruvnfi fi rtlo uf, ofi'rir u:ri oalao

r.Jilrruflrrnrirourouflonl{ri (co) uavrlilrrufil{nri!oulooonlrri (cor)

vnlu:.i!oa.iafr
s r , i,

1J:t.l16Un1t LU Lfl: rnUO0n L{O y6t',rrt5:Lnalao

90

91

92

roa nioii[n:1v]i141oot1ul uavoofr ob.J

orJn:a1irn:rvr.iqru nfr ni:nd'u

Nomograph for Catcutated Cetane index

1nb{r.r'ruflarfi o1i'n'rrrriouurirYrrJin:niuavrJir{nruql
i - .J, -

rirr:iufitdornn:vu?un1i1yrla156afrdx.ro[u14rfi 250-400 o.lPl1t{atiua

qov0naualnualu
"" - .,h - i t

rir uiufl irio r n n r : n alutix q nru 4 fi 25 o o.r 6 1 tt a 16 u a

oiln:aiiun:rvririrnxi rix,io'1lfl 'ru

tn;o{ Automatic Bomb CaLorimeter

or.Jn:niirn:rvr.irirnx1r.r fi o
{a,
LO A U Un:! n '',t: vlfi d0! ta:0.1uurl

qrJ n:niio:ounr:rir{rur or rnia.: uuri
i --vroiorriufinrioqla (Data Logger) 6rio Htorc iu 8421-51
J.

rn 5 0,:'l tn 5 1314 to La u

n:s Lll't u10 0rl:1n1:au t!a 0{ Lt 0 ttta.r

ro ril{1}irilMiurfl !r1: slua ol#ri!'[ourhi rn oi
haiifi rmoi;itairioru:r6'u1vlfi rta.:lnurlufi umoi

uarrrlfi rn oiairviuio n: v uab'{fl rtorlourllfi rno i
^ - r.j,"

zua0lnfuflvl [o01nn1: !fl La Ll{41\a']a0ln

rjir:rrufi rtlalo:a riroufi rir ul:.rioalan



I

n'1fl?l

5.12

5.13

5.14

5.15

dlrfrynrr (eio)

-:.-zdn:rnr:iuuJ6orrtorvrdl<irurrc (SrC) fr rirrira".xru4rqo

rJ:vBvBnrr.r rtrnrtriouru:nfr rirrira"{.riua.i6o

a ruvn fi10 lfi a fi rir rir a-.r .r tu a r a q

irrcufirrnriuourLoufiontsri (co) uavrJir:rzufirtnriloulnoonttri {cor)

vrn1n1ai.rluql.:qo

rJir:rruff rsluln:rouoonltri (Nox) fi rirrila'{.:1ue{4o

rjiurufi rrlalo:nrirou (HC) fi rirrirdrlruaran

oisr : r n r : du r! 6 or rdo rn d r dr um v fi ri r u:r 6'ufrr i n oi r fi'u

r.J:cfivrGnr rfi lnruioufi u:roiuv'rioumnrirlriu

o ruiln i fi r tlo rf, u d u: l rl'uri'r do usr n ri r.: riu
- q t)

n1qn1:uau!0uuon LtovtLt: iou1.4?aoLlonF]1 rn!

firtnriroulooonltrifi ru:r6'uri'rfi o unnrirrriu

firtluln:rouoonltriiu:rfrurir6ounnsi'xriu

14U'l

93

94

95

96

97

98

99

100

101

101

102

102

5.16

5.t7

5.18

5.19

5.20

5.21

5.22

5.23



u1lfi 1

uvlu'l

A "e1-1 ?l!'tua36?13Jd1n

floljuflryr,rrtavr,raraAnfinl:rfiuUiur6urlrnduodr{:xnt;1 6ni'{ri.:fiLLurLilfitsrfil
.-!

r.Jir:rrurrnfru [uouron ria Lrirfroflruv]ualuodiisrltJttl tfli1ufla1aAnlridouaa1uv1i6?n1Y1

lrlna'ldo::r:trfi uriocronaarufit;rrnrSnar uriu''rsio rld'trarurulunr:douaalu ix!dlrflufi
- , .i -d- tr - ) -

rvd a a u u.i Llu0=u9]:1um0ea.rrt,]m [avd'rttloaotJ t ]o10en10o fllun1: Li.l'lv:0 il.i naun0c

na [r4Lno1-lnru1slaan11'{rr10a or fiuunx1r.][lJuta6f]lunll0qnlla':Lr10a0! Ltaut0i tau0urlllu

ntusifixni:!firasri lvrirurduo!a:rtrrfi kiirurilufirjinur rLoltvrolra tio.i'r1iuri1rl!

luln:lnr:sirl l Tourottrlnr:o-n nrrr,ur4adoul#ufior.Jrslutrfludruvia'.tlruu,asf,luredo!

' -' - rnr:riaairr:vwrir{otsvr.rarlo0 :vusfi 7 I\X 2540-2542tvnula tL0l?1lut151u Lofrl tul
:vesd z luil 25q9 nar:rurd a'luil zsst lourioairrraio':-utiourtavtilnl#r-inr:

rirrf,unr: rnautuv{ai.louuuuonvdnatriura (Sanltary Landfitl) lrotir.:riorfio.: uavldfi

v':amu:rtnr:drui'oriuuacril.l:vnounrrdrtontr!rldlinr:iupiru Inalui zsqs-zssa
; i n ! icr" -!5!rrur.uv atlou rfrtJl.rlntutvrlml 01n n1:0fl tnut0tlat.iulvuntus a 0uvlLool tuunllt.l.i

nauruy!ae.louLruunnvfrnqtrilJra 3 fldouva-.: rTt'jrfirjilrrurjrMfintuvrarloutafiu

1J:s!1ru 134-136 siurioiu ornnr:dkirir nr:finur uasitn:rvlio.:ri!:v noutusa!'il d?u

'lvairinr{lutuvduvEtj touorvr: ioaav 40 tuvlr?rrlri:lri doix 1 trtur. araGniosav 16

,;;;rrt;r;' ra trlr;o*, 2 axuavvri':iouay 2 rn;,irioua! 4 tnun:coruiouas 6

- J -- ct v ,,\\ t q ,e, & , J
lavvuavoqfirf,ouiouav 1 uas6u 1 6niouav to rflud'u tt)iouai'lulrar!uflvvr"rtus atlaufi

douaaru'lrilowruo::r.]t'r6[avtuuuadouflkiaur:ndouaaruld n r: rir dot a v 1a r.Jo a rta v d.l

rJfrnalvreiri rvrorlrarfiorrriucir:ru tfluv r u rudq rrailfiotollunrrf,.inalJtuv{aNou ld'

i'olirfion::rririo.:lunr:aoUir:rrutuslnonr:n"ouuntuv6uviririrtrjlirrJuvfn n1:riouu n

lruv0ilraiaAn lurj::luaoltfin nr:6fl LLu nt uvi'ltt6arfiorir n a'llrl{tj:v1utflvil dl

aMinaolil'rrutuclunr: rnautuvlfi uon rr nfinr u'[ur-ioilr nal16'rt{:vu!ie!1u ffr{
- J.r,ov- t -"r'rnr rlta!11!Lrnrrrtorrarrddn lufl.:!rl:c!rru 255t ldirlurj:c!r 6u1unr:rioairl

I:rrrlur.J::rJra:rrraraGnrflurirl-uIo un'liiotio { nau fi16rl urdr!ro'orruntusraldAndlt!
. .c. x j i'

rr!:5!Lilu lr.ru nvtluLr4a1 'D0vturluuu't1J0tJ{nau lLtLq0n [v{:1v11urtun1::0.i:lJtlus

qarJ oa olhirfiurnoluournsr a-rrjrt aorlirrrutuvryaaJoufi6'ouirhl illnal uavfitmqdurtJr,
i - a, ""- & A a,

1lLslrA',ranr LunltlJ0u L:.!.i'rutr0iraflr!uu1uu 5'lllvl.: tvl0L!un1:!oi n!!Q14'10L 01a 0u bno

-;1.
'.an:vvt1rn06n1rul0a0r.l10{vl0 

i01.J Yl'l.lfluu n'l'llJtlJtJta60',lu n15aon1:fl,i Lt'laaouLtast0,i

tduor0l:'tu n6ueafi'tn::1]fl'tafl: l.J1411 914u0!a:1{5'lu t.lltu1no11Y1n!nr:finu1x0u Lflu
x - -,.- i, ltv
u^:{uvrto!.u.r1un:c!runr:tra:rv v'rtnfi (Chemicat Anatysis) uasn:su1un1l ndufrld'



2

rl1ari'ru (Distittation) ud':ovarrr: ndurl{fiiua:'o ruuoivr'r'[rj asrirl#rfier]:sIutrflur€r
i -xrrrittluac!zua rrdrr:rrnriod'rn116rr ndu o-rriuvr rffi,t'u6{autonr: utJ::tjtuv arafin

a, i- a - ion i .a - a. B- )ov
rilurirriurio uvrir rfrolt-luuni or uusi6 rsa Tooarr:r:0[!r: 'rJUUrar afin liJurirrTu rfio'!{

- X , - c, i ao - a, iyroLtyrulld.l,tlutta tYia.! LuilJ ttlJlJ 
^15rJantUutt0[ 

a{Luu'ruvl1vLJv v:0 tUuLx0 rv,ra.r Lva1l
) - - - .i. -5oul:srnn6u6ndru luil fl.n.2553 va!fl.:nawo.rrvrorlrarfi o,i?15uri1:ltfitavfrdor rnat

l:u!l 125-130 6'usioiu lu,irurudr{Jutarv,arafin 16.5% v;o l:c r 21.45 or'u lluv

arafinrY{nci1xlivno!1 d'?uylaiaAntin PP uav PE [1,2] tl:cnoudru q.lnaiafinl:emvl

q.riou (PP) 0{rliflur (LDPE) qrfir (HDPE) loulorl:valrito':ivrarilrudflrfro frnurnr:uti:
- , !a. 3 ^ ".2 - I - - o J

:!auJflaldnnrualu1Llu[t0rfla{ltaun1: ttu1uutt0rlla.i{1nluuYlalaan LuLn:0.iuusrolta

r.z innd:sa{ri
) - - ". - X qq.e, i

1.2.1 L AfinU1n5u!1Vn1:C.rAnU'lI]Urt0rlra {ilntUUY'la1dUn tv LttrJ!tt0t1'{anroul1u

u'ruuo[ta
)-

1.2.2 Lfiooonru!uasairltoln1a'[:6aruu alaAn

t.2.3 rfi o6nurarri6vrrrudou,rF.:tonrtrr-ufildarnnr:'[nla1:6atovnara6n
) ) ")o.i- ! ^1.2.4 rnavoda!nan:vvlrto.:La:oiuumu0ttull.tuLt0tY{a 101ntuv alann
) - J .J ""X - i

1.2.5 rr,{afinu1i.tan5cvr!vlr i0'rn1fit0'1L0tautn50.iuun $r0 Ltuluutt0rfla.in^ nrus

a1afin
)-

1.2.6 rfi oAnurnl'rud'r.rri1v11{rfl :uofl 'ramflun'r:nandlniuorn'uavnarafi n

1.3.tou$nti0{n1t?au

1.3.1 Anulr1:u!::tjrLusuaraF n u{luti.,riurdor.rF.r.',ntusyralafinlulio ,inau a01ud

fllAOtUVtAr.l0U LvflU',ta$10{'t'nut1:1! n.u]o t6r Ln a.11:ut't:11.J 0.0!a:1t01u

1.3.2 oonurlrlrauairlqnqr.Jn:aJnr:hIal:6aullhjsiordol :sn'r-r#ouJfrl-finr: turo
s filanirLuarafinsio:olnr: en druru 1 to

t.3.3 ldzuanrirlornnri[!i!!ruvraiain fifi 4rua'nt*ruvaiirurjrriudl (Light Crude oiL)
e. - - &." .i '

rr,tluisrn6rd'lriuluni:ndu*unrth rniufild'Lunr:fi nur

1.3.4 yroao!altGvl{rn:"'ro.:dlfuLdornfirflld'rfialfririrriudrsafi'r1! IouldrLrn:oru
i-rll ytfl:!0:n01ra{.rlu nSuvr:l{ a.r.rlu n1}lun Ll Lo[n nln']'rllt01.t n't'ru]Iufl n't'ru

rixa'r rrr v riro'tfi 6rvr:u ooxlllly{ Lra u o vni n'r: n du rijufi": rG u! rfi ur-r

I.3.5 voao!a!r:0uero irn6oruuoilouyoao! ri1fil:1uro{rado 1uu0i d'm:rnr:ldrirriu

rdoul,rfilrirrvrrv rJ:vf,vrBnrr,rrt rnruiou oruvnfitorf,uuavnrrr.Ja'oufirstorf u

HCINo.,/Colco, rfi uu,irdlriudrtafr'rl!
J rjl ) t " - - )- . -

1.3.6 tnr0.ruuov Lt lunl:vrnd0u rUutnt0'luusr!o:vLlJoo']un1A.:00 gu0aLlml 1]u'ro

14 u:l r lLutlAflrt:{ 1 a! :y!rBnltr;ou6'1uri'']

t.3.7 irn:rvrinlldrrirvr.:rn:uomamflunr:c.rfi fi drriuoinrBvraiaAn



.3,
1.4 lruoaunlrdntnr ululrud

. 1.4.1 :xu:x!{or.Jadudur{olrirguio'u
' 1.4.1.1 :rl:t:douar6orrYrrruiiufirdu':rior

e ) - ! a .i6 6
1 .4.1 .2 5?1i:?!touatnu'tn!rn:0nl]o0!n: vtL{ Lunl:?au

^e.!)1.4.2 ail.iqolilIal:iaruyr,iarafrnrilurfroLyla.:ryd'ufionJfrrJ6nr:rfr ourJ::rJtuv

narafi n riudrrYur{o urir
,duurunrirrirornruufl ar66nlounl:nduuueiro-urirul{oruvnilunr:uunnu

i- i - J t!.a , -J--------.Ja!1ntn1u!1Lturt0t a{ uay ttzuaflaornau Lo tutl.i0tulrn v 250-340 "C {uaruarJlmnalu
i--ul uorga

1.4.4 roaoua!!"fi ro{dlfunlnrueviara6nrGuurfi uuriurirl-u6rtavr-rhj
e 4 a or i . - - lu < -

1.4.5 allilovroa0![o50iuun [ou [xtn:o'luugllo5stufro']un'ra{09r uu0nlu0r't ltu1fl

14 rr:{rir u!!Aom:{ 1 q! :srJrun?1liouri':udr

1.4.6 yflaoulnio.tuuf,lludluarni0uvuacrafiulnEfl{dlriuornruvyrarafinuiuudorn6r

. r.4.7 lill!{n6unrudrriulounr:zualrYrdrriu6utaluo-nr'rri':usi1i "l trav!;rlrril
e .1

unr:aiuuerrdolfiar!1r0d1d1!-lrolnrucralaAnlJl{fiurn:'oruue{ldorfrrdu vro'o:rdruo.tar
! - J ,- , - - z - !

t0nu1!uvttl4ulea! n1:!:uun !u'taou'tuutto[ra{

1.4.8 irn:rvriuacallr.ranllroao!
1.4.9 [{uu:1u.ti!nltanu't

r.s rJ:clutdso{quii'o
t.s. t Liv:rrfi .rrluqroulunr:u!::!firiuornruvrarafi nlfi ovrnuvrurhril6rta

t.5.2'Lrivr:rufiuan:cr!uavi6nr:[fftrunio.:uuairfioanzuan:vvuriorniorouci6rtarfio
" -x -ltu'llJuo'] ntu Ylta1a 0t n

3



2.t

st'1.1

uvd 2
^ <Jl y

uu?nnvqu0ilrnu?so{

t1n:r6uu [3]
d c. ), -. "rt .1 o - 'illor:rf,srL rtlufr5{nn"ulouvr-rhl nr:rsilln:rd urLfruvurnfrdra'ruriorp1:u6nn to { ieLvfl

1 riuotjrurn vrnrj:vtvrlofivir,iurnitllyli tA u!!1n rJ:vrvrnr.r&u 1 nufinxrrlliun{vtl{

rfliunno rrrlvr,{di.iT!ointllm:rf,u rflu;! rulltra-l.lrufitjr o nr: rnr6oufi to.:l1.ludt6'od1.i
- A i re ! ,'

fl11.:11',]{vAO UavU.:r?UnAUaUO.rnX,l1l60.:n1:td',{.llu1,o.ilantri uonolnfr$ld.iaM5trr.lam
i" -"-t ^* ,id

aunldnl!i0utto Lo vr.ial nlJ Lo:Ldul.ruasa1:rou utm:Laur] a':utlu 114':1t.]n'l'll.lt1Ju0Bvlo

luvarui6vrruavana'rvnr:lillnr rd urdr uarnari6ddn'ir'[unr: zuin urasL!dtuarlrto i
-J"illsr:rf,au rfioriuiL'Urj:vlutrl i[m:r6ur !']nlnnrulacfiuaorn'r6o Petra 6lurla'ir fiu uas

Oteum vtu a?1 U1llu $r0u1n1v1.ia0.ilJ1:ltJflun0vLtl1./n1?'l Petroteum t{o10u!4111-J'lruvl
a Jop q - - i

k{ornfiu urin'r1 v!1ut oiijlsr: rfiurlfr'l61ufloou-unsvrl1ufi{ drulu6t (crude oi[) fi1s

oi:rrtlA fi1to::lrnifirvax $ava1:!:!nodolo:n1i!ou6l 1 firfinfiulouo55!t16uavou'h

arl Aa:s 1ri'irovfia nruvriluto{ut.i vuo ta.ir a't u:an1t In uli'?ltj ud'lilln:rf,auo s

i:sno!ri'luorsrnrirou laln:tou riuc0-u uavluln:tou iilfl tteB! 6oar:l:cno!
, ;a ! . - X -1a'[o:nriroufirflufi'rtorui.: ronr alrtavuffa n r uldnrrro'ufiu fir ua v anrn q ruu4!
,)

LuLn:o'r:uouvrrlJ1nllou1.:r.rrvu 6rvu In:uvru ttavi']rvlu oanuanr!sufia t6usdtflutvlutlas
. A - q" , - a Z - q"

La[o5n15uol/rv nn']''lou Lu:Ulr 0'trvalv:0u0 r [1{ 0u1.it:nr]1! nl u Louo{ n n[n!u1]lu tm

finu a'ozi:uto.ruffa ro{rvaluacrlo ru6rduotin-ranrnld'fi nn fi uffao::rtrGavaluoEidl.t
- Ji - ,

tr'{51v a? 1}.to uyll\ untlu 0 u n't 1 Lo nu

rjraiu6r: 6oar:rJ:vn olro{l,alo:a rirourir ar: rnfi6u 1 tdu ar:!:v n orda tvloi

lu1sr:rou uavoonirou Inanr:fiorrjr ar:rir r 1 rurirdlildli'ovdo.:nnuunoonornrYu
;,.--y.--i,t;

nlv!1ufl't:L[u nLiu n1']n1:ndu (Retining) u1t.luo!v[tnnn1.!nu Luuglavl'{uvl1J0,i !anu:0ttuuq
a.r ?- a

n11 anr[ono1nflr.Jt0rU']ruvaurriulnun0s!41:!:sn0u La Lo:a'r:uouu,a3all!:3fl01Jou 6l

) t - ..1 - , d - r
fr[finsirrn]u rinivrurnraoir,tofir,irrfioa-niuasfitei'r{'l n1u fl'rnfuouontvdr':loudrrJu

uavlr,taoral{riuvrsrauacflvLaalusil.r 1 6.rns0nvi!orllnudutolncnougil{ 1 nicrlrunlid
^ 2 , J , i , aa i aa-

os rfinf,uiioufi{1n rvrilfrosalrl'ri0tjo uaar ulUtuor nra u!nfr ri ufirfi6i sro qjliloulll'fr
a. ""-- di.J

o0fltLnuocuouaalu [ynalutuuu1u!ou LlaunltE:: t'tgl Lour]n:vu1unll]11{[n!v]tnu'l'tJo.i
i <a- <i a-( 3.:, s .r'r,3--

nu531411.i{'rnA{}.rr'rm Lnaovrou Luou LeautLayu'lr 0q50! "l !ouvrx Ll]u1l.tufrl.t0u]JaFnv:0ff
- 4l

ulnra t.lflaunaruu1!urtotlra{d''lr5n 5u loul{tuu 0st] naut0.ia1:ouir6110u Ltu nau
i q s 3 - - a -q J

n1:.13 nuuac n au La Lo: Ln u{a t1,16 L!r-J'lu n1M4uo1ro iu't l.luo! n ttm nfl1{ nu L! 9t.itrgltuu

roirvaxryfioudrnu6.:nrtLvflondrsfiuul.ircnou rirnrurirriirurrvfi rirl:c!rru o.ao-

o.gz dorurani ts.o'c drrun'iLlr



5

J : --2.2 nlrnauulluiu [31

", 3 - - i - ^ q"e,
n^t nauull]uoL v 1fl n.i n1: ttulanlrult]uou tl4tlJui{49]n fl a1 t:0?un1{'l m1

v a _ ""_
6o r n r : rfr o n r r r a c o ? n ua e rv ! 1 ! a r: si o n r :'tdrJ : cl u t ri rtj l kifi r t r4 l oil rir riu rr uf u
i - - i - ^ i - tr - i - i - , ! 1 & 1y .

u11]un10 ultJl.Jfilta 1,J1!utn50w1] lllr]urnM!1.Jua0au 015e! u1.:1]vflou 51Ll11nLa n 91

rir.:1n:vurunr:na'urirrTuuorusiacl:lnaiudrfluorottnnei1.ti'udl.i nuotjn'!orrir.J:cnou
t - - i" ", ,iya1u0uln ltu n a!uat0.lu'u.Ju0!vruMnau tuo ttaun tur]'.l111J0 i ria fln 6ufl a1t:n:uvl

.t z - a i - - , ia
mo.:n1:a-1vi!n:v!xunlSnduu'r1lLttl,orr6i.:64 fl1:[unu1ljuf]1lo0nt!uaxr0l1'l ''l vllJ1o[o0o

X- ,!" )q-'[ndr6urriu udtirurirr]uuadrir{r n:vu':unr:si1r l LLasu :dnr rfio'tfiualrvfit nr:1{ rru
& . a, . - a q, J tr ! - t J,., v n "" - N

uas!1':nirii'lL usr0.ireu.Ja1l tn a { [urY{0lvl!nrun1l,iu11.]u Loull? LU $a'ln1:nauu'll.Jutt0tlra{

oe!rsnoud'l unrsllrrnridail6tu6onlinfluuSo nr: LLu n (Separation) n1:u ::luiofl1r
.J s

ruJiuuln:raSxvrr.rtnI (Conversion) nr:rJilrJ1.:qrunl (Treating) n15ild! (Biending)
JA

2.2.1 nlinau ron']llun
n:s!1un1:uund1riu6r6o nr:uandxul:vnowo.!d1r]iufi lvrldrunrunrn rlru

.i.-,
!yruocrrufl toulonl:naualo!a'ru (FractionI DistiLtation) 6lvlrtLfilnr:torrjrriu6r:-rna-ulu

- a. "" " a , ia' ayonfiu!iiBrnrfi rjrriu6tovnnitunnroon riJudra'r uiogilrit.t 1 frfrdx1otnooei1.lliu uavvo
- "" - )' - ) - - .jr - Z -nd'lrirl-ufrliruurfrurunrJdonruyiffttiolndlfiu6rlnr nordooroirl l ovfioqj z ululvr! 1 60

,\ - o i ; , .t ".- J -da a i
vona-u!ltu1n1n ,l{uao.: Lurlrlvl 2.1 t ltvulu Lrnl: nauuunul}Juttotfla.lr!notooo0ll ttaY

i - n i - )d - - /3 - , tr ",140nau46u[u1n1fM41.l'luflunl5nau!1r.tu11r.l0ot9]0oe i L{u anfl rylu'llluvaaau n''l:nar
i a. --a1a!a'tuuLlJu'touljUllun1ulonnl:ndudlrT! Iq uvdn'irr o 16 00to {415!:v n o !. - ' x-- 

iu#rr.ri -tsz.c fiuhjn:vL0 Ln:o'1:1J0ut1.J0rm1l 'l 11:? nu0uLuu']lJuolJ 0ull:vouumnrl1.i I
!, - *- i

11,iva1fl :auonfl lrfl aLqua fl 1untuar]i6d'ufr roflir Lriaur:0uu na1:!rvnolJlsln:nriuoutio
, i ", - X - ^ , oe"" - - J - i

rir.: "l ,ix!0r't0q Lul.]luriuoaflL'ro'tun1: L14u111L0!naumlvl06uvn!91'l.l 1 nu o.iLtdo.i Lu

rr1:1{fi 2.1 6rr{Juar:rJ:vnoulalo:ariloufitpioinnlrn6'u.i1fi!dxuto.:f1fu6!
i, i- a,, J , rs

n1:nduuunul,]ullualLs'1.i 'l i.i01fiuva nnl:va1:!:vn0! L0 Lo50'l:u 0un11 'l
3 - J-s, . & q"a

nalurtJuLoLo151v5otlril{nu L ra nat o ru11.r1.Jvl! ltn l it 0uriu6'lll'110:v tv u Ln t:1v:0
J*r , I <a - a d , .l

nalu rllu L0 LfitSl nx^ Lr.rta rlar! L{nT 5! ouu'r1 v50na'r':0 n 0u1.iv! { nn0 1oto0orl1nl1 tu
))

ml5'r{fr 2.2 6r uaorfiralrifrt o.ra1:lru nollslo: nii! ou ijlsr:rdurl drvtoi (Petroteum

Ether) rtluro irvar l{rilusr'rlirava^ufild1ui'orvoaorivarnramiuavlu{1uQ61finir! ci'rud
i l' !a, t i o,r a" - "" -

I0oro09a iruuavndu00nlJ115un11 [uYlv'r (Naphtha) a?uut!ua']uYl0ru'l LU !ti{anulru
- ".2. ! ^6 ; i d id

rlJutun0t!tn M:0LtttluLt0[1'ra{tuvl001Jvlv50vt5un']'l Lt"lLtxn

lunr:ndudr6'ldxu !1fiu4!ou0neirr.iruurlrhlluviorr,rSnfi riu lu,rt uorodlu

re'rrr.r1[asfinx1rL;o!!:v!1ru 315-37loc va1lornriurirriu6rdiou:uri'rloiouovlvaailuh
I .t J { L i "v- L - - c,
flvanauus:u1n1fl L05ouva0u LlJUuv0nautlJ0 Lot!n'r'rrLUunieflaufi'rna!t!ut0itua1!u

. ia - a, & - Yo i c v a, - a, a lq
fl'ro (Tray) r$8inulljutl] l ualud1jtu Lul40nau L0:ounul. aufl?r1]u1r0{t14c1Lufi'rntlJ Lo

i '- A ' . ! - ' ! - o i, i
ru0u n!tut't{0frL0 00110{u1}.Jua'tuuun.r Iao i Lunl:r.:vr 2.1 t{ncuao{n.it']n00 t9l0fllj0.i

- & n ) - -i; i J -r{aon fl!t0r:rau tutu601r0 ifi0nall{.ttJ 06uyr'rt/110r1ya o0v Lon'l{5a{ "t a'!!]s.i0[uynr.]
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2 a. , i i - - 3 - . ' i - )-
a{tuavtuua'tu!:sn0ut0.lu1ttuIna Ltau r.J1!un10 uasu']lrl.J0Lta n1!a10! a1u!'llturnu

L "",, -aJ ) a, t - ' e 3 | a a a e, Z -v0ndunvU'r L!r.J']un:: i50urlt0ttunr!uLr'1t]ufla0au1lu61! a?1]vtLl..ra0ni3[Uuu1t.ruLst1*aU
i - ^ e 

r:.: o-{uao.i'lxi!d 2.1 i{1uu'r{r]vfi oua?u'll.i .l 11o.tu1uuo1Jvrtlun00n!]!:un'r] r.rafl n fl Lfru0
i -.c - J" i qva, i - ! - X. , J Ja, s
aju.l 1J0{11[m5tau!v]ululnaunc loruuult.rurt0 LY{a { u'r11ufia0au Ial u.rl.laluvrLuu Ll.Jtaqa
o , - - v -l ;Z - ' J J -
t14ruvs a{rlrauu.:n'r'la'ruvrU']rJu aaau Llar 0u Luu.]ur0nrva1va vnr]v0{ rtu 1.iLn:41fl!

to"i-L"u,trnl raioiJln: rduilroad (Petro[eum lelty) drfidnurucniltvarnil uilarlr:n
ii - .q- - =i, , i

Ul t! Ltr,JdtJ Luu10'1y{?nt,.J iv50n5r.r Ltvtlur]a vr'rr,r't t0o{na1':u0'rnnJ !!a0u:0n t[e]03qun!n'l

'jr rradu (Vasetine) rl1nn'il (ri1'ir ?14 6uriludolrr.r nr: dr ) zu6 mri'rurieiru6oi"rul o.!
- & i f - - i" ") 3 - - - I d u t !

1l Lfi5LaEJlluUlJUOUn!u:3 LnrtO.:U',t UOiJylul!1naU tllt13u',uluolJ1llntu0 tu0nauua?a1uvl

rve oor nnsldronlvnli! aurtlu.ilulvqj ri u nrjrriu6ltioiir tllo:16arLldn (Petro[eum

Coke) viorr'rtioolnnvleito':ur6{dou 1 fi!:cno!ei'] uhtaqa'tro.:ar:!:vno!1olo:niiuou
.Jd 3 * - "r - Y - - - i' -.rfr ru1olvrul]ln l']r.rr.irJ [u ra natuoou 1 oqo']u tlunuuuoutroull u tmitaurJuoaY{ast

(petroteumisphatt) viodriun'jrarrilcnou

J u i Z - .Jt,
n1l{vt 2.1 fl.iLldo{n:: 1nn1:nauultluuas aflnfufl tnolnn']5ndu [3]

rEIL--:=

@
@E
@E
tD-tL:i

@r



J . i., i 6 s ,
n1l1{fi 2.1 dridisnoulalninriuouvrloolnnlrnaualoualuro.rrjrfiu6u L3l

n1i1{d 2.2 d daro{dl:rhsnoulolninliuou l3l

o.:d :!noudl{'l oqrdoo (oC) d[:l1uu
o1u?ualluouonotJ

tufurana

n1{! Ln:Lau

l.J',tr.tuLllutu

rr1.,r1r111

u'utun10

Lr'r l.ruo tx a

ultJuva0au

L1l

1r't r.r u tgr't

1J11ttJU

sl'rn'ir 30

0-65
65 - r70

t70 - 250

250 - 340

340 - 500

340 - 500

a.in't1 500

4.in?'1 500

nlt
10ntva2

tontva')

1ro{ tva?

l0nLva')

1JO{ Lva'l

lJO{ ttln

1JO{ tfla')

1ro{ ttlj{

t-4
5-6
6-10
10-14
t4-t9
t9 -35
19 -35
!1nn'il 35

!1nfl't'] 35

ar:U:cnoula1n:nliuou an:h rana
0 n [60orJnrl

("F)

n21!O1{O1[U1t

(60/600F)

firru (Methane)

6rvu (Ethane)

h:ul,tu (Propane)

uoirTairuvru (n butane)

uoirianutvu (n pentane)

uo5fia[onttu (n hexane)

uoirTala!1fl u (n heptane)

uoiriaoonrvru (n octane)

uoirialuluu (n nonane)

uoil-a6rnu (n-decane)

roiriadu6 rnu (n-undecane)

uoil-alo6rnu (n-dodecane)

uairialsr:6uau (n-tridecane)

CHc

CzH, e

C:He

CaH ro

CsHrz

CrH ro

CzHro

CsH ra

CsHzo

CnHzz

Cr rHzq

l12r 126

CnHzt

-259

-128

-44

+31

97

156

209

258

303

345

384

421

453

0.55*

1.03*

1.52*

2.00*

0.631

0.664

0.688

0.707

0.722

0.734

0.744

0.753

0.757

*6on'lurir.riirtvrrcuiotfi uudi.iornrfi 1.00

7



2.2.2 n1:urj::riil3on1:nJduul6i{dirrvrrrrafi
c, d4, ,J s - X 

'r!un:vliun1lyn.:rnfrfrdoInr:uJduu'[n:Iair.ltolrirniudrunr:utja r ranatol
i - r , o ,.j i - , a, -. - ! i a , Ja ,uluu ttu n15u!:y:otuaul.J ul ul.tun [yurlng]'tluuulltuy]tu1 t itJnfun'tflnlgdn1't tlayli.t

qs i - < . - e .*w ,t " -tMnolnlflt0 {u'u.rl.Jt14rJ1ca!nun?,l1.]no.in1: L!n1: Lt!:y Lutu craorlfugl' Lo01nn1: ndl.J6i1du
- - ,i -;- q- , x - 4 i-alu01nns!u:lJ'rfu Lt.l ry1nu!:r]'r0rr,Jaqnruaullltytn 0{ Lt rtu UlIu[naLta!y50 r5un?1

i- - J i,.-,
ullJutlJlttur.Ju 01i Ln01nn::l.l't5n"t:flaua1qu a?u ust!tLl'tfu L:.l Lflu i11 0 un11rJ0a{nt: o.l
- -z- i- --i -3 --i-910.ty'1yt't'ttta0tu'tlJutlt1ltu Ly!1nIuo1un:: 't5u yan usT 1.J10.ifl::lt1iiIri0 n''t:li11, [!tana

"" - - i, --
10.t1.11!u1,150 uu1lvt'tufl na't [:un']0n1tu'11 10n1:tLunaalu ( cracking) Ltu 10n11[tunaalu

riranruiou (ThermaI cracking) [aei6n1:ttunaaludruar:rilr.Jfri3ar (CataLyic cracking)
a ,J Z - ! , u-Jv:0 [Ua uuu! a I L! ra n at 0.iu1ruy1] n Lfi L0 [! ra nayrtu t n?1ua v n atUdfrufin0t1in-u

r)(Poiymerization) u0nnlnuuu itr'tnn't:.!dul.tLr!a{ La:ia:1i1J0{d1:lJ:sn 0u La La:n15!0udu

dnr,rarai6 utiu i6o-adrat'l Alkylation ua vi6tolt rloJ,: lrdu (tsomerization) rflu
.;cq, i a, ld, qvj a, ^-An:s!'t!nl:vrr1Lua1: L0 Lq: n1:uoutJnl00nLyun1na1utUual5yt nl00nr ua{L0 68.trlui59

- ,i z -iall'SritairuJfr uurjraiuuuufiu uavi6rJfl';rJ6'ruar:ui.r ilfrfiiar (Catatytic Refoming) rilu
i6nr:'tdnr:o-o:rI!ranaro':ijlmrrAurtvri lnulffiriroon!yua,idu rflr.rdu ydnnr:dutrufi

fi.tma Llun0

2.2.2. 1 i6nr:uanaaruyionl:ufl nm'x (Cracking) rfl ui6nr:utlnaarual: :enou

lolo:arirourr'hrarlalvqj rafn uayfinrunrncr'r 1{rfluar:r.J:vnoulolo:nriuoudfiIurana
r - ,- ; s"

[ana{ r!1 uactn n'] a.: tfl}]n nlyrlj0,i aartru [yLolt 10l1J0.ruuutlri6 LtaurJlndu lou

or6'unr:l{nrruiou ar:ri.:r.tfr fiiur raiold'loln:rou 6'rd

1) nr:uunaarulouldn':triou riui6fi iuildlual"uu:n 1 f, oliuhifi ul
,".i e .te 3 --j'[trlolorndor'Ltn']r!5 

oua.:d.t 538oC Lauut,:o-u :y "tru 350-1,000 !ouonoo'tyt,:u't ?01l
- "" - ^ - ,*.- i ,ov'[{;iryiuuunaaludlriurml ru6mi'ruvrfrkioo nrro: rijuffrr frldrulynioy r,flua1:u:vna!

i - - id x ^LaLfiinltuoull:vrny taaflxJ Lrauu't:..tut1lutut.ixJfl?ra1:ov [: LuJ0na t ?i1u5uUi!16uU1t!utu
.&, d, - i-fllrioc!:vlrru 50-70 uJoiriusi uray "Uutfrofrfreir oonryufrr LUoi 65-70 uardrfurorrtio
1lu9l'')

2) rr:uunaarulnul.6ar:uilrJfr fiior i6fi iullduunaa^urrnrjrrTuurra
". - - ia,

Ltauu'ruuuun Lnu Ltal:n.i!!n:u'ry/?ntanlu,ay 0ea!u'tyrtuu,.J{as t0Lfl y:001n LlL!uv,{'tnou

ruflul0iirlrrA udu ruutulvrluai (Bentonite) Lraurniau Kaolin uiorrn6uu.rfior#lrn:ryri
I d - u - .i,1 ". - - jd,
{.ll.r 6'l n 0va! ruuuan riann9rr6uayLonlnlDn0 u'tltuluutuyr.tnl0 0 n tytul.lt.l[lJo5a{ no!!

rlnn'ir 90 uavffrrlaln:nrilaurj:vunvrloiilu6lrirlr-[{r{]uina6rtuomaryn::lifin:unfi

3) n1ruun6a1ulou1{1s1n:rou aSdrfluiBvrtlvrjdqo lounr:ufi !1e1r,:rou
.r. - 3 - c i - qua. i - - i e - .

trl !u 110J y vln 1a.i uu n aaluuluun [?a ua vu'rlJuLfl'r 114 r!uu'u]u[uurtu rLa !!1lJ1J R10 d1y51J
i - d-

rnSo.riu16n lnunr:lt"loln:nuuavar:rdnJfi'fiiarfiqruvni{iur.r1u 260-420'c nrul6nxrx
riu 200 u::urnrn
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2.2.2. 2 ilarl $: !y:' o n r : r d u! ar 1 r ( Reforming) riJ!i3 n r : rrl d u u an r fl
. "" - i - - i-, - tt ov-,a1l!ls n0u Lo Lo:n1tu0ulj0.ru'rlJu[rna Ltauys0uluutlJutuTiLnloonLylutlJLUo5oil Lrrn,t

- , r Jov,-
oonnlulirrrlloia.idu rfiolrililrrurjrniurlufiulr nflv Iouor6'unrrr..liour,rioar: rinJfr fi5ur

s i , ,i
14:0n1: LFru Lu LnSr0u t.l0uyrl Ly Ln: ta:1,: tU auu0lntuoyx{ L{n: i LU t!uttoy't.t [tuun uay

.; c.
Luauur!ua3 Lruu0rn

t) nr:rJfr grloul.finx1 ;or.J r{Jui6nr:frld'oruiou6u.J:vlrru 560'c lU
,i - t q t - - l-", ; dea.

[!a uua flu6uv Lol {a:1.:10.ia1:!tsn0! L0 Lo5a15u0u LuI't ut!utulir.]n100nrflu0i't LrLiiu
Jd' ! z.

1nfr fr riroon[yua :0urt]urj:currufirlr!oi 80
.ir q s

z) n1:ur:u tnu tta^:m{urn:u1 [1J1.]10n1:yt[t L0tot rnutLasa1l!0 n:u't

1nlraasrAfir.r !uosaiul nrutsio rur,1nfir]:v!1ru 450-530"C fin:un-u!:vlrru 500-700

rJouririosrr:rri1 6rovli'r't#ar:r.J:s nollaIo:n1i! ouna'ruuufiuuavuoifaur:rfludlfieir
- ti ,; c,a, - i-,

oonrrufirlruoigil u.J6uutUrijun6i!ovI:ur:6nfrfi rir o onryuf! r! oi6.i uavln:lair,:ulrvirl
"",'kim:r ovonoiouiurd'rorurtluurrrvirrldruun rirhi'ldlirrrudlliuruuiuoon l is lru 85-90

rujoir6ud uracfi Firoanrrufirlr!oi1jrurr16u 85-95

a) nr:r.Jfr ;r.JInut{'lalo:rou rilui6nr:ld1olo:louuacar:ritJfr fiiarrrn
Iu6udur uuo!aiu1 n1u1fioruvnfi 480-540"C dnrrro'r.lU: cr.rr ru 200-300 rlouririo
grlr'r{d1 6 osrir'hi'ar:rl:c n oulolo: nrir oundu uur,rfiuuacuoir:-avi r:riluujd uuhj rflu
n{r:ovI:ul6nld rirlrfldil?lrrurjr!nrrlu0ri:curru z5-80 uJoirduoi racfiriroonrru
rirlloia.:fir 80-45

z.z.z.3 i6nr:lo1turo'l:rrt'u rflun::riSLlnr:u.J6uuln:lairwo{urarlaornrflo
viTddn:11!rfluvirrlduunurtlolrrloi Ierunr:ldar:ri.:rJfrfiiorrfiorJiurJ:luayufilnrunrn

""- - , i
1'0.1U1!U tlJU{U tlrUn100 D[YrUUt.r rU0la.:,uU

2.z.z.q lltrdadLadu rfl un::ri6frtflr.nr:u 6rrual:rJ:unoulsln:nriraufi
a. - "-e. "" - - J-,

riiu ffro'[rir[jurir liu ru ui ufifirir o o n rv ufir] [! o ia ': lounr::rr1rrranaro{ai5l:sno!
d 

'. --, dd"
1a'[o:nriuoundrr]o6ilufrfriirurunrirou I 6r s si'rrUrlU[unairlolrvi'n1ih uas'tdar:rir
,--- J- :1, o ,r - . :r,!rn:uly| qyStllunto n0vvlr tv t0 Ltlr't51Y{l.Ju t!rana lv[ulJl.J ua3!a1a0ntvtur]tu0:a.itu to

i- ,

sr'rodr.rrdu lolroonurufrfrriloonlvufi!ruoi t00 ovldornnr::?16'?ro.:t?frAuuau

lolrf,lru rtluoiu

2.2.2.5 i3nr:L,rf, rroit: rrdr r{Jun::r:i6fi1dlun1:r!duual: :c n ou

lalo:nriuouil'rvrrnloFilufirtlrirflurirrlurru6ufifinroontvufilroiar lnu'tdn::ritL{ar:
ri.:rJfliiur

2.2.3 nliiliud?{n n1v{ r'r6orfirucidldorn n::li6nr: na'uaird'u;iruracnr: L duu

Ia:.:airrvrrrnfi dru'[vnitirfinrunrlr u-rtriurarrvarrirar]1 nr:1{i1u rr:rvor ofid.:hifil

rlica.:n rialrau Luli'rr.ruo! v:0010tnoo'1flfl:5ll?Er.ia0.:tl{fl411 ttu }1fl'lrlsnu tna0 ttae

a1:[Uan aousilr 16.r,irrfluoio'rriro-ooonpiron::li3nr:rJ:nrJl.rqrun']lrdo!n::tri6
rJiurJl.:qruntrloonr:rir6'orirrvfiuoonolnflriu lounr:l{ffrtloIorto ulililiAiuln-!a1r
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. -" x a .)
rirr:vn-ulurjrr.r-u ua:l{ar:rinJfrfiiurrtrdrarfiord6uuar:rirrjudu}irflufirrlaln:roudab'{si

"" -d ! ; A ! -ualn1noo0n01fl u'lrJu0nol{14u{ t raM:nr1 lo.i'runl'rn1l n'r{on1!snu00n0'rn''llJu
. -, ,x - e vd- -' v
lnuFt:.i u0n01nun:: 10n15!tulJl.rqtunllru.rt'tuvrl tvr.tan ntuflu'urur Lox.rauaunaunflo0.i

,r'ttJ lt'l915!1U 0 n o't u
- " 3 - - , t,

2.2.4'n1101d[ n0 n.Eu'r1.J'r']utuogrl{ "l vltJlun:l l[gln n al'l}.1'l [a1t'l{9]u}.11,,J41.],.1d',]l.J

oirldo?ilufirvLnvarJ rdu flfuruu€u uavrirriurndorf,utoilu r{lu6'u rfi01fr'toiflinniruc{

druio:wrrrrm:r1ufiri1vuo r.ronalndriiinlirfil ar:rnfirrr adr.:a{rJ rriu lurirriuruflalt
A"

au ivrn!a1:snunr:uontorrniortrud ar:torniunr::rrl6'rto.lrirfufiioonE iou uavar:

tionSlurflll't tuurlu

Z.: n:cu'runr:1flI:1a6a [q]

n:yurunr:lr,ihlaia (Pyrolysis) 6o n:vurunr:firir'hiaar:un nm-rvioaarusr-r lould

nrruiou fioruvnfr!:vrrru 2oo-1000 olsrttatiaa '[ul::u1n1nfi!:lnolnoonitou vSoi

riSrrruoo n6uorrioulnn fllsu'runr:doc rUf,uuar: tvirflullrana16n 1 ;irvilnaraGn

tar116rfiriluhranaurrovonuJf,uuhjriJuzuir:irurifirJ:c nout dru airufirfluflrt (Gas) liud
lalq:rn! firvru uavloln:nrilouhralasr'r dudrflurrolr'var (Liquid) liud 1rLlunoi fi
rhliu uasar:6uv5rifirflulalo:ari!ou rta, eirudrflurlaluir (sotid) Iiuri rirloriuou
(char) uavdrdr (Ash) o-n:riiruto rzufimfirueidtdfiuoqifiianrrvfit{ triu trar qruu4fi anrrv

rirr 1 lun:vrrunr:tnI:tafial6uan{flumr:rrfi z.z

nlrl{fi 2.3 an1?Jto.rnrru?unrtlnl:laiauuueil{'l t4l

Pyrotysis

Pocess

Residence

Time

Heating

Rate

FinaI

Temperature('C)

Prod ucts

Carbonization Days Very low 400 CharcoaL

ConventionaI 5-30 min Low 600 Char, bio-oi[, gas

Fast <2s Very high -500 Bio-oiI

FIash <1 s High <650 Bio-oit,

chemicaLs, gas

U[tra-rapid <0.5 s Very high -1000 Chemicats, gas

Vacuum 2-30 s Medium 400 Bio-oiL

Hydropyrotysis < 10 s Hiqh <500 Bio-oil

Methano-

pyrotysis

< 10 s High >700 ChemicaIs
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z.e.r rJ!ffi urdrfi a{ulun:curunr:lnl:la6a zu6nfirucidld'ornn:crl.:Lnr:1u1:'[afi a
- - - rJq u q v ) dJ- g -. J

uFrl'tLr tLuno1.lnuzuafifl flyrLoi1nn1:10.J'1114l.l,u0.inlnuln:ulLatyltnflt!!anutu30un5!Yl
i-J

flut0uvr''r lv [oa'']5lJtvnou rt.it0ull1nn1tLtotfla{ t0{Lva1[avn1nt0.tu1].txuom1,i.l s.t

61U1:0ttLuU1n0OUL1l0std'rvn::l.lrn'.l9r1.i .l 
L9l

J I " . i <. id
2.3.i.1 lJU0r0ur5usru (lnitiation step) t.i[!un1: *mnr]?10 rfiunvYrtt0l.r:u14?'r.i

nrilou 2 6'r dqruu4iqr nr:unner-1fla.:fiuird riunir aoilotaia (Homolysis) rirhihmqa
vfi.r 1 unnoonr{Ju 2 eiludfia#na:a!fi'ri.i1ili'ud (Unpaired electron) oqjairuav t fi": vi,r

aorairudqn6an'lr ollaaais (Free radicals) tolhraqariu 1

2.3 l.z 4ur,ounti[on6'?od1{riotf, o{ (Depropagation steps) drri]uriuorou fi
- Jtr . ,.t .rd

[nonli[nfl9r1tonfluns?lt{0r.J5v 11{n15!a! 2 fl'] o1uvu.!yrdo.i uu0'1fl0r5{a1:!0uvtlJ
)-.,- , " ' ! - ! r .d , .ic -0LanntouvuiL nlnoqr nl:unnmlni.imluvu.iuis rflo1jlr L![50u "] rrljlJErJounSyv.r L!taflar]

a a ""1 dd a i
lru'roraflanr:0u .l otJ L!41!'r50rronn? lo0n tutu.lu[oulnu Ll.l[afla tu1otanaiu 0'tQ0snau

o ,i- o 'J .iu{ur:uniuld riJullluana lrarjfrfirurnlvqj{uGou 1 nr:rdu1:?uro{!ranalud'nururfl

uiun'jr rJflfi3arnr:rirulo!aruld (Chain Transfer Reactions) 6r riqornnr: [anril6uu

lolo:rou (Hydride Transfer) ornaruldrafiilrJdrdnaruldrafi,:

2.3.1.3 tuunounr:duqn (Termination step) ocrfi nduudofi nr:riruloullrnou
:vy'i1{or:tla6a:s z sr-r [drdrlfiou!ayrriaors]-1lJtuna1ur{lull ranaa!u:ai uasfiri'uscri
-i '".r,., 

^ '2" -2" I r - 
! ir n

rinf,un:ronlr [fhJ:nouro{ou!addisriu 0",:u"u lurlumouf,nsfia']rllyno!la1n:nri!ourfln
- ^iu0aoutnfitu

z.e.z f, odudfi rradon:vurunr:1n1rla6a

2.3.2.1 d.n:iil,nolro.iiao (Composition of materiat) rijuf,.rfirirdrglunr:
- - t)"-

rir ulo n rualrj6t olzu6srrYruefr lrio r n n:s!xun1rlrhla6fl
2.3.2.20tuynfi (Temperature) r{lum'rurJ:rirdryfifidrun:vvtu6lr{rutJ:snotuas

Grrrutolzu6 nniruqfl uusiacdrloruynfi ovfi 26nnirurifi Uei aa o onrrhi ryirn-u

2.t.2 3 6oznr\in'l uiou (Heatin g speed ) rlil r ruyrioyaoa I rfi on'n r: ufi I
o'n:rnr:1#nruiou

2.3.2.4 a:rrud:u (pressure) nr016'anrecnr:tflI:laiafi ou,rninrfi oyld'rjilrru
- dg .d - tri.rirrrfrr{udonrrilriurfrlf,u'[utruvrdurfrlr]ir'rrurto.!Lva'r6osaoa.i ttavfin?1r.]o'ua{ "l ay

.i
an tJ5r: r ruzud rtdruv lutrusfrar rr:onoir l ov rfirr..lirrruru f,nfrrudua s ovfin r: zu6 sl ffrr

t.j^
t0to:n'r:110u ytLt l'u 10 tu'10 0 n ! 1

2.3.2.5 ruloroiiaq (particLe size) lqruvirhj iaofiiturnrSnn.irosifiuvrrfi.:
,rnn'jri.rfirlifiiurrnr'rfioiuld,rnni.,r-aqdnru.,rtrl n;.,riuirnroiq;rqfiturotrrgnr:

,!lfinruiouov{rn'jr r :rcavfiuoruv4firadufiovoir n.jrioqdituroruFn nr:n:voruoruynii
ovhiarirralouavGrLrrue.ras,ntuiql;;os oun.ir
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2.3.2.6 dn11n11tfirto':qrura4i (Heating rate) o-o:rnr:rfirto.:qrura4fifiruaoio
".v - J- : ^A : - ^ - .A d, d d

nrsu'rufl'r: Lyl [: latd vr0fl51n1l rYrl]fl01q6u1r4!va{tu ns:.r LLLrl Luxrvtl LvflannflJ?rvrrljunl{L
,- 3 , - - rJ c,

lJ:l.J1 a.:ru Unr.tanrfuirvrLUuto{Lval[asnlnlo.irr{l (sotid char) i Blrruaoar

2.3.2.7 firrilrJfr6iu1 (Catalytic agent) nr:tfirUirrruilfislniilrl liuzuar:rornnr:

rio!flfi3ar:vrair{ovsror.rto{nii!ourirlaln:rou (Carbon-Hydrogen reaction) rfiofiov

rirtr.lainr:rf,mfirv! dMr0li{dInun1ia;1{n5v!1unr:'Lvrl:1a6anrulsil::urn16laTo:rnu
!- : --n:vuunr:fi rion'jr "1a1o:1n1:1afia" nr:1d6'rriuJfriSurovaruri0rfrrril:uavinlfl1ddn

r.l:srrruiouac 10

z.a.a riodtro.:nr:ltn:cuaunr:lflI:ta6afivtuvnara6n
z.r.a. t l{nd'xrulun:c!runr:riou{rrol"r uavatrt:nrirr.r6flrirueidldna'uur1{

rfl t,ln a-l{ r ulun :c ! ru n r :1ri

z.t.l.z arunalilkifiutuvxarafinfi rjrhJihu6a ruuudu 1 tri uiu ur{:nuud
*,-r.la
8ud'rudGnv:oinafr Iar:aonr:fr nlvluavlara;r,tfna{rrn

2.3.3.3 r{luniyuxunr:firfionr:oon6uor{uriou!rn 6raur:oo'ro.:dr.Jrvnorfiriiu

lavvurinoonrrl6nruya'lor n:crlrunr:1n1:1a6a
J4,

2.3.3.4 rua.rilnt!uivlrullo n{!a1r!!a0orun0ar'r1tyLr1oa0,"ro0uu1 lu1r
- t - 3 - - r, J
fi ixJux{4M:nn{ou tulr: Lltut:"tu Lo Lraaonlflua.x

2.3.3.5 Ltlun:yu?unr:dhjsior'l{ornrnySodruzudltorffrrlslo:rou rirt#trido.:
- e - id g
n.i 1a ri 0,i n': llro uyr tYrl.ltJu

2.3.3.6 arrllinaorJilrrutuvr.riotolrf, uldlrnn'iriouav 90 [ayni nfildar n

n:vu:unr:lnl:laia aur:nl{rilurirurila-ud (Activated Carbon) fifinrrt'larr:r:nlunr:oo
tl- tofr 14:06'ulr:0u't LlJ,,t1un5su1un1:yl'tLrnaluLiJui't{n1.i .l Ln

2.3.3.7 61rl'r:nr!6uuuuvuarafinhjrfluzu6grrirudrfiolnFr616'n.il{llvra-r.:rl

15auBotilu:rltolfirr drniu riru fr-lt lru Lriasornuasfrrjilrrurirlcfiurioudr lel"r uonornfi
- ,A a,c, -J- "U.rfi 1'r:fl rUduu[!r[lxr{doJifuqyt1{rnIfr ItJ:vlutuldurt!1uya1utfi o

2.3.4 riarilasoln:ru?unlrlflTrtaid
2.3.4. 1 fr16'0{n1:l#zu6orfrrur{fi qruarri66drrfl ud'0.:fi rYlrurn,rrror.,, nu,

,i
n:u!':un1:uun rioufrovrirur{r{n:s!.t!n1il11nn.t.uriau qzuunfinr:r.raol6'rrararf,n

2.3.4.2 nrrlan!:nto.:ar:firlourdrdn:slrunr:ovlirlriar6ni'eusi'fi16'finr:
rujf, uuurlaltr.J yioGlrruar:fi d'o{ni:aoa,i

2.3.4.3 riofl ryrarrdu.:riunr:fl rn:sorrrrorounrodr{JurJ lavrduo dlriofiu
A A"

tuo rotnfl 1:ivt14Una1urlx Lo

2.3.4.4;ao!r.i!:vr,nvrororfinrJfriiurdrirlrirfinn:ofiu firoc?irl#rfionr:ryo
ndolrirrJfr n:nilun:ylrunr:ld
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2.4 y{a1a6n t5l

fla1a6n ri'r'j'r Ptastics fi:rnfl'xdrrornnrurninriljr ptastikos 6rutJa'jr arrLr:nvaor

Ll4ruu:!l'r:el'r': .l Lo y{aldona1!1r0Lr .:oonleiruaru-6 nr:vaoutsu;rJld z rJ:vrnv 6o

nroirolrara6n (thermoptastics) r{Jr.na r a 6 ndarur: nri" na'rrr ua ol;iu;rJlflvrili'6 n
)!

va-rot n airu n rtraa ou rfiof,u;rJ rrdr uavrvairortofir (thermosettings) rflunaraGnfi
i aa r"- i ! & v i

L!A1rJ1:nU1na!1.l1 a0lJtuTU Lt LvtJ toon !1d.i0'1flru'lun15va0!L olru:!n5.:u:nua'l ruo.:01n

ovrfinln:rairrhraqariuu!Li16or:lt{vioirlrrv riolvinrrliouqr l nodrroftindov
hirfinnr:yaor usioroovliqnr:aara6"lrornoduoi r,rofiuLoiaur:nujduuanruskirdofi

,J , - ia ,
nl5[!AUUUIA.i0auun!fit0nl1 0U t.iU0U 3 anluvolUnlJno 60lusnAlUUn',] a01u3na1U

ur.: uavafl luvvaou louocioruvnfi *'drdrydrfi urdolriunr:uJaJ uuanru;oqj z qruraqfi 6o
-.Jqrura4finr:uJd uuaorucadru ufrr (Tr) uavqrura4!nr:vaoror-rtorzu6n (T.) r,rarafrn*oiav

rf, ofr dnuruv*acnrual116d'lsi o1!i
- i Z a- -- - -2.4.1 tvrotu0v{a1dnn t!uv{e169rnvra'ru'r:0u1nau 1lJ1.r:lJ tt tvl]Lfr 14l0uu1.l$unl''rt!u

na l6An r!:ldluri (recycle ptastics) drif,'rgdnuni6'.: uaqrlun ryrfi z. z dryiu ryroir o
- i- ,,.!

ualaqnv nl:tt.l1u!1n!:luasrouo0aL1Ju

2.4. 1.1 yroerofi 6ur r:y'lylran (Potyethyl.ene terephthatate: PET) aoAtofr 6u
- J __

[Y]riTiYrlrasr tllull0a[0atToltxofil].i PFT a1!'t:fltfi:uu [o0'tnUn f]5u1 oduloht{duto.l
rofrautnanoa (ethylene gtycot) nn 1o nfiaryr:rllyrran (dimethyl terephthatate) udrld
lo6lnuoi (otigomer) Iouovl6'cnroH (Methano[) ri]uzu6srora ornrfulirnr:aqn.rurYuto,:
:vlu lodlnnaiocrfionr:nr!rr uudlJaorjriourofifiulnanoaaan ur 16'r.rfisrruarflu per fi
IIJufladroarroia'nurus ui.: hifrd uuavl-n'lurtluarf,nql !nir orur,r4inr:uJa'uuanruvndru

urir!:ylrru 80oC uavqruu4fi nr:uaoufrrrolzu6n!:v!1ru 265oC fi nrrlrirlsirLyrrc :str6u
t.a prr fi alrifi docriluourultif, rlidfi orur.r4fi ria.ruavarrlr:nacarukTlu nitrobenzene

chLorophenol phenol uav n:o1a1o:r,{qooin (HF) pET lflunr:lirtiurirufi6'olnr:nll
4 q A - J a*,.q J I - e

[t,u.iut.t [urnto ionsLLacrnio i Lr Ly,ll,'h {ua?ulnuugi r u n]-utu Lio.in.tn pET fro?TlJla Lt]uer"?
&. ..... , d ,e4 a - -1-,-o x - i - .nunl:tl.trJ1ul,0.i n1{ Loo 0.:uutJ ltr11.]ou5:au1dO a U tro ut:odrfufrt ura:trnt::1

i-qu. ^,s- _,_. -., ! J ,-dr )6 _r0n[Ma']er1.i 1 u0n01nuu.i ltyt.]flar]01uiU rlorytUnldlryt uacliorrliolo nr:1{.:rufidro,cy
t.t v .f,. o - j ur0n pr r 0n0u1nn0n1: [t tunl:r1[t]u16u Lua-.:rn:rsufr;irn'rytf,ora!,rriru eirviuriryr:ruav

zudrnjruri8'rvra6u 1 ruiruYrudorn recycte pET iudtlirrro!,1 n.rruyuiioliluldr{n1u I6e
3 ua, a e ! e
a1v5lJ!nUn l0.iryt1!m :x!1utlasrliaitrooSlud?u r[Judu

z.q.t.z. ilodrofrf,l (polyethylene: pE) nofr rofif,ur{lunoilo6ilu (potyol.efins)

tinrafirian:In:rairlvrlrnfiuavnrrrniulldornno6rro'[i[{r'![!ui.rr.lri'rtorrofi6u rouo
aoi PE a1!'rrnutiroonrtlu 3 riootrdr{arrr,dxr'rurv 6o no6rofi6utfirrnruuur uriu
sir (tow density potyethytene, f DpE) firirnrurixiityrrclldal 0.910-0.925 firjr azuranfi

nr:vaoroirto':ru6n !:vurru 1looc Inufrlnr.iair{rranarfluuuufiirri'ruyioartr (branch
potymers) nodrofr6utfinnruuuru u runarl (medium density potyethytene, MDpE)
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firirnrtLrir.:iir uvrr v'lurirl o.gzo-o.sqo r,rof, rofi6urio nr rlfi!1uilue .! (high density

polyethytene, tDPE) firiro':urixrirrflrcludr{ 0.941-0.965 fidr qruv4finr:raaordrto.r

n6n !:rrrru 135"c Tnufrln:iair{luaqartluuur6lri'u (tinear polymer) PE lilavaro'tu
oi

sr'rliravarulo 1 frqu,r4i#or urifiqrura4fiqrnir 100oc ovai lrnavaruldlu6'rriracara

rr ntalo:arirouuaclolo:i rurflolslo:n rirou rdu toluene sylene uas dichtoro-
--dJ-ethytene naf,roidufifinr:zutnras lt rrufiuorjr r nir rmrr 1ci'*ri ropr Lac HDPE Iflu LDPE

- J *J a
fiaul{niurrnlu:rlilaiurara6n lfrorornarl"frfrrvfrur 6flvtiurasta utavnr:fr ropr iurLl{

- i *i a o i - a
nu!1nLu51lY,/a a1afin Luoln1n6!!oyLyuu1 fl9ryuutlasL6 ttaynlly] LIJPE ,J00uaa!tya'l
; - - "". 

o !, d
911 0.i n LtL!1rflailo1u Luta inlt!3li551vrn0{ n1:r.l!no1un?1t.]t0u 0.1Ltvl''1fl.:u::01rut]U.l

o'ri4'r5u'rir{.: n.lra1dfintio0{[5u uaonnrur'{ uravtorrdurarafi nrirs 1 riJudu nhorfiruri'

oin recycte LDPE ld'lirfiiravuavilailnarafi nrflusiu HDPE finruu6r*:urnn'j1 LDPE
i ' - -X- d v

uas!An19 v tllt{ua.lv:o1ju uultLtvl't tlou't yt011alafin n.iu1ltutnt0,i swntl 0.i1uJan1
@.y n

uaun.rnalafrntioi ou rfludu zuFnriffi{orn recycte HDPE ldrirnrtuul;iorv1:d'fii rj"!'i. 
",xuaslrl9] [au1f rlelnrJ1 rl lumu

2.4.1.3 no61':ianaolrri (Potyvinyl chLoride: PVC) PVC a1lJ1i0 uliur.]16nr n

rJfrfiiorno6uol: rt't'u u!!:1r.ro"xroilrianao1:ri (vinyt chtoride) ouoruoi PVC r{lu
- t) a

iloa$roifrut.r nl:rv hifrfi frn':rrrirgirurrvrj:yr.r'rru 1.4 firir oruyninr:ul6uuaorusnd'ru

urir i:vmru 80oC uayrir otuunfinliuao fr':ro{zuen liyu.tru 212oC fidnurusnr:Gald'r

tulrlrosurnAn rirtritrjnnarfin lilfrotr4 vrurioart [nfiaMTn au a1olfflu tetrahydrofuran

cyctohexanone nitrobenzene metytethytketone uav cyclopentanone tio{ain PVC fi
alrifi udruri rU:rv uavaalud'1trii1ulfi onnnruiouyioua{ [on n".:tiu rioudl pVC tdNAn

.,i r , <i ,- , , .j - , ..CrlurJannfrJ?lo1ruun0,:!nl:[nta150u'] aIt!r 0!5u!:ia unul.iorjrl ar:fr16lal[!I
Gan'jr ar:r6lusil (additive agents) ttiu t{aldfinlt[toi (plasticizers) rdolri' pVC fiaruils-
t=u uou6ooniunusi (antioxidants) uaya1in.tan1flsiou6.:o-an:il?Iota0t (ul.tra violet tight

) . !-

stabiLizers) rfiohidrulrrusionl:aa'ruo-?nl nlrfiioroonSro{luuasnl n u6{o-artilt.tlo ra n
'i " 'rl1!419U tUU0L PVC LJUltttyt',ttuu vl0u. lt0910110n5 ouJiyrl_uuln1{ 1;{rfru a1uu.t.l

ru'ru:0ulei rdorYualu aurutila1uly{ rrxoflarafin rthfiu rit,rir recycte pVC l,firir
rv{oifirooi lrlrtrylJ::Q Lrayraio.irdu'hau1! riud'u otirrl:isrrl pvc kiuyurvfiosrirtr-fld
virnrruc!::o oryrilfioinrn pvc d'o.rfinr:16rar: rfiruririirururrnriourirh-fldrru 6rar:

,i .j ,rynlIo'tofiaooonur cluftJorur:frl::ood rio'trirfi oo-un:rurioqtnrnl6'

Z.q.t.c nuanrrnodu (potypropytene: pp) yroFyr:0fi 6urflu,rofiIa6ilurfi orafir
- -s iLn5ur.rLnolr!rRSurrodmol:rrd'uuuu:'tL6'1 Iounlifrocrmiuilt'trl'd"yfnllra naalos'[d'ylo

A '1 e  du , d . Jacarl.l0 Ltr{tuuuutn001oruruy]lJel?rii rrnaoi_LL!rlrlr fir'lfi-Lriluraqa fr frIn:.:airluul
toltuvn6n riJu;irulvr! pp rflunofiuroififia'nrrusir{,runjl rviu? vrurioai:rafi firiuua,

.,jn?r!:01r ,nroi'r!rii{1i']r 1v 0.905 frFi1 oruyninr:rU6uuanrusndruudr lis!1[u _20"C

rnr oruunlnr:ya olo-rto trua-n :s!1ru 1 70oC ilartr:nt{lrutdfil 1 40.C alri6nr:



{o1a#o.rocu drfniYruuinr: rulrinutfiuqla:rmrfl

?n fiql
asaluro.i PP nArufilro.: pE 6 ohiarr:r: navaruldlud'rr/ravarulo . doruvniri'or udrv

agarul6'Lusr-rrirasaru'[oln:nrilouuavoaoiuurn ntoln:nrilou fiqrura4iqlnir Sooc PP

lrurion:nuavrlariluodrrd uri pp frvurionrrliou [ar uacfr'1oon€lodtdrioun'ir PE Ll,!:ls
J.

l{uo,r PP La[o:rouovnorfrrnnr{uocri! tertiary carbon o-rriu6lsiorfinr:rfir ar:t6rusir

l:srnuuou6ooniunud uasar:nlantrsioualdam:rhlo ranriourirlr.fl{ru pp f,uildlir
i , r J c o, "lrua'ru:fluun 0r?vu v:oLv:flfiu 0!n:turnl0.i Ltnlu Luu'ruuast'tfiLato50.tU:101u1: [Uusru

druir recycte pp l{lirurl:wirnll aso1o orJn:ai6'oznorlru{':uavn:rodtaiur:trllu r{lu

oiu

z.q. t.s roialniu (PoLystyrene: ps) nofi almiuairulr,rqiqnuoiurloar.lfr fi3ur
- U J'

r,{oituol:rr{uulr:u:frr fr!10'ior1:u[]uoula6a:sornaloriu (styrene) !ouot!oi PS ocfi

In:rairrhranar{Jurulrovuvnfin rilun oi ruoi o frrugru ra6olilfinrultuzuf,nlau ocfi

a'nurusu{t la r!:rvrracltnnu'nilu vuriou:rn:v uvrnld'sir PS firirnrucir.:uirutrs 1.05 uav
. ,J

frrir oruyninr:r Suuaorucadru [ri': rj:srrru t00.C firir oruynfiyaorlua !:vrrru
ZqO.C arlrr:navarul{ilu totuene benzene chloroform uu, -r,0* tetrachloride PS fifi

In:rairrulu lo'[tuvrnGn fi atLr:nrniuukiornrJfr fiiurnoiuol:utt'urrulnooi6rut'ufi i
^^ - J - i ,-

m'tL:n {ra0t-[unnl un!a!!n tna tnu{n!av [ynn n P5 0iuuo.i ttuul]magrL0 LrLLynn n P5
i. .q,.i, .a !,llorirnr:rFrar:rdrusi':rrltioarhllirlri ps alLr:nrjrhJrirtuairu{'rEu fiudrunrulu

:nuuoi blu::ri'oyiar a fr n dtL!rnnranfiu nii ol rvnjnra rryZi6loZ66 d'{ ua crrnr a raB n
q'..

[uurlu alvilJ recycle P5 Ltyllalf]Lallj nlnLdLn:orttuu uay lot.t!'tuyu[lJUu:0u1.J0i Li.lunu

Z.+.t.6 vrofiu:fia nyrniram (Po[y methyl methacrytate: PMMA) yrof,urfra

rrlrrnirao arlr:nrniult6'ornrJfrfiiur yro6ur:o'[:rrduuur:rr:n-rtorrlfiar!rroirasr

(methyl methacrytate) rououoi pMMA rfl unodmoifiia-nuruvlJillalrnuyfi ouudr i
ntt:ruiar uav u{{ Lrilyruyrlr.ulrn firir qcura4fi nr:lrJ6uuaoruvndruurir !:cltr6u 105oC

uavfirir orura4flr.raorlva 6rn'jr 200.c finrrrLrixdlr '')y 1.19 aur:oasaralffLu toluene

benzene chtoroform [av ethyl acetate rfl olorn ptr,,lUA intulalrn6fldrireitur.J:vnor
:nuugi rdu viarafinr{rtr,{i'ru biyrir b{r#oruasydrflor{lsir.: 1 lu:noud td'rirrauai lnrlyJtr-
vrirrir lrnSoliu rafirfl orurfi nr rlrairu6'r *avrlrrl*rurur r{ludu

2.4.1.7 uof,nriloruo (potycarbonate: pC) oenli!orumriJuno6roaryoirfio
i . ,-d.taru{ al l:0ri1flr:rn5urLLoyaroi6 udi5friu!60 lniulornrlfrfiiur:sra.jrl r,{oa6u

(phosgene) niu tafluoa Lo (bisphenot a) lu:c!udirufi6unao1:ri (Ctrctr) rirrjr ua;fi
5 4 'r { .i- i oyLtldurl lofl:on hautlusr,-,:riro'n Lo]n:rounaol:oifrr o{u lrinaruuflu NaCt oanliuorun pC fi

avanu yrtti!1n L!:.lLd tJnlotuynunlt[lduudnlusnaru uflr l:s lru 145oC uay oruynfi

uaorlya!:slrru 250.C finx1!ri?ii;l[1r.ty 1.20 arllr:oacaruldlu ch[oroform methytene
chtoride rtas cis- 1,2-dichloroethytene pC r[iur,roimoivr'i:^orrioudr ruvr.r 6rfinr:16',:ru
o'rn-n }iuri l'fiuvu Pt.,tr'ta rfiodornr:l{rufioma4fi4r 1 1t'Luoorarun::r rniorldtvlfirruav

15

khanitha
Rectangle

khanitha
Rectangle
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6ran1v:fin l{lirduai':utolutntqoC ,Jrn:ouihaib.Jflr rirn:ca nvdrvrrnfiniro':nro uas

tu'lnrr:16n15n rflu6'u

2.4.1.8 lnroar oiocnilalrllm:.i-irnslo6u-atmiu (Acrytonitrite-butadiene-

styrene copolymer, ABS) ABS nr:rsriur ABS fi 2 i6 6o tuau6"r (btending) Ioonr:zuar

artundtor styreneacrylonitrite copotymer t{rn-u acrytonitrite-butadiene copoLymer

uavn:rrifir (grafting) ta.:alniuuav osn6lalu1q:d!una6irnv"[o6ufioglugrJulr-rar rvrnd

nss iart6unnri',ro,iuuunl,Jiunnor6tJ:cnou!olzuar nrlrori'rlrlorrr*rn:s ruvnld6n'ir

uavloeiouor'r64rn'j1 PS ABS r{luvrodwoifiin'lufiuura': finrtLrvflu':uasudr 6.:tdlird':ni
- :, c, - e- -,i0 Y{l{tJ1au5fl tualusttuu Ln5': oa! v!1nnuu0n [ava1n{Llll{1 [1Ju9ru {laflJanflltJo.l

J
alaslnu"oautuo Louao.i L't Lunly{v1 2.2

RECYCLE

PLASTICS

ta
L4J
PA.LD

toll)anDa td oalY
1l*rfitrr0,r.r!il.r.1lir1

/)
CJ

PEf

,@&rrt,B|t tEE+ix rrlt
(td{ritrsirl.'rtlr)

/\
LsJ

PP

tl*lrr*o

,)
L1)
PA-}ID

,otD{nta ter Frrt
(lfu*r. -Illn.r &{0

n
Lq)

PS

Poo'|Er.t8lt

tLtleful

/\
Ll)

wc

tl*hbaot{t

/\
CJ
OTHER

,filit

tllytii 2.2 a'ry6'nuoidtaiunald6flfl{r6a t5l
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2.4.2 lvroiualgnf, r (thermosetting)

rv air or{o fi i rilur a raGndhiarur: odr nduurvaoutd'1vrild udo.:r r nfi

In:rair.rurrria tiySoirluy ovdrnr: roiurL'loilourirrJfrfiSarr,roiuol: lr{uuunrr urju

rorrouourLoi 2 tfio uroSrlorrsrfirfiinr:ldrurYrrrnid'rriahjd

2.4.2.t fluoarioiula6'[aei (Phenot formaldehyde: PF) lr oroGanaru 1'jr
filuo6n (phenotic) uavfo-nriun'h.r6orrr nr:6r'jr urnlna'[ar{ (Baketite) qn6'unrloa Leo

Hendrik BakeLite ldrirnr:oovrvriuudrivrd 1ufl A.fr. tgog pr roiurkiornrifrfi3urto.r

iluoa (phenot) fririoir:ra61osi (formaldehyde) Lr!!nx!u u PF fi6'nurucu6r rn

hidorat]u triraaouuacbiacarutum'rriracarulo 1 #r3'u finr',r,rixiirurv 1.25-1.55 ilu:r
, d3

on[oy{oa!n']: ufivurl: i00 [onxr']n vrtLrt.llrfi{0 Lfiuou !nfi PF ouuart rtu aulnlaun uav
, & ,.1-

Srirrviruiu usiioolnatr:nzuim rtJuf,qir r 1 ldrilfir *aruavhJiruar pr vrunrrrLSoukifir

zoo.c 6riull'fili1oitLd'lio rlurio n:vvrv drn:ororuijra:ouuri uavnrou::1ar:unfi rtlu

6',u

z.q.z.z ruariu-v'{oir:radlao (Melamine-formalde hyde: MF) MF lfluosfilu

uaraBn (aminoptastics) tinvir rmi ur:ldornrJfr iiarnoi rrol:rttluurlrln'lu u u:cv'jr.:

uarfiu (metaminet riuyloiura6losi (formatdehyde) Mp utlurvroiroutnBldvrunruiou'[d

qrfir t to"c finlrLudluniurn druyrunr:finrjruli6 firirnruri':riirru'rv t.42-t.52 frau

l{rirdrusrlrarafi n uvloif, rooi uaviaqiJnfi r16v (formica)

z.+.2.: qGu-vloilradlari (Urea-formaldehyde: UF) UF al l:0rmiu}]lilounr:
rilJfrfiiauoFuol:r{{u:su'j'r{grSu (urea) n'ur'{oiuradtori (formatdehyde) ollfinto.rrual

to{tufiaoauGu (methytoturea) ta.:ria!t!fiautiufirindu aur:nrirrJfrfiiarntuurjurioh
J ,--- . - r r,tr -r ai--

,l'lU LnAr'l'l13n5O ttl0!l n:U1o'ltulra 0llJ tl0 U 61 0sLo tr t:U-110:tu14o tEoylLlln l{411,!UULi
"t4,irrur,t lour,l*rh.J UF oclauu5ndru MF lrn uei uF in'rllryrunl1rliouuasdrldfioun'ir N4r

irfia'nurucnr:l{rrundrun6'rrYu lou ur ldrirrirsturilalflfinfifi:rnrnnn'irdrotrl Ir,4F

u0n01fl uu.: Ltula'trr{ UanLYi rUunu

z.+.2.+ nafigirvu (Polyurethane: PUR) PUR r{Juvro6rloifirniuuldorn!frfiBor

:vy'jrr lnlolrhuruun (diisocyanate) n-lar:!:vnoufifiral"lon:onia rtiu loaoa (diot) 6'r
. i-'L{ar:tl:snoufrfira 

Joo:onQar:rnn'ir z rail (potyoL) osvirhi'kivroiuilvrufrfiln: lair rllra.ra
; " u - ," ) a.

ruurfior.Jhiyi-oirrur,r 6ruiluuvroilorrmfir puR ldrl:vlatrikiraaro;rJurrl lduri 1.frrfluL,il
(foams) ar:6oudu (etastomers) nrr (adhesives) nara6n (ptasttcs) uacrdu'lu (fibers) PUR
jcv, svttt!:c Lutuolullaldnn tqIn fl1LtJ[nvaanrrut.l 14u:Lyul]ru t1,'/0itLooi14r.tylx.lura'u:nuuo

rilu6'u riryirnr:'ld pun r{Julr{loyi 2 ult 6a

t) b^lrLnoiqirruaiou v6odnvdu (flexibte pUR foam) lnaoyldfirr
nriloulooanlrsi (coz) rfluar:tjrohirfio1y,{l (foaming agent) rirtritdblldfrln:lair,:rilu
rta;iriJo (opened-cetI structure) finr:rfio nr:rfiout:rlrioa fiaild'rir rrryuird llrv:nuud
; ae
11UOU 14110U llJl]nu
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2) Ir'hno6qirvruu6r v5olilOoraqu (rigid PUR foam) Ifluocl{firs
nriroulooonltri (Cor) r.rioar:rJ:ernvnaol:v,laool:nriuourflurl-:rirl#rfiolv,h (foaming

. 
",*^ 

Jd< )
agent) vir11it61ylilfrfiIn:rair r rflurta;ii]o (ctosed-celI structure) finr:tfionr: 16ort':rra.t

^""arlln iull{lilrfluauxu rdu lvllLldrYr{r,Eu n: vfindrud.r rirndorb',hu::ooryr: ldriutor
unnriuyru:vy'ir{ruri{ uacltludrurJ:vnoutorriorfi oaerirvfnlorrSo u{Judu

. ^ - -;"e , . - .*'va- - - i
u0nl'tn tv0:u0 ttnfl{o':vrLn nal'ttJ'lua? u.l tyl05}.t0[tgtg].lyltttlluflala9lntuoau 10n

lduri dnond (epoxy: EP) ldrirnrrnrunrnd ldrfluairuzuarlunrrarafl'ly'lt!oinalatfioddld
.3 , . i Je,

I^tua?u[aan0u ta0t tn:0ruu u,ac:nuusr rljunu uautaLnu (siticones) vrtlulj0{u1r.l Ltvll

lsrSu ruasldyrrnl:wryrd miu rirvaoorfi oorfi url fiuri'rloufi al r{Jlriu

ta
2.5 nlr adaurnSa{uu'

z.s. r laurllirnoiaitliu:suuva dour6io.!uuri L6l

lnurlrrfirsroi6oirrtluqrJn:nJfrairn'qlu:vwroaor unio.ruuciirovrirvrjrfrtl:n
.i - ) t)

rfi odrunr:vuuviorijulvaorr rnahirirrn5o.:trudfr ovdurvnaou 1oufr ovatJr:nuao.rrir
i.u:iufl ua u n'r'rrt n'r u r ul1vlnl:tl-linfiulri vrnu rnrufrrvrrnr:luatorrfrrrruudr

lourlrLirfioiuilildao.:tin6o Driving Dynamometers 6olourlrLi un oifioon u:rritlyao
;a ?, )a

rdu1yaofirfluflu yso1yaofrufluooumiat{oi t{luoiu uav Absorption Dynamometers 60
t). p Ja < t - )

lourlrlfrrooifrfrvrirfrrlu'[raanto.rorJn:nifrovriurvro6oL rdu r.rorrloiyr-oLnSo.iuud 10u'r
. :<', . ^ -!tJlrl05yt[t1J{rlll.lyann15y]1i'tulJ 5 tufi fi.lu

2.5. 1. 1 10u1fi rnoiuuu water Brake 1olrhfi rnoitf, nfi fi ortluulurYlrarLdfi
- ) i q. - -,,syann15.i1u 1lraLntJaLu:uauyu.i l0uLou'] [n 0:tuf]u0u Ltyannl: n1tn!!a{[tlJlJyuo

i- .iq ,.-: 3 "..-(Viscous CoupLing) lFrufi,iuoviairurJ:; norrad"a6ol:rm oiuruhr{0frlrJf,urjrdrlri'rfionr^l
{ d - t - io. 1 . 3yu0 tU0Lflnn't1l]yuon0sfiu1un1M't0urnon1: r!ln LourrS.llJfry Lxtll:fl{r1r nu:0u0u1tu0u

x ,,.-
rYrrJirrrurir yr.r'runx''r!'ildrUirL1tud1r1nosil^l#Lri rvfioa i uas ur:ltoffldur:nfrosrLrnfiu

drt,nju16urfru lourlrLfirnoiruur water Brake dovl#rira-r4.: loudr:raur:aairr"ldluturor
o u d n i- , tr tr i - , .i

n1a{fl4{lutJfuyyr!i1n10nnl1L.1J1J0u 1 LLas u.l!n'tlL ta0uo,roflo'tu [fiou'tILtnal [u0inln
"""".

arua!tfr ro{d1d1 [rinr:nrunrlourhiuqoiuuu Water Brake fl n:yrirki'rioudrlurn uas!"u

tirdotnr:nr:0 uainurodrrd !onor nfufut"iflr!.r''rifla;1{$i.riflfi rYnfinru lSrautiyio
a i , ia- ;-nrurirol"r 1!i'{orf,u6nodr.:torlnurlllrqroiuwfr66onl:frriurirrt:ld'ufiul Absorption

tvtode ryirflu viono.:'ru 1 drriuhiatn:ooonu:lra4urfiotnlyaorfln6u l ldrau uonornd
v .{ .Jo u ' i 4 J- y, J 4 , t t \';.l0tduvralntu0u1ryu.rn0n15yruuLr.ta^u't:fl01u1rair'tuytt!:nnuauyaiiiluLo ruy!18a11r.ti.1

t,r",ororgr,eui^lu-oo.u1unr:vrnaou'lrJorj.l.lt'ur€, ,rir,r.lf,ftru-,frfirnoiutltl water Brake '[u

n1:rurn[n{o{uueil]u''lo 100 fiIaind (rj:c!rfu 133 u:.iil) riuyr:ruoru.jr u:rdo.:qryrf,u

na-':{'rurulo!:vtrru 100 ilaindhlouliu1u uasulnA{rilunriyrqaa!h:uuvur.l a,.l.i.tu
J- g g ., e cefrrno{uloc Fi,,vrnra rlr:rfi6ol:vr.,runrrr:ioufrrfrno1nnr:yqaoufil#,-u6nei?u
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2.5.t.2 tourllirnoiuuu rddy Current Brake tourllfi rsroiuludorr1uvfinnr:

vrrrb.Jflr Inerli'radnnr:to.: Eddy cunent dovrvdotiriuluuilularavdrarluldloul'8

auuurjru6n uavovrirt#ur.iular,rvduionr:6rgrf,a uw Eddy current rir'l#uilulavv

hiartLr:nurukiodrr6a:v vSolrqrlu 1 naoruavonvurqa: oru:nt#vrr:{ralrl'utor loui!
-i ." i v , < )

u:.iuflrru:n0v lnvS0t0utuour]un't'rr.rtlJ aul'.lrt [van {{n']''t![1lrau1 tLl.]tuanuulzuu
- ), ov . , a - Z - in ra

rl:{n-unlsuarnlu Lrtoal0ail.iaul! LLurvdn ri.:1lut51a'l!1:nn'lun LL:.llJovlLlJ Lun15[t:n Lo

i, or- i. - S, v
ilnnrvu6fiiilulfidltoarnfuro'r drunrtLfrl{rad'nn1rr1l1Yh{1 rirl#utraur:onrunriki

J d e 4t
0u'l.iLurutj1 [aeru0{n1n [n:{al1'lvlilu lunutou n ]r'1t14 tr]fl0.inl:n15Quatnu']lJlnun ttas

.^i1 J d
aM:0 Lrntu1n Lvfu 'l Lo un0u1t Ltnn''11.i Lou'l [l] tgloltuou nvn?1]lLaouA.i uasilt1n1

- .l-- J
FiAUIJ'l.iai LtU[nU?f]U U,aC!UI a1tJ15 0n1! A]J 114611.i U5 {lJO?',Y{ nOfln',l',lll t:1flUU141001',]l.J t:',]

ol'r 1 ti ronornfldorfl uSnotjrrvfi'rto':lourhfi rmoiuuu Eddy Current Brake dostvfi ouniu

lflurfitoaiuuu water Brake i6onr:rirlruldufiui Absorption uode rvirr?u uavnllfi
Jrr , , \e "t'[rjaur:nn'runirilufilftunr:tu:n6u{ur,lairdrul6' fuovv raorru'jrti1nu4[U[eu a-': i']u

.5u " , : - i- ,.j- g ;
14 tr LunlrLU:n LU0ul.iautt{ [aru0no1nuu.l0r0{v1v'1.:5vl]1uaan,i'luvllnoluolnfll:t1.1:n tn

9.,9vldd9
0sna1u[Uufl a{{'1uo11tJ50u!14vluv'l':v 0no1u

z.s. t.3 lourllirnoiuuu Hysteresis Brake lnurhfitfioidorrt'uva-nnr:vrrlb'lflr

ruafroun-ulourllireoiL[1i1.] Eddy Cunent Brake Ioufuo;ord'uvfinnr:to.l Hysteresis Loss
aS

ro,tryA nlfiaouluau1!udrAn1lifl1nrs uada'lr rirhiufinnr:tu:n lnuairur.]:vnoud;irdrgov

r.J:v norhl drul: rnoi:rlir a uavroa?ofinuai1{aul uri[u5nn:vuaad'r lfiorirlfirfin
ir - jr-

Hysteresis Loss frI:rnoi nlnvdnn'r:Fr-.indlrdrrdu r:rovaulranl!n ur{iofrt{ru:nldTou
,i

n15n1!n nl1 ltuuaun?1!01r0{auruuriuainb'{flr lourhfrrnoiuuu Hysteresis Brake fi

arrrlinRild.ilurdu16urrirlourhfiraoiuuu Eddy Current Brake rsiqviturorira"lfirdnn'jr
,i , - , , !' , 31n LorJqrulo luniraoosaEiLufll{ 4-5 nLaiontaluu a']ultotdullo.l Loul L'.lrLm0:LLUuu0v

ndru 1 rYdourllirooiuu! Eddy current Brake 6ohiaur:ou!:ndnrrutirsr:r 1 ki drrru
, Z iao

tdrfi u.: Absorption Mode tvirflu uashiaur:ndrunarlrufrl{Lunr:rr:n6u{ur,reiliiruti

2.5.1.4 tnurlrLfirsloiu!u oc 6o:c!ltiurnd ou! o ro 0fl1'{fl1n:, L[as]l{ L[uu

4-Quadrants raio 2-Quadrants 1o urir rflu:vrurfu rnA ou! o rtroflr'hli n:v ltaoi.i tturJ

4-Quadrants oclirl#louri reroiurlr oc rirrru!ivr-.:aorfior1{n1:}1uu uririrriu:vur
",)'tTurn6ouuorsroflr'{n:{ [!! 2-Quadrants oylir}i'lnuri rnoiuu DC rirlruldrfiulfinyn.l

. -_d. d.j " ,.&
tflU? Lflr.J1Lll1.l[a0l[tlJu DC UIJOf]vlA1 'l50yl'].:1u Lfrr.r Absorption Mode [av Drivinq Mode

loau:r0ofrt{tunr:rurn ;0fr161un1:rirro6ouoyduodrirn:vuaoriwlooirouornofll,ln:.r
-&a a A , ' 6J
o{uua.i[1Jur:o{n1uttayu!uurrnsn?lalu:.:ioto,:1ourlrifi rmoiuul DC uavuonorndnr:

, .; v ,q t oo u J --:. - | r amo!duo imonldnu{0u Luljuo0nolu r,0orai1nQr0.i Lol.J,) [r]Irnoiuti! DC 6oa1 1i0t1u
- 4,a I t- \y y ! c. - - r.i
a{ iluyt tttunlsr!:nnuaLlfi a{n1u lfl durt0.ir].]o1nn15 Lt?{ i:15u{n:yua[wuiolifr a,lt.l.D0

.te v J.Dtufla.r{'ru [yanauyin lfl y!.'] un?1,.lal urly{ai'llruvr-'Li-Lunr:tli nocuy1fi1a Ia'tuu tr,]6
1-1_.-.9,. " -"1 4 l to ct , u , ,!ut]01ruust0,tyl,i LU Lu:ljlJ0.in11!i 0u r:11!dlLilumo{doyloU nta:ioc:vU.tu d{,!..tun?1r.t;o1]!r
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,&&h. - ,, q.! . ;
t[e]14{u LtJ [o14u1un']1tJl1 a{ r'ru Lunltlu5flnva1t]lt nilunuuva.:01u Lov rvuo 5ouav 100 Uu

.)!-a
L!U[Vt:1yn1L9tU'l L !trl0i uUlJ l]c yrlJlsn0uolutoto0: LYivilnlvua$5luas1{ nlt! Lna 0u

tLo[ooftylfllniv[ao:{finirqru[euniu'[u6'rtorrTuro.: urivra-r.:ruaryrf,au,lrirflfirirlrl4lrin Iou

6'rro rnofll./flr n:v uao:.:osfi!:vilr6nrlrr.Jrvrrru ia uav 80 uracsr-rri! raf,ourlornoflvrrlr

n:vuarr:lavfi!:vfiyBnrurrnn'ir ioaav s5 rio66n{orairfitriaur:nv116'ornlnurlllfirmoi
i, v i. a - i-- i < i

tluuvr]1u .'l ,.r1ltaluun0al!']te 0s Lvr$.luovtYlnora11! t:1n1 1 0u0{n?1r.r[51tvr1n!fiuu Lf]

lfl urlufu moiuu! DC nsartlli0sonrLornoifi ovrirnr:roao!viornio.:rrurifi ovlirnr:vnaor
-< .e - ' - ' J--rv

tvvuqu': tou tvLL:.:ufiLrln!n1rv,lno Lfl

2.5.1.5 lourhfi rnoiurr AC 6o:srrrit rn6orlrLousroflylfl rn:s uaaai! Iouov
JrJ:snoll di urr o:niu rnfioulouoofllhhn:c uaaa-! uac o rnofll'{flrn:cuaaa'! ratsroi

., ""! r 4 a i J -
01nnu L!u Lovt.tuorfl a:Lvuu1u1t4:0x.toLno:L{05 L1 LuttuuyIu0tm0:tt0l LlulJu'lov tann?1!L
" -), - i , . a
rirarfrrvirriu urififr:rnrfrarn'irrLrn rirlvilnurllfr tnoi[r!u AC osl{rotooiur! tuf,u']dltau

r{lueirulvqj uiur6ur fi'llour1ufirnoiuu.r oc frlir.rrukiri'r Absorption Mode uau Driving

uoae lourld roo iurlu AC 6dr rrukivrvraor Modes rdut6 u': rir-l r,ra v rir u rrnlula 6fi rfl uti
odrr:'lnlSrrorhln:}l:lsarroirir'lvinr:o':lnru:liororrororoflvh1rn:sttaad'urtlull-lod1.r

ir uor ulririrro slio1n nr ln'r!n!!r,r.flulfl',n:g no r ro 6rdlrvrirf,r{luh.l16's r nrrnlu
) a ,t t a " ! -arirJriau rfror or nrorgl oilvh{r n:vuada'! 10 u tarlsro tmoiuttr ruu a'ru'ruulJ ulru{'rao{

(Modet) fiq.:urnn'juormoflr'{flrn:vttam:urnrL1u rirr{Juoiolord'u"r:n'rurruvxefinnrani
.j, )oy i , . i d -.ioovyru {uln1110 Lynl:n'run [!u LlJ0u't{ry u int{t[a3 tt!uu1 tirYlf]Lu La un1!a1:nnF]?u'tyvt1L14

. ;e ! ".elrlIn:hJ:rra uroifin'lrrLri'r'Lunr:rJ:curafrrirf,u!^ ndilf nr:arun rorsroflr'{f,rnrs uaaa-t
v ; oed

riluhladrr.iruoru usiodr.il:finr v'lnri1do.rn1rfrnu1fifrnr:iirund'rmu6ueiuuriliiru'[udrl
ic . - ae, tr ia, q,qx
, Lnu't L!tJrn 0: n1a irutnnt!ud.:vrt!u LU Lsr Lounlt [t1r0t,5ui n:sua Lr!u']0a1ot (Switched-

mode Rectifiers) flLfindrrrulvaldaorvrrr uvrufixn:[iuinlvLtafitdtoloo Iour.to:Gu'!
-a- rJ-J a aJ

nrvLlauuu']64?ntul]tor:unonta i{60 PWM Rectifiers {o6tornr:1{'lro:6u{n:cua*!r
-c - .i . i - g
15e10tuuona1nnv11't 11411a{.!'ru Lvana!y'1.: [o[a'l u rvll [146't:li0u nt 0.1o:v uaol! Lulyttn nlu
<,,t a .ia. !- a--a io "tJn1n1 lnuasml!5sn0!nla.io1uLtJlllal Loa rn8{yu,10no1u u0nnlnuu.i!0n1nyt.i LLnl:r't
.t, u d aio, -_-LUy'/a{{'lu Lua fla!n!auya.:01u Lo nn 0n1: !t?.i n5 t5u{nSsuay Lt ScR 90:x!nu1{0:t5u{

-hq t d io, v u,!-) -ntvua u!!yr tt Lo L0o ?{n:$L inlsua, Lrl,{aii.llu Luanauyl { Lo!!-toL5un 6nou1{41 Active

Front End nr:cirulra'rlrudu{uuarirovurafiounillnurlrLiunoiuw DC drurynluladdrunr:
nrro! ornoin:vuaaanrriunr:orlnrLulur.:nrnoirirhi lourllirmoiuuu AC arlr:oair.:

t, --qy y ,J c i,![: ]!aalytu[utnyn']y{rfl Lou:Jrlqytn't1r.tt5xsi.t .l y5onx1Lri.tfi uu
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2.5.2 d'xuilrdlttun1:radou.rrr:0ucraio.ruud [2, aJ

2.5.2.1. nr: u.rrlvilu raioruusio'rta ornr nas ono'o"[un:sr o naloun:vfirl'
J d . X -40 14ttanfl0 n0uvlanau0u6l.10nfiuusr1uLJu uluuottanv0fraoo0fl0lnvlQoolunlrtouuav

a """i - i , q,-
all!ri?a.i rir'Lririrriun:carar!urJ ouar o o.r rfi o ror n'irbifiurari #nr rtio!or nn ruuo n

v J .j "o* 3 - - q,q- , 4 3 - d i 3
aln1flfl 0nnn00a't0ulor.J tlr ovr0J111Lv Lou1!uafl LY{ Lola.: na1'tn0u'r uun ttav 00101nlJt.l

f'r6ou:roiurl:srrru 100-200 kycm3 ov{rriludr rdrh.fluriorrzur1yrj6.rfin:uoiurl:vrLrru

30-40 kglcm3 raso6uunfi :vrr16u 450-550"c oxlrriouornoinrolufror rrurlvfifi rirurvrrir

a300ru'ruuy'ttMar00 ru1,.lunalurllu L0 a1u01n'lfi yfl 1uryn11!50u00fl nnvruua{ 01'tt.l:0u
J, :."' J ".s X-- " "a ",-i J
vrfrlurvDJ'rrlJutl.r.1L0111r!1nrovr0evr'r[v101,0.r1r11.]unn0osrnLrl n1:Lzu1Lvun0v [uLnotu 11.r0

: \ . 1: 4 - "! tr - i.. X, -i
Lnofl155vLlJOtUnltt,-1tvl]0std:04ut511450t'r1ru0gn!fl'r51.:v100n{Loul,o{u']}.run :uun1:'r.i

- I -d- ' ) a .
loon0rouro':dlriuirln'lucirdrgoionlirirllvrilurnio.:ouddr{a 6rnr: lrurlvrTlurnSoruusi

-:,6rrafuaur:nur.j.rli'rtlu q dr.r6'.ri rirsfr t 6odxlnbirirdr (lgnition Delay) 6o rjru:ar
, a;, ^ "" - - iJ - q , i- , n

5sy1'1.!yt[5!ofru1lJu0un{0frflt5t.rn0rLll t1ruiln111.]41nru!1nn0a!::nust0{tn:0.1u!n t'].i
'-;oolildr{r.rr: r,zur1yfiosfirura uav t'to. rrnlorduovilou dl{1oldei1d'- fi6uotirYr Cetane

Number toru6ornir osuraninmlfruro.ini:dnuasn'nv u!iuuro.rfi1n'lunru!onaudi{fr 2
- I . ._

6orjrrnruoiuriutSr (Rapid Pressure Rise Period) 6o dr.rrrarfrrilfinll,lou6{nxlleiud.rdo

drdo:rnruriu (dpzdt) 6uu5lfiuhjovrir'lrirndo rrionuavrfionr:*u rirdrtorrn6orosnnoyfi
, t-a

alrtlafruh1o td0rL1n tl.ifr 3 6o'tjrrnr:lrurlvrjat: (Combustion Propagation) ntt:oir
\ "l ^ ! q ' ; - . ! i

n1:[rJ'r Ly].Juutnfitu Lutl.iyt 2 ua?rr9lLutl tuunl: rrJM4'la1r.ln, Lno 0u'r.l:10 L:'r!1na1]1:!

lurir.:fi : nr:auovrioaaritaroduudrovd'ra.r vi.rdur:rrrdourirfi andor{urod6ou r ov
{ -!5vr14urlaud.:n?uSoroonol nn:u!onOU 16orra.rfrsvrvuosn:sorul finiv!ona!utayrJa!

rir ornrnuuavfiotrkiohj urinr:fiolv'lfrar.r!inioul{rlarur!fiu uacdrlfi4 6odrr BLow-down

" - , !"" - -vi ovdrnr:uzurlvrl drrfirjrrjuraerodoudrurqirr: rzurlyidiartlsiol! 16orvri.:frn:vorulU:or 1
t - c A- c ", ! t- - ^.n:v!0nAljylljlfi ()2 LtaYA15oqrlnt 0 rtltnyltnon0sal!nO Lfl0U'l lt1 .l ttLillAuyrli'lAOoglO

v t4 - Y - ", J - jy o , : - , i - eJ i
ua'turlfl0yInou'tltut?00n!1tuo.:0'tnn']1ltnuyn''ti Luy0u'1uualut0,i1.J'uluytSlIlJ't{yt[5Bn?1

ni:doond'r{ (Secondary lnjection) o;lriaur:orzur'[vriodxauX:nild6.rocrirlfirfiooiu$r"r
or a i

uau HL [ulolauvlo0n!']

2.5.2.2 rir a-r ru: n lra v $: ii n

rira'1ru:n (brake power. eol rijurira-1fi iotdfi ryrarrjoryiulyiofi iioqu
a .i a, "-)""ttts tyi,n1aw0{tn:0{uust t{t1Jufl1a.iylu't LIJ Lt r1! Lollura,ly:0n1iU1LUzua'lnts Lra [?'h41 n1:iorila-{

o, tr 4 ld . ) - ,
LU:nolI{rni o.rfiofirEun'jrlnurllfi lo oi (dynamoter) 6tio{raarurfior loruovin oonlrlu:rJ

.tr
1J0lr0:nuav:0un1:fi u1l0.1tn:0.1uL01

IY
'b looo Q.1)
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.J
[o uv]

Po 6o rira'lru:n (kW)

t 6o n:vuab'{r1r (nmp)
a ) t .,Y 60 ul{rnAoultllflr (Vott)

y6o
2r.Tnpa - rooo- Q.2)

to uvt

f 6o u:.rio (N.m)

-)n n-a :o!tn5o.:uusr (revls)

u J 4.1
2.5.2.3 rm.i 1 u.rovn''runlaiL!:nvtonaM:0n1ul61.J141rr5il.l1 lnn'ln

enp = fl, rooo

.J
LFIUYI

8n, 6o rr:rrirul:n (hp)

2.5.2.4 nr:1{'n6'.riiurdorfla.iiilr lr lunr:rGulrfiurnr:#ur!6o.ttrdllrudrmrv
(Specific Energy Consumption: src) rfiol#uiufirnr:duu.Jfiowrd.:r',rudtdhlriorira'rflri

Llll'rvLt 0 LYia.iu']lrutlll]1u n^tI.:fllt ua u n1tt1n11r Lo Lt LLl!Lt 0r a{ LurMnuu0silvu1u
- ! ,- t -.j , - -!, dqe & i
ofli1aurua0 i rtoLlla illLLrlnsrl.inu oiLur110L nlt tlJlulJtyru! nu !f11o{yr{ 3 ttoryia{ 0iLflLr

3,.
n'tiauLUao.:fl a':.1'1u01tl,'t1g!1 [t LunltL!:uurvuL

,u, = 
hr"!uv

Pb

LO UYI

.3
sEC n0 n'rrAu[!a o {fla={.ill-J(ilryru (MJlkW.h)

gr, 6o rirnllioutorrdaurf, .: (tr/J/kg)

Q.4)

3 .. J -.2.5.2.5 n1:Aurudo.:r{arn6iiiru,rrcuas!:c3 3nt{rrloruiou lunr:moaou
1.i,4i-ri

ro5o.!uud nr:iuur.Jfroqtolviirovoniorituojsr:rnr:lyatollla 6lrn6oruudturo'[rar!ovfinr:

autu a0{ttorY{a,:r1n q rlutv10 L14d'u..1't:0u11! Lt Lun15t!Suuryru! Lnnirilyuo L1,lr1 rarnli
f,urrl6 olrfio undriilLtrly (specific fueI consumption, sfc) 6l r{Judn:r nr:lr,taflo.lr.]1a

[t0r a.inoyu?unra{y Ly00n!t [as t!l-Jnt:,]o!iyay0nrurLo.rtn5oluunlunr:1{r{orldllfra

ru6n.:ruoonlt
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(2.5)

s-l
LOUYI

:.-yc 6o nr:SurrJfiorrfionrfrrsiru rs (flkwh))

;. 6o o'm:rnr:lvato':r:ra (g/h)

, : .- A .l ; c-'- r ")c v : .-
n1n1:auLuaa{Lta L at01Lt'r'tuuifilnu{fl uag Louvt': LlJuali!n.tl.tltu Luffllt 1lo{ n1:aur!a0.i
I -"rdorniliirrvirs rl: n (brake specific fuel consumption, bsfc) 6o tfluo"n:rnr:lvato.u':a
i-,J,'v,-.r'a.rJ
lfiorvrilriovrirurila"':r!:nr-'Lfioonu1 rir osfc fi6frqo;irviuunioluueion:v liooirurJ:vnrubl

..] - J
nvfirirrJ:vr:rru 75 pg/t firuvirnn 270 g/(kw.h);irr.r:"urnio':uunilo:srinrirunr:o-o rir bsfc
i-i ; ' A . ' <,:
frGfraqovsirn'jr rLav;i1i.riurn5o{u1-lpi1o:vtto6'runr:dntu, nlraqiorofirirol'1n'j1 55 p/J v5o

200 lkwh) rfiorornrirnr:duuJf,orrfiorr6.:iirrnrsrilurirfifirari:u rir'tfr'triavornlunr:
" '.;o tr o ,iq,- , j iculLrltr nn to!n1: nlvunnlv Lr1flu:cav5n1flIa{to50{u1.J9rLun1trta.in1v LL[]vu1u1u {in

iqr, - - i - io
na0fll1a?!:vv't1.i,i'ruvLnm01a0n:nulra':i'lurt0LY{a.ivlLartlLlJel0'100fl5 Lou a'1':1u

rdonrirdaur:nrJdouoonrrornnt:rzurlr,tfiovvrkiornu?ato.it6oLtra.!fiairdrhllurodo ruusi
- I , id .J

oaindn:otuo18n1n?1!r 0uljoirt0r1ld.t tio:14?uo':na1?!t:u n1''r !lsaflonran'r: ruauu
-t
a'.i ilut{olrd{ (fuel conversion efflciency, I . )

I

*" -hJ

- - 
n, 

- 
lP'R N' 

- 
,

^JQuv tnfnR N\QH| .tQny

4,'-
erouvrun'r P/ ti' .X1ndlJn11?.5) tuAilnl: (Z.O) acleinrrud!fiu6:sv'jr{ ,r . uac sfc 6oJI'

4f = iH,

loufftuyriruuoalo sfc : mg/ ) lLas OHy : MJlkg raio

_ 16!0
't l - dco,,,,

<iInufr yc fivilra tnu g/kw-h *az er, fiuy1xsfly 1'4171ag

Q.6)

(2.7)

Q.8)
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2.5.3 rJaf,una.:loleu lrarnlrixuq! [8]
)."!.)t

rn6o{uuriliil1vr]nruluri'.rraiorau6on:cLierri2u rr nl ub.luac oo:c ri o ri': u rir a-r

-i0odo Lo?1[!uuva{n']rl.Jn!a uvn.i01n1flva1n fu LuLlr0{uay! a?uylt LfiLno!t1n0n1l ru !a n

iou rfio un:o uon uniu n6u :rrLvre.:flryur:vt-luvrl.rL6uvlulouacatnrruroilrtlud afiu
i .t - i -q a .j - tr. -r00n!01nLn:0.ruusrrrJ'r [vl.]r1u [ua']u 114[utUuua uYr00n lnu L0Laut':tnf]n1na1[vnIa'']nEu
- r.J,, : I
6o nr:rnrlvrifrlria u:6u nr:oonfirn'iluto{ulsr:rou'luo1nrfl [avn']1rr1drEayt6'uorrfiorvr6.r

- i. - d -
u a v o l n r fi rir y iu l a fr ui ti r 6'ry fi o o n u r rYrl o r fi o fr 6 o o o nlt rit o rlul n : ro u ( t tor)

nrilourouonltri (co) loln:nrirou (HC) d1:asoo.i tji!rruracnr:rfi nilafiu'hro{oruug{
) .a < , r ,i

i9t:sL!oo1u!:3 nlL LT{[as[al0 1uug]ft[ta0vunnn1.inu0ulJ't.io.l51uagt0uf]'l0 !!u
2.5.3.1 !3rrruuavnr:rfi olafiulurndalauinoicrtn6lu :vn1ulv{ 10[euto.i

a . .!t . ';o , o,
rFt50 iuumao re r!o01ulj:u nlu Lv'lLoul1'r Lll1l:sn d!o1u615YI00':1r1Ju!afluo0 00 n L{o1J0 i

lu1q:rou (rorl ailulvrdrilutuvinoantrri (No) uavfltulo:loulooonkri (No) oglulirrru
<r-t,', ,h r . a-4, 4 e

lanuou n'Duour.r0uu0a Lro (CO) ttaval:!:vn0!0u lu{.rLn[n !0 Lo:nlt! ouvru{ LutrJ'r Lr41]

viorzurtr.rritllrrei':u (HC) Iorulirrrud'ur{vr6ro.:!afiursiavtfioovduodrirnr:oonulre ' finurilhj6ovou'lu:so-uriohJfl[n:0{uunllauan11vn1:vl1.t'tu [t0

t) NO, oglurix 500 ppm fir t000 ppm y6o 20 g/kg fuet

2) CO oq[ur?i5auas 1 d{5ouav 2 uia 200 g/kg fuet

3) HC 5vri'rru 3OOO ppm vio 25 g,zkg fuet

|ro A.& co rr.{u
tlirdqrltfdr llmg$

mrnftrr.{u Hc- *ftBonlr d''n*lt,i!'

rdodl
$!ft Hcr-l

r-,--t

-;'Vl..,._,.,"

h#l ;'(' 

lu**"
(tr rnrid

Jifiirnniir.r No q.,iox
r{njim.lr6| co &"!iiu

Hc un*ln tl:

f,niri*rdcCu
Jdd xc

ono{i rr

nruii z.n nalnnr:rfi ouariulurnia{uuril6rsr0odruil:cnruly'l [a]
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c A..w i ,
na Lnvvl Lv tn ot allu Lu nl s ! o nd!10 i tn:o tuu9'oo:y tuo9r'ttLlt cnl u Ly'lLo tlao{ L1[unlyi 2.3
s i- io " :J
Lqu[aoinlsulunl:rLnot! h.JtLnast1.rlJo.r?r1n:n1:y|r.:1r.]10.i[n50.:uu0 fio t1,in1:iif] n15

Lrur'[vi n1:ruru6'1 ravnlrnlu fi.:na"L"nr:rfiorafiuusiactiodufloa:rfti 6o luninoonlrri
- i q - J \ , , 4 A ,-

rnoru [uLtnavtrJ1Ll4lJIa']s.r].r0[uun!a i110utT {1{a r t!a111{ LouU, n: u1tou1J0.x Lu Lm: r0utlau
- ..c, i J - - i

00ntt0Lt {{ Lll0u Luanllvatoatn! oglt'1fll:Lno NO n&a.ituLt.l00tuyruta.i LLnallttJ1Ll4}.l"La')
i a -; i.i

a.ltu u]ounayrlri'r Ly uaxru1]a': L1r0 iy?ul,u''] uoi't l.lln:u'r11tnu1t0 rflu No rlnyuflgL[avLua0

nxlr r{riuro{ no lialn'ir:volufi aonndorfrialoafi anmvt olnr:nru'[arf, u eiruil
, r .z ^ !.

o'riuour.Jouon1trlfuosrfio{u Lr:sv'irrnr: rnrharirriufru lou ufioiu fioat: r.ldrJyur li1"[#fi

oon0rouhirfilrlrofiovran'lrarinrilour,Trralolu16'onrF':'trirflu Co, uavr6oduluuffafirzurlyri
e)A , ;

udr€rfioruvnfiarurj'jroc uihnr:.zurlyrjar:zuarfrur rfinu Inurnofiuoln'r:un nn-1rJo x C02

rrjuvan a'rolnut,t Lr.iry'lci,rJruer-l nl!!?un1:oo niLo.i,'uto.i Co 6ovyuotd ooruynfitol
- j i-r,

u afrtzurlvrludraoa{ dxrnl: Lnolalnrari!oufru"ihjr,.rllyrlosrlrornuydrs'i.r 1yd1u[n46i{
I d{[rn!1o1nnr:'[raa rdruayoonornrony;odlurn! 1 fidouirri'lriolurlrluri ftoonfilr,tr!
-l aa
rldnflno ronivyll,iana! rry':rafla! ltacrJli.:n:y!onal'[udxnr:o'ouasrzur'lvri nrrurYu

n:sronarfirfiuduordul#*fiaurrdrulun:ctonauLdrlrJ'luton,ravuflaviotiturondaru
iJ

'[yr!ovtrinnrrurtyr]luruyir.iniv!?un1irzurlyridrfiofilrdo.in1nyr1{r{'moironuyijrflunurfiu

n'irdujarlv,hsrrirhjld louufi afi odlusonac'[yaoonornronlutirryd'wo{n:curunr:
rurueir[avludr ln:s!1unrtn1u uvrilfiaolfirflu1fld66ozufi.:to r#o.rrnrlrafi rdouJarlvlo'l
q d! a v a c - ! ;- - --i 4 j 

- - ., -r,lu1, ev !! Lfla,Ju.i niu Lya0tul10]oflu,,JL.lt.iud'1:iJ6Llrt0tfla{ du0^ n1fiytg.i h tiJl [yt.luayLri.'l
, , .i t )u4 - & Z . , d114!u1{a1u LI'ua.iral r0r L0Lo:nr:!ourgr L rr.t']Ll4uinoflaitysotnlj,l.t "l i.o.idut-ul4aioFu

drv6oodrurufir n:y!onau an6! rtay o1n [yfioodrlur.]16!d'x u t&utorfrrjuvrioduryririn_ ,!_..,_

aM:n0o{! uayrJriooloTn:nrilolldriouua sraa'rnr: rN ilyiln1r.t.i1d'! rfluc.ra'trirdo rr i l
,rr ' f, n -!1, ! r4 , q.j-3
tato:fi't:lJ0ufl0nFtfi{lJ tlfl0un'uti.t1L14t.ll_tu Lu0ntit't L14 Lu:vy?1nfltyulunr:rzur'Lyrlfrtin{ u
uavydrornn:c!1un1irl.J{yf lortouvi6 r'tu*flafiuzurlyriudrovvrohj lir'[#l016'ouvrfi:finnoo

{r Lflu'd'utordrfuvdodunn riouoonrr uriirlo16orvrfirfrnrrJdouoonilrlutirrnr:turusr"r

osrral i-u [fiafi r,,rrlrariurd'lfiiqruranfiar uaynnoonfiloai usirr l?i.]ufiou'trdutoluo nfirEu
a -i o o 4 a a a ' a! r , e ; . ;.,y ,y:0yri.ta!n!rrnay ruun iu L fl n00nt, Loei 0u.1.:[e.!yl uualanl4ruto.rloin:qri!oufid,:hjrzur

r r, 4 , i ,-iq ,tvl Lurn5 0.raurtoolr L[flo'] uUis n 1:1v'1fr 6 o n r: u.rrlr,lrifilrjauu: njfi rfi or.,r o r n nr:d'lto.rrlar
! , n',,t,u .& -j- -g","L1,ln 0u, r! a't Ldoluuurfilraln'LUd.: ruri.: i lrinoyriot-u Ludr lnr: uJiuuutja,: nrrr,ir,:ruto,:
.-d.. i - ., ! ! d -,tn:0{uusr n0 u.r00m5]a1u:uv:r.r ornrnn ott or a{ divlvnltno:stto rLasaluto.iloreufr

q tA- ! -!1nau:.r1tt0n 01n L!60oaa0.tnu yt1 Lro niln1: r21 Lurlvt=r nt-udTrrn
- i v ! q .<i r ! ,- -!aflu 0 0fl!r n! ta LA ur 0I Lni 0.luuoi I o: s rt n6r u!: c nr ubio; {u o qiriu or,.: r"rJ:

r,rarari": d'r url:fi;irn'rgn-rrafir66odm:.r.i?uauralvuilr rdornfirrioornrs ($) nrr 2.4 uanr
,inr:r duuuua rnrrrLrrhiut or No, co ttas ttc lularf,utarrniorursioo:vrforixulTvnru,r, j,",- - , , x

Lv{vrx LU n! 0Fl:1a'rua :.ra5vvi'r{[{orfld{eiooln1fi loa rn5 o r uuo{on: s riodruu:c n r ulvl
n rl.Juna n udl rlurir Erar:ir arllndriu a1:ara!a a6vi od? ud 1rzua!fiuu.r rF nrio o 1,fr'ot#nrr
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" "i J - re ' J a d

v]111U511r:ULrA U rtOOO LU fnl'{ 2.4 tta q i1'',]ttJ0A1: tJ A!!',].i 0V t141Jtlr1fl. AflU00n 1n1n1'l
., h *,dd d -'i;o Z

ountv?l.tofun1llti01n1:Ltu'tL14t.][rJo norrJanll rttJlrxJflo t HC f,.lLo.llju {.lLuflruurunll
e .a ' tlirrrur o.r rnSorausi hoclri:r! ri uu uonolnf, nvrfiuili!ir':ro rn:rv'{rvairfltriou'lu:rl uru

- -)
[n u'] nu{{ uao.ift'!F11rJ u{u1^ Lunltn't!q!

rl

I
oz

-

ri'rrrdrur:nitornrriodornil
20 t1 t6 ra l3 12

o.? 0.a 0.e l.o l l r.9 r.3

o'rrr*rutulor:rlitdomisioornu

t l,r tttrlrlnoi
i
I

I

n1nfi 2.4 nlrr duuu a.lnxruniuriuro.r Hc, co uar tlo 'tularf,urorrndo.:ausi lal

2.5.3.2 !3il1ru[av n1: rnorafiu1u rni oluusi6lra 1o rf, ut or lniorauri6 rta

loari'rhJrJ:vnouoirualrd6oirrfluuafiundra 1 ri'rtouaio.rauo{1oivrio6'?ul:vn1ulyl uei

!3rr ru'trorrafiu!r{6'? nv ttn flsi'rio l nrnio.: uuef no:c ui odr u!:s nr tltvllo ululo rf, uta.i

rndorau0{6rtadunx'l Liuduroi tlo* ovlndr6u':riululordu'uo.:rnio.rur.J!i'1n:vrioriiu
, : - J ,i 'o r a!:s nlu 111 aluL6tn:n'r:u0uv00nrJlnuL0LdulJo{Lnlo{u!0lor{anvnln11Lut0raut0.i

).
rnro iui.Jnoa: vruoen uuivnlu LlJrhvrJl[u 5 ryrl 6 rlalo:nriroululorfrufioronrr uilurfio

i rv !
r!un?ur1't Lxt'r in1:flortar0uLn:0,11o tJ0nnlnr a1l!:un0u Lu[o:fi15!0u1J1.ittn Lu LoIdu
e <t , . , . " 

J j - r a ) .a & .
u.iLuuuva{r0{nau t016u0nfl1u a'lu5rJ co yt00n lnn! L0laiut0,trn5o{uugidttaiuuouurn
x! a J ,{
vr{u ruo{n1fl ra:o.iuunorxani nAu6'tovrirrrud':ualir.t6r.J!.1,i runlulorfiu1,o trniolrJugi
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2.6 n1:arn:1rli1a{!v!u t9l
) \- -l a

1flqilI!145o1O[yr1y]U nO 0Ot.XllU LO iln nlta rvrun nUnla.!11U 1410OnUUU1].:14IJ1U0{

-' 'o,' ' - )d id"q d. .,i
aoruao{n1Ltn1unu5'tu:lJtr1nxJ {{rnl1 vu1u't'tLlJunn{irnl LSrllufluuuuLai fl't:1rn:'rc14

Qqd'!uur[]un1:iLn:1!rn21:.ra-!fiuijro.i6'!vr1.r (cost) :ru"[d (Revenue) [aer.]ari{: (Profit)

*oriuntlrltJr',rorlur Auuu!a,iro.!rl3urzunr:arfrn (VoLume) urrfir:r6riunirnr:irn:ryri
dllu-rJilrruzufin-r.ra rirl: (Cost-Volume-Profit Analysis) nlri rnr rufioodrllu riJunl:
ltn:lvvn'trta Y{uovr1{tfi:u5fl14fi5t0,i40'ruuerlr.ltulsusau tLas10!aQ !r]o{n0u1'r.r

, i - - o i , ouu) I "rurjuourfronr:njoidofr0ndo r iraro.:nlrirF:'rvl.iovlfldrfrouioultuavanlanl:0jri1.r.lu-ihj
,J

rul6ouur.Jar nrraii.!utuunfi (Chart) a'tafunr:ira:rc ooduyruisarili:0ri11#rd110fi,:

n'r!a- fliudro.rri1l:uavrjirrrunr:rfinodrl{orou uavriluil:clurddruirnr:ritauouTuuro
nli arr uac fl'r:oll qlrirl{dr u
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2.6. 1 r,UnOU tUn1r216:',r!?ini4!lXU

2.6.1.7 irn:rvfdnuruvlrqfi n::rtorduluv3orirl{o'rurirr 1 ufi orvldr,drfir
'os, ) ,- j g -n'r'r airlriudro.rrifl{ciruiru!:riulilrrrrllirl16urfr}rr-ur45oaoartolruazu6or rdu dlrreq 1,000
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6r N = Gurrunr:r.rfim

c = rirlddra

C(N
C=KN

. --1'Lun:fifi r = 1 u'ryreiou 'ts rirlddrulildrrfludo.lu :,i1.flouflrifi! irLrrunr:r.rin niu oroov
. - -,-!
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C=0.1N2+0.4N+3 Q.e)

q . '.ty' <i u
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Inuor: r flirJirrrunr:tru rir,irurudzuf,mldviryroaur:ndotrurilu:rukif'ry!o:ruki6ny
tJurlu5Lf]unt.in!u:].J1[un15 er][tuflu

dr n = :rutd
Ro(N

R=pN

p = i't n rr't u r.t e slrYrudriovilr a (price)
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edo
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a. 'oo' & ' - .J , a. ,6e, ;
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(a) tjiurolfl uo'm:riouastornr:zu6n16rnrrLar::onrn

rir p-v riun'jr eiruzuat#riovilru (MarginaL Contribution) r{luzuarirrtor:rnrzuimrizur{uac
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2.6.3 itdal:rar (Depreciation) [10]

2.6.3.1 rirrdor::rnr (Depreciation) yrrufil nr:flu;{ruLarirrdorranlflro{
)qw, - ' J

aur:11u 0u1.tr.t:suuna0001un1t Lt.i'ruvtLoU:3rJ't[u L1 n1:ann1[dotJ:']n1nnofl1:u't9tuylu
- - "& - a t) q.- .)

1'0': duvr:lruuuu10oa:5 taau[!un1Lt0'ruo'ru 01q n1t Lt.:1u 14:0U5s Lutur0v Lo5uUuro.i
- - .J- , J
iuyindvr6orirrfo!:rn1 lrIuii olnr: rnio{i'n: rnio{nflltrii or.Jn:airirn-nrru ua& iouueI

unr{u fi 6u r :'rsfi fi xfi orun1:1d.:rubiir'rn-o
- - . - iJ . , J

2.6.3.2 1JnnUAlntuvrnu11]o.:nunllnlulrunltao :1a1 no

t) :ror1u-torf,uvrYnti

2) 0'lqn1: tt.i1u

3) :1ols1n

2.6.3.3 i6nr:riru':rurirrdor::rnrfi d'rd

t) i6rdun:r (Straight-Line Method) rflui6fiiruuavaso'rnfiaorfl11sos
- .& <, , 4' J 'Lr,lJ.i:1Fr"l11uva.rA1nUn51nlt1nt0{al,Jyl:11UUU r!UA',rrd0U:1n1!iu01Inu LUnlUlUyrlyr1 "l

flu naoooranr: 1{rru
. -d.i <

2) i6t-rhrnr:rir':T ! (Working-Hours Method i6fi ocradunrlt''fl!lnr:
" - ! , A ! ,- .r< " a , 4,,o,nr
'r.i'ru o{uufi1ta0}.r03lJu0un!t2 L}.rin1lyl'r i'ru LuunasU't'r Ltt't L .rn1:yt'l.i'tu 1n1t50u0u

3) rirrrrununazu6m (Productive-output Method) i6do:n'rurru:rnr
grllv lutoiirazuaa

4) i6anar1nfl (Reducing-charge Method) nr:6orrirrdorL:rnri6dnr:
- "dv' 

i
fi',]l.J1[ull n1Lu0n:11:,i n0uLL:n,-ifl'r:0v Lft:urJau:v Lutu ']nn11!ya.l 6l yr1L14n1rd0}]t1n1Lu

flu:n 1 qrn'jrflvdl
.r --i . - , i ,j .is "Lu.r1u10uu0sy1n1:nfln1tdolJtTn1Ludslt1r!auuu!a,:st'tu1t?Lll.in1:M't.i'tu145ofl1r.l

drurur.razu6sr (Services Hours or Productive Output Method) i6fi u.uryeirvilvrintjfu fi i
) .'- J - J ii

51n1AOa lrl,J0.101nn1: Ltr'rull1nn?10vaoa{o1ll:suvr?a1 Ltu tn50:0fl:rn50{14u.rBo1]1lt.:1u

fi:in1 230,000 trly :ulniu'irovar6niu,irldyrv.:f,u ioo,000 uillu [a;iFi'l{1n 30,000 Li1yl

dr1uflu:nrn6oro-n:arrl1ini.ra0 ei 22,000 fiilxu fld z zufiotd 21,000 yilxu n1:6ori1rdoil
a -!:'tn't Luurlav!{! LuxJo,iu

,tr
rirrdo :rnrsiov xu a d$ = (:1n11r. - :1nrr1n)/1i1uxuyilrufrovaimfiudrtd

,i)-
n1td0u:1n1to50.10n5
. J J - .,J

nlLdOll:1n1[n:0{afl :!vt 1

, ; J - .,J
n']la0 :1fr1rn:0{in:ur 2

= (230,000 - 30,000)/100,000

= 2 u'rvl

= riruruvrirudr,f,nlutJriu 1* ri^ rdol:r nrsioyrir uzu a zu Fn

= 22,000x2

= 44,000 ll'lyl

= 27,000x2

= 42,000 !1vr
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Murat Karabektas et at. (2008) [13] Anuizuan5vyrlto.in1:dufu-ultlo6tqaorn u:5n
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J ,-h-i - --- -- i ! ; ! v -

rns0 tu1,]0i, L'E[80trair.rar] -PO-DF rrttust11Jnl:tfl1l?lult0 1n11rLllu'tt1.,t110.in15i.ldlJtJd^uLLav

n1:aoanla,!n't'lrtrd {uror DF ;irv:n NOx, HC, CO, uacnr:!douniunldra rdu'tuar:v
+ i: ;!
rvaqvla{1tu nllroua{ao Lun:vuonall u1ruoln /1 0{ /4 u'D nx1!6i1{11un1:LtJrlvfiuru

nirnr:l{rirriurrarfiurodrrrdurdru Inoalloi'jrttdrldfrovl'Urjrriulvrl:laiaur{:nuu0irri^
.-l a, !'[uun5o.:rruei6rtarilursorvrirvr r16onluournn

n1ild 3.5 fr.:nr:ndufiriudldornnr:b,rIa1:6aar.::auudrdrro.r s. Murugana [23, 24]

n1r{d 3.4 a"rrira'utiunr:1xla1:6aarl:ouutitrituo.: s. Muruga na [23, 24]



S. Murugana et a[. (2008) [26] Anu'rnirudr.rrjrr:-uflbiornnr:lvrI:lafiaurl:nuus{rrirfi't
f, - - " x - 4-

rirriufrlralud's\:rdru5ouav 20 (TPo20) firiouav zo (-Po7o) louilitrln: lour"'tirrirfitd
ornnr:'[vr1a1:fiaarl:ouug{lrir (TPo) oulYuaaun-ruaoflunufi 3.6 rrr.irln:vlrunr:na'u
ull!aru6u1n1fi udrzuarniwrrl-u6rta (DTPO-DF) lfiol{r{Jurilorrfi'rlurnioruuoi'6rta f,,i'rrars

urrion:r durAu'r rulJrunxrrioudruor nra Ioulriol'ord'ou!ar rnSo r tluflo 1 dluaorlu
f -- " ! e r r '4 d

n111M 3.7 zuA nlt11nulrlJ',t'r alulle vlnllualull]u n 1n n.5 La L: La{au1.l:0uuoLnl loni i0u

a& 7o (TPo7o) fi'lrjrrTudrsa Iouvrrill:cfrrBnrnrilnrrrLiouovntr rfiotfiuuri!nr:lirlru
tolrodoluueifrtdlirriu6uta tjirrruniuosarn'ir uacrirloteu HC ras co fi .iouoon!111n
Z -. - : a, r i,i
fiuarariluzuarrrornn'luvflofraluavnr::vrv€inr:tf ulofrsirn'jrdrta lrivrrirfinr:rionioulu

- ; -.X:ruufirinv6'rornrnio.:uudl{rirrirfr fi n1:r.r6l TPo-RF

nrufi 3.6 qrJnrnsnr:tn1al:6ara.r S. Murugana 126l

r &hdt 2 kd 3 En{,.
a L..drorhb SForEr o 460
, cdrad!.a & €i!.ata. I s.d..nrt .
ro cijrt{a.Ea. x avta{E -aF.a'r-. rz^l,krchrs?Er.frr

nrufi 3.2 loovun:rnr:uoaautnioraudto.: S. Murugana [27]

IL

IE

8,,
2 Py.tFL 6*rd 3 Pl!96 o.u{.

3 Top.6r!B sfd.r goJd.l t oa @relon



Cumati ltkitic and Huseyin Aydin l27l dnrsrnr:o.i6mrjr:iuudotflf, rornurr:ouuoilrirlou
r . h - .i' e

n: uurunl:1nli1afian1'ilar: ri nJi fiiuruavdrtrrl:c u noild'Lurnio.:uusl6rqa nr:b, :1aia

ur{:nu!rdrrirnrul6'anrvru':o6'orfifiluln: rou (N2) Lraruna16u:.J1an:onltri (ca(oH)z) rflu
.i-,-ir

sr'rri{uln:u1 n.:uanrLunl v :.8 tjirrruriuvoiuro rllo{Lva?fi16'aqa.: rfiold Ca(oH), riu
"i - -;

m1Li.r!rnru1 u'r "r oLlra{rva?vrLriorn nr:1vi1:1e6a u1i5nerugiLril (TF) ilal] n'ljflfudrxa iou

ae 5 (TF5), 10 (TF10), 15 (TF15), 25 (1F25),35 (TF35), 50 (TF50) rav 7s (TF75) 10u

rirufn uav TF100 vrn ao! n1:rir.:rutol rai o.r u ugi o"{[ao{tunrnfr a.g rdu rira'rtol
A . - J 3 ,< .? - .

rn:0nuu01 utwoLnS0{uu'] 0mtlrltauL!a0nLt0Lfla i0lLvftc qtuvn!L0rau L[aen1:Ua0un1t

lorf,u rdu luln:rouoonk,i ariroulnoonlrri laIo:nrirau t'arr,loiJ,ooankri uasniurirfi
^! - ""-- z- a

rfiof,u uJiur rfrulfiirirriudrqa a1tld'lrnr:zuarrirfu 16orrir uaarfr TF5, TF1o, TF25 uav

tr3s aur:odrlrJtflriroioruuei'6rqaldloulrido.:!ir.rujduurnioruusi urinr:zuar tF5o,

TF75 uav rrtoo rirl#rirnr:Ueioorafiry cO, HC, SO2 uasniurir fiil3urruqr

n.vrd :.g loosun*rnr:1nla1:6ato.r Cumati tl.kil.ic [27]

5
tl

1lr

C5

nrr,rfi 3.9 ri.rnr:moaournSoluuo{to.r Cumati lLkiLic [27]

E
ll &E

tr (:-
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Stefano Frigo Q01,3) l28l6nurnr:rufiordort6lrvaror n nr:lnl:laiaor'::orrurirriruae
oi^!

ni:'L{ r1u LurnSo.rrJuei6 r{a 2fin rfio lnf,.r rvarol n n:uu'r! nrl111I:lafiauuuunnrYr thermo-

mechanicaI cracking fioruunfitJrunar.: 300-500 o':nrrrariua nr:i rn:rcliailt6roif1fiu
u6o116r pyrolytic 6'rui6nr:murrn:ii! ASTM rtiu nrrryuru u nxlr]yfifl rirn'lrliou

-!uevlnrrdl{ rfauflu16oryrfirdrxa Tr!ilL6oryia.lLyarornn^:lvil:ladaurr:nuu0irrirfi!ir-r6u
! , .- " - i , I 3-c - d d.i

n1Lrv0ud'l1lu0u'1.:1.luua1nryttauf]'txtyturlln't't tt0tlla{n[qa u0n01n!u.rx.]fiarluaulr0u 1 nln

nr:tvrl:lafia ltiu flrtuavro.r*6r nndrrLri rn:rvrizua zu6fl Lrasdru :vnou ufiou{.iuf,oo'u1u
'.' ;

nr:rirfirfrr n-nunrn'[unr: rirnalrrr'Lt'lyri 'L.[raSoruusi6 rra ruro oao i.6. a!16Err Inu16

riu-urdonr6.:rvarorn nr:1u1:1a6ar.rarti".rir6rtu TPo-Dieset :TPo20 u6v TPo4o yrnao!

!:vf,vBnrvruaca!:rflLlcnlitil.iluuolrnialuusi fiolrLrir:oruavnr:slvaorolrntoruloifi
urnsir.r,iu r,ru'irnr:1{ TPo20 hifinlruuornoirrluuitoru:rio, rirflrrru, o'n:rnr:i'uuj6o r
t - A ., - ' d ; - "" - - .ir ; .u
u'r!utt0 rY{ai 01r 13 uaenl:!a0u fl'rt t0rau t'lotll:ulj Lvru!nuuluuoLtaIl LU ttucynlSLt
.nu TPo4o rirhJda-nnruvnr:rrurlvrir arrnio':uuoifllrifirin nr:irn:rvr,iuBrriuvaiadurad':orn

!
J.Z,iqr

nr:vn aournS o r uunnu nr:Uurijoulu:sd'ur,rir nr:vo a orlu#oqJfrrifr nr:nu'jr orlnrn
.""-.

a''r:llunalunuLLav Ll]lrzuao0n1:nnnt0ua'tyllJu'111Lro[tauau TPo,Jaufl Lta

g.: muidadrdu':riunr:b.rlalr6ayraraGn

Ayhan Demirbas Qoo4\ l29l kirirnr:6nur nr:1vr1:'[afiatrvvrarafinorn rrorraiiryiu
x- "-.)"-'[tvouvrurjrriuufraltFu ]nr riJunr:lnla1:6afrh'['[d'r rd rrJ fr fiiur rLuvr,rera6nau!:sunyfi

durvrrao.:60 potystyrene (PS), potyethytene (PE) [ac potypropylene (PP) nruld
rioulunr:1nla1:6auwlill'Un''lrdrrJn'fi30r narafinosurlnd'roonutlual!?i1u 60 rfia

c ^ - .;
lt o,i rua't tta s n 1nljo I rutr zuannruvfrrflut o.irua?n!!o.lfirJ:cno!to.!1010:nri!ouuacno16oo
))osvZ-;-cc,
fiqr rfiolvili'rirrIufrfilalo:nrilouogludxto.:uialt6ufi!ocsiorlirnr:na'uuunir6nnirud

J , - i<.
a0n! r0vrlu?1tu31\la1aon potystyrene (P5) lviraar anvrrlulj0.ilua?a{ uav tuvyralamn

potyethytene (PE) uav polypropytene (PP) lfisrfi nrYrudfi rfltuffaq.:

Kyong-Hwan Lee (2007) t30l ki6nurnr:b,rl:laiatusnarafi nnrnrvfillla (MPW h
. *v i-

u:uLvrflrnlvaLn vnflLtunn11 Lrn nn1.irl1!n11!01nn1tlr1vto.i1ra1ann n0 n11 f]?{n1tll'ts

rjounr'r t (trltPw srir), n?1xJri1.id1rfl1y 1-1.1 (MPW rjrlnarl) uavnrucirldrrnr v 7.1-1.2

(MPW e{) rirnr:1u1:la6atuanrrvtriioonfiloufi qoo o':firrrarfiua rlirzuar.rfirrfir{lu

lro{L axfiri1[r]ndr.rfiufia ril MPW 1!qarr'lririt:anFnior.av 90 ril MPW dr lviruarufisr

ioaas 81 uavrir utPw a.r 'l#rirriazu6niouav 76 MPW r]lrnarr'l#oraar6n raeufl o.irualdiao
,i * a - - r.,i a, - g

ufin1{uaca150lfln1{gl140 a!!glv1.i tn1] nl un 1flt 0{ararlntuflvrrllul,0{ rr4a'l r a.:11a 1a n nfl.: al}J

!:c rnyrhjfinl rr.ruornsi'r{riu 1nfin sirurun ri!outo.it o.i tva1fit6'o1n ar asl-nvilarxrtio
; , - - - r.{

LraoIL [vl]?1n1:n:en1u n1u1un15!0una']unu a! U lfr1'la nutuvvru0]nmr{ nufl0{rJafifl flr11

r{Jutorrvartotrara6nusiavtf,o iuoqjfiiar:rafifiunnqirlfli.Juaclo:rairworuaraor'n [siac

tufrvr oqLu MPW
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D.S. Achil.iasa et at. (2007) t3tl 6nurar116vr{rnfi1]o.:nusnard6 nflt16afiriror n

yrara6n LDPE, HDPt uau pp uuduoluta.l nr:'Lvr1a1:6anaraF nSkr6a filciar:avarufi

un nsirr fiuuavhil{ar:avar I Io ufi nr:fi:roao!drururiuriT l{cirrfitftu nr: arfi n fiio uav
u" -; -icv- -uryunr ttn no']': nuuav aruvnrvr'l{ inn6r'[unr:a fisrlduri l::oauv. n'r. 110. fl':a]n

- - .-ic, c - ! , -iruorvr:rir 6n lnuzu6rl,irurifrldorn'[r,{6 ruo jv nt1:o!r nf,LnirSouac 90 nlriroi^c1i6'1r

:-nn6t a'rviunr:sr6orrara6 nlvrivionr:na'u rilurirrTurdorn6.:uo.:ornalaA nfilirni nrfio

vialaAn LDPE ovkitorrvarfi rijuali!5sno!1slo:nriuouludrrto rririliu ufi alsdulurs r

rrfirei
Mohammad Nahid Siddiqui and Halim Hamid Redhwi (2OOg) l32l finrcrnr:1Y,fl:1a

safla1amflr.ra!arv:lnr:urnauil{lvritor zu6nri'rurifr uifirJ:ulut{ 6fl{n:cu1!nr:hl:ta
Galnunr:tfinrriliou uavar:riuJifiSartornarafin PS, LDPE, HDPE, PP uav PET zuartlu

o-n:rdrudrr 1 lura5o.:rJfrn:oJrurorsnfirirornaueruraatu'ro zs cmr qruvr4!fil{rJrvrrru

430-440"c n1u1d'a?1ld'ufiir N, fi 5.5-6.0 MPa riunar t t'rlu uavl{narafin ps tu
o'm:rdru 1:1, 1:2 Lras 1:3 rJirrruto.: PS fitd'iuunnsirrriunr:'jrnr:rfinrJfrfi3urfid'n:rGi'ru

;a) q ! - ! - "i ' ; !\"
1:1 Ll4i.lanallLl"vluvlfivlafi LuilJuL111J0.lU'ltlu Lt0Lflai n^:naUtEntt!A?UvauAlUU'l LOUan I Lv

) - ; cvd - ;
rfiu'irhivrrfroor16oosir uavr,rrlkirfru.irhnrioova'lornfroot6on 96'c orooctfioQtnnriisn4u

q <q. 3
tor orrirl: vnor ar::s rva fi ardu ludruro lnr:llrI:lefiarjrlnrlr (LCo) Iojflildxunl:6u
anriler"1n'jld1iliul4rin (HCo) a1nn1rld[vnfln GC :aq6oar:!:vnour rodrlfr;ir6'ryfrfioa'lu

. - ,j
ru6mrirurifrrUuta rLva1uao.i'1firfiurl:vlt t{ua v nr rl rijulUldt ol n: vr r un r:lvrl:la6a
Yia1a0nrua!nsaM5n LttLlufl a{':luvl'liLa0n Lo

Brajendra K. Sharma et a[. (2014) t33] finurnr:26o qtua'nuruvuavallGto.idltiu
! ^-rf,ornf,r6rtaornni:lflI:lafratusn1n0.rfla1aAni1ut1uta.rdl Iounlrl I:1afra1'fin rnarafin

v "i a
nl ni.rur1u1lo{li'rr'r rluna ra6 nr.J:s rnr HDPE a1nfuilMna'un1 d1.ro[u trilJ1gn61u

, ;a . id< e ; ,

a.i r,J a [v Lu a1u,.]a!t0n tva? vl tlJud1l1l tu n0! L0 tfr5n1: u0uvll.r La5 i at 1.t r0a u! i u n 0!o1u

aliphatic paraffinic iooav 90.8 olefinic atiphatic iaaaz 2.6 uas aromatic iouac 0.6 [as
- - x --*

fi dxoou6oom:lrirrirriutjln:rdu!6rraoirlorrlroi l it t9o-290'c uasrroi 2 fi zgo-A0'c
--! - I

rujiur rfralarr"firirriurtor 6.:6r,qaqr! iarilu ASTM D975 tta& EN 590 vlt'irzu6nrYzud

6rtaa-rrn:rv#oqrlutorit,tunnulrrr-qlu#orl, unt{!n1 14111[ u 802 kg/m] lofltaflls

odr.:Elririrvufifidr 73.4 uavnr:rariodu tse hn:ou fi 60'c aru6nr:rflurdau,rir6u 1

:2!6{n?1!vf,n d +o'c o{d 2.96 mm2/s lolvarvr 4 7'c no'r1!11'{to.r 81.5'c uacrir

fl#l.i'ru 46.16 trl-rlkgloaaqrJudral:ilrvnorltoloinri!ourvarfir.rfionlnnltlvililafiatuv

fla'rafina1nq{ alafinirutrflro.idr filo16ootirrfiualrcalfitv l{ludru!:vnorlunr:alal

uarrirfufili uao.:lfirril'jr nr:hl:la6arirhiorri!:vnardrulvqjrfluar:rJ:anor: fi

!:vnoudroar:'[alo:ariuoufi fi a-nunrnfi 6fi ovrirna'ulr'liluorr al,rn::ri]Im:rnfi r{lu

n!u11rurt0 L A.r fi rt a 5l lr] fi'l



43

3.4 .t1u?0ulnu2nun15 [tu'tuu0lntus?{a1dfl n[Uu[t0lfl a{ [u[n50.:uuo

M. Mani et at (2009) [34] Anura!r:ouc, nl:!.iaufflrlard uuav nr:u.rr1vfi tor
J .d .i d -h.i -rnt0.:uu0rflrtalflr:n0ur0ntuuuudu19u't:vLi1un?1}]10ufl'1u01n1fl vrLlu1lJu01ntu,

viarafinrflurdorn6.:iouac t00 loulrifinr:Ufu!r{rnSoru!s{d'luao.:1ua-rnr:voaol
i t- .i d - J ,J,eZ '[n5o{uugie"ln']rfi 3.10 a'rnnrrAnurvrvirdx:vuvrra'rn1:on:vrio'rJo.i rnSoluudvr t{rirriu

olnruvfl a'rafi navul?ni1drfu6!ra 2.5 o{fl1 ri1 Nox tolrnior u!e{i1drj1ri!nl nruv; .),-z -raldfinarn'i1L€rSort usifr[ririrrlu6rra;ouau 25 rir co rfirfiuiouav 5 rfiorfru!n!
; .)o t'" - - t ) - - ; .;avZ - -roi0iuugtrtt!1!urit{a n1n1ufi1aoa.::0flds 40 1L10 tlluu nu rn:0.1uugryrLtu'tt.ruo tfl a

!5uayrnfl 'tltLt.:nll:"50u!ar50uau 75 110 :11a : r1u

M. Mani et at (2009) t3sl ld'fi nurriurlrl.itoinliili!6'.i r?ar nr:dnrdolfl 6rfi fi i.raeio

d :rnuu ffrrlorf,uuacrr:rfirlvri ro rrn6o rElusi6rtelo ri ndur6"duutrat.6ur :cu1un1u
.;.,.2 - .- z

ioudruornrfl frllirirrirorntuvlraldAnr{lurfiorrFiiouas t0o loulilirnr:tJ:nn-rolarnr:
- I - - - o ,i "idorto rvr6 ':rr orrir dalLvuit zs, zo, 17 [as 14 o{fi rriouoonldfilu1Jr.r1]o{Qne! Lfio

ruJiuurfiuuriuo.:n1n1iAo Ldor a.:uu!rarl irnzuanrrvloao!fllilri1 No, ana{Innrrulvao

fin:srir rir Co aoararaoiou av 25 at HC aoaiUrulrlruiouac :o uavdrnrurtrtrtol
q. ii" -L0tdutYrtJ1Jul0uau l5

M. Mani et at (2009) t36l kilir nr:finurvroa o rldrjrriuorntuvl,rarafin'lurnioruuoi
- c a- a J d tr 4 i -or{a toL: nautnn{ual]toul tllaflnaltnulnufl't5u1L0Lau'lunau!'t14lluLluu tt tuLn:0.luuayl

"... - ; ..h-"" - - " n"! -Ltu'uunlntucY{alannt!5u1r tvluuflutn:0{uunvr ttu'llJuorta Lou Ltu'ltru01ntuufla1an n

iouac t00 nlniran'r: oaollru'irrirluln:rouoon"lrifirirareirrairra5oluusifllrrleirirloriu
A .d <i "r d

na!?u!'t Lt [actns0 ruur]! n1:!a0u ttJ !otriu00n Lttana.i rl.t0u't L0rau'lunautt114llun uu
o6 .-ie -- .- ,;

lqu nr:dr1orf,undurr11rluriud"8'[vrifr 5oa as 20 llunrfrrvrrvar uavtirir nor, co, Hc
o i -- -'3aoan tu,utusytu:caylon1Y{rt{n't'rtJ50ur!5nr !1Ju

M. Mani et al. (2010) t37l finurdnuruara lvravHan:vvrutoinrrl{f1tJiuo,ntuu
- X-- ., n . ""- t ^4"a1a9inr.J6t.lu1!u9iLta Lurn:0.tuuo00:s tlj919r'tunla r0o dtJ!sl10.lu'ltru tt0Lv{a lr Lo0l ntuu
^ icv" - x - ! ! -alan nr Lflulr.l'l1Lnt 1ulr1r1J?'ttJ 6l.]lJ9lna 1u n! u'rl.ruLt0 tIr6.:9 tqa u1 u0'lntuvr4160n

(wPo) kiiur:vnao! n1ir{lurdonrfi r'[urnioruuoi6rsauavd'nu6usnr:rJfr {6rruldirnr:
"-i-4,--.c,;-'j'lLn:'rvvttau[uSuutvtu! n1lvr1.rlun!u'u1.tLt 0Lfla,io[xa (DF) tlJl.Jvld.ltnm']'l tnl0{uu9laMi0

. -3vt''l.i'lunuul!unlnruuy{ar6etn:ouas 1oo uavd,l :0d'urrl'urilurdor,niflulnSoruusi6rraki

oontrritorluln:rou (Nox) ardur.J:v!rruiosae 25 uavfl1{nriuoulouonl{ri (co) rdr;iu

iooav 5 drvilnr:'ldfrl-uorntuvflalaAnLfiotfiu!rYut]rriu6tta (or) 1o1o:nrirouqrdu

rJ : c! r tu io u ac t s fi rtlo rf, u rfi rduio u a c +o fi n r: vlraao 16rl dr a-l rfi o rfi u u ril lir lilr d rt a

(DF) r-l:ctyrBnrrrtlo'ltriourfirduiouas 80 to':nr:vlvao16rrirdr uavqruu4ilorf,afirir

arfi nr:clvao?iivuofi orfi uuniunr:l'UdrfiuALsa (DF)
:
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r DEdvr 9. rDCroIF'E
2. rair* roo-l.-ra.
3 qrrDt-drc x l(rir.Ld

!.ErL,Frly'

)-).
n1flfr 3.10 9r{n1:rndoutaSo{uudto.i M. Mani [34]

Pouya Mohammadi et at. (2012) l38l 6nural::nuvuav6'nuzuvnr:r]riou'lorfi utol
.i r . - - aq.t - - .i q ! r d 4 | -

LO5 0.iuu9tno:v r!ofrxunla{0014 ttulr.l! fi[ta f1!1u3Yra 1ar] nvava 1u Lu LLi 100 rta L!!u1t]l.J
"Y -,'" - a ! .he d - !---
t{0r ar L!LaortaLrlulti0[1ra.:v]Tnta0nvl[f]tiJiuuvalu0u'li 0nYiu.l!a nuflJrvl'l{t1n111tlju

.-. h iw; ae"
frrliravaru ra&LUulilldfios ["[rit,rir- riluar:avaru'hnr:rirvrdl rruoln a^afrnI A[odfrsu

(EPS) rl11{!rvluril 'tunr:6nurkin"rfi.rfirsiuvrusionrrirf,n6r4nlarirnr:aca'rudrluhla6tta
| - a - -i €, ! -uavo.id!ivnorlro.rrjrlnrfr o urfi rfr rilurio rdurfir" dru 51 f, { n'rttJa'[r-1o6rsa (ss) fi fi

. ""3 - ia
ruJoir{udrirr .l Toul'firirriu6uta lu'tofirsa ltlodrtafrfrnarafrnavaruludgr:rSouac 25. 50

uau 75 hn1iflflao!'[urnioluus{6rtaoo:u tin0i?un']io'o nr:i tnlrul,ivti.ia6fiuaoltrirriunr:t 4 ' ! -''-----"nfi t.ts noadlsioaor rirlrJdnr:an nr:rjd ou ffrrodrrfiLfl !11.t1J0.t01U',tU9rUI1./n0 n1 lfl a
. ; o ..i

lludlflt! LOUtA11130U1.1U': No,0ULU[n flvlaM:n!l!sl.l11.r to0u1.i!ta0u5n1 [dvu.:Yl1J'11
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uvrii 4

arJn:aiuaviBrirrf, unr:

6-X - ) t-
n1:fl nuluas guu'tn'15 Ltu1llu0'tfl 1lu3 a1ann Lutn:0.tuufl ntta ru'tau Lofl nult1lJ5?l.J

rioraludrutololri :vnouuoruscl,ialafin:trn'l{ioto.!1rarafin ;ir o'! n:c!ru n 1:oi.i ttrinr:

drr a ra fi n n d'ur or fli o fl { na! ouir nr:rirvi a ra fi nt! r.i1u n:vu1un 1: u!::tflvir{Jurdorvrfr.r
z^d.

i rn:rvravrnruarl-drr rrto u,i5.t ttavniidllJL"ilfi'! rni o.iuud na onoui un:rslinr:1{rrulu
4 t^ .) , i ,t.

to50{uua ltntlvun't't!n!nrv'r'i tfl:u6fi149r: t.ilruuYialdano{na11uav Lt1]uu alannnln

! 0u{na!10.: tvfi!1a r 0i1'r:ut1l11J 911!atlla.rfi:Ln 01tn 011:ux'l:'r1J 0'!v':o0ua:110'1u

Ioufi oln:iuuaci6rirriunr:d'rriohjfi

4. 1 n1:aanuuuuacair.!talr,fial:6dssry,ta1dAnlfluri1rTu

c.r.r rioulttunlloonuuu riou"ltlunr:oonu!uuava;r{rnioi"[n1al:6ar.J:vnordru

4.1.1.1 nlioonu!!:vu!vr1{vqui t42, 431

t ) :cu!riurn6oulr-ln':u'lunr:oonrt!uovri'rl.J'!funr:y u:rdn:clirsio1tl

nxu 2F (N) dlfirirvun'lunr:oon[u! M = l0 k9 nruumtolfirulunru (r = 0.1m):suvvir.l
j

ro{lylarn;!fi1u Llnxufr 1 uae 2 rvilfr! Lr = 0.18 m Llav L2 = 0.17 m flrl]rird'u:cuvvirl
i ' J, . J

nrnoo riru'lu nrufi 2 rlornooir nor n1tn1u'] ruLrovlnrro:n Lvrl rY! L = 0.72 m rirrirfr

rirvuolunr:oa n r[!1Jr.] 1r,i'rux 6u

2F:2mg=2W (4.1)

01n (4.1) osld

2F =loks x9.8t ! " 
Z = Se.ZW

s

o-rrfu os16'*:qvir ft.t tgo.z ru fin:vrirridunrurravovriru:rflldudrdnr:rirurru (4.2) rfiorar

n'tvl0:flo,iu

T = F x r(n.m)

T =196.2\xo.rm

7- : 19.62(Nm)

@.2)
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, . .lc _Jd,
i1nn1v0tnv toi1nfll:n1u1 n0n1vr0:nt0.i Ir udv /2 t,lltfr1Lr1n!

a=Zru =o,JG

TL TtL , T2L

JG JG JG

TL:TtL+T2L

oln (4.3) ,ita T, , = T, = 7,

_ (11+ I2)fi.,
L

- (0.18+0.17)x19.62
o.72

T:9.538(Nm)

2) n r: rir ur ruur n r a.l

olnaxrni: (4.4)

(4.3)

(q.4)zfirr 61
60

2rx l0 x9.538

60

Power : 9.888 (w)

power x to (w) raio rrp = o.ot:

3) nrrn'luxfuuldn:1vlortaunx''tuti?:ou fr'r ur.J :'[unr: o o n u! u tfi ov'r

rulnrfiuiyrq:orj :o! Out put fi60.:nr:60 10 rpm iou In put 1440 rpm ,.Jatddmlr]lJulo

rduaiTurudnarr d,= 8 d': vid 2o1.2mm {atddlilrtulolduriruqudnarr dz= 2 {ttvio
50.8 mm tu'leMa:f1utona1uflrltilelrl{ttul R druaor{unrnd + l
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n1rrfi 4.1 ra{rsr'nroraruuruFlurn:gru

4) riru':ruurturorfi uivro:or
l4

0'rr (4.5) 00t'r 010i a'l u11'rl.J atvS 0 alu1lluFr??

_ frr d-.,
n2 d-l

dm - rurnud'ur.iruautinar rrofiurordoriv (mm) = dr-2c
t'

dm = turnrdur.iruoutjnarrraduto.:6'onru (mm) = dz2cz"
, ,i ov - a

01n n 1tu'r n tJ'r n: i'r u10.: a 1uv{ 1u:lJ dlr L{ ttlJ u n.i n 1}1vr 4.2

n1ilfi 4.2 drturorrn:muto.rd'lurrlu: el'l{uuu A

(4.5)

J,J
n'81{Vl 4.1 lnterpolate 1nl c taau

a10u B (mm) C (mm)

1 8

9.37 5 C

2 10 3

01n

f P- t, )rc , -. ,llc='r-l-- (b-r")
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qifluostri

. _ r*lo.szst-rz.s-t))
| (8-to) I

C = 23%mm

dn\ : dr-2c

dn4:2O3.2-(2x2.844)

dn\ =197.5l2mm

dm. -- d, -2c

dmr:5O.8-(2x2.844)

dm,:45'll2mm
alndtnll (4.5)

dnt x n.
n. -- -----J--------!' dm-

-- 197.5i2mmxlOtpm
' 45.112mm

o luuogr:1vtoli Loaa

nz : 43 -783nnP

. n.)

nl

. 43.783
l0

- I - .itv
o { utl a n:1vt 9tvt tq

i x 4.4:l

- .lrg.c
n 1n a9 t't vlo Yt Lou'] tu 14'10 9t: lylolj o{ tn u 5 vlo:0 u to

n.
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. _ l44orpm
n2

. _ l440pm
'*'* - 44rp^

i,",., = 32'73: lrPm

drrirrauorir Safety factor = 1.222Id

i = 2J7,1.222-^
I

i" ., = 40: l(rpm)

-vo]-.:l:uflu'roro.irRu5ro50!tvllrl! 40: 1 :0u0101.1''lvl

4.1. 1.2 n1:oonuuu:vlJulrrlvrirlluqvfi t+4, 45, 461 d"lur]:dufi ur{o':d[{lu

nr:n'rurrul:tnalriru riro':uioua'ito{n1lna1utfl do I = 50,3 1 3 kJ/kg rJiurrurar aGnd

'l{lunr:vroaor m = 5 kg uavrirn':tLiouttotnr:narutfluloto{ ala6n Q = ?

A1n 
g= qxm (4.6)

0= 5o,3r3l#],strcl

Q= 2s1,565 U

orn 1 kJ firi'rtYilri'! 0.000278 kw-hr

Q = 69.94 kll - hr

Q *70 kW -hr

o,'lril vrarafinm'luri13 6!ouavryunarurilulodlyraraGnoyfr'0.:nr:lilrcunxlrlio!rvilrY!

70 kW-hr

t) rjirrruortrSouoili'leidor.iruzufiqvio m-rurl:fi rdurdold'ld'[unr:

rirurru r.Jilrrunrrilioufir,{ara6n0io{n1: (O) = 70 kW-hr rlrrarindlrrldrtorrrfiaturrr (M) =

18 kg ri.rnruonruioulornaSn ( Cp ) = 0.486 kJlkg.K rird'lrJ:vf,ydnr:rirnruioulol

rvSn(k)=52W/m.K
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o1n (4.7)

e = mcpZT (4.7)

70&rn : 18(kg)x0.486(kll<s)x ZT

ZT =8'K
rir ar = a'x 1v'ro'sr:rn1id1n?1rlioualnzuflviodruuondzurirviorirulu

o1n (4.8)

o :-k.(2.tr.r.rr.lL. r,-r, I ,0.r,
lr In\4 / rr\ )

2.r.r.L
s'= rreJ r) '(T'-r')

T,_T^ ATs'=-R:: &

^ In(r. /r,)
.i\, = 

-

^ 2.r.k,.L
1d

,J ]L\
^ \18.s/
^' = 

,r, *rrl \ronr*,
\m)

R* :8.596x1O-5W I

rirrir Ru rruruluar:nr: o = 
A-r ki., 
RL

6.4o:-" 8.596x1O-'W-'

q, = 74453.23w

q, =74.5kW =75kW
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-J,e . oi
dniu drd'o':qr:lfiUirlrrunrrliornruluriridrrvirril 56 kw'lr-rivuurxal 1 r"xlrr.i ovdo.r'[r.i

Gurrun':ruiouurifi rvioriruuonrvirfiu 75 kw

2) n'r:oo n tuu!:s! u n'] uR! n 1: rr. rlrarivrrr rq ufifi oir ur.J: d rd ar rior
J.

U:sno!dru rnSorn:unroruvni rroilln"tjrija vrrqrruffa kf,r.roaiurr.ir :ru!aru1li [as
uyci.iiiluh'lnrv!!aaii!

3) :yuun?!Lr u isr-rrr!:fi rfi uriar!:snord'ru viovroruo.r viorractorio

rir.: 1 o-.rrirnruurju zoo 6n: vio rv6 n rvfi or d-.: rirrirriu uavn'.: uun uff a

4) rirurru:vwnruurir nr:n'rurrunr:rirurvrnrruiorio"rurj:v'rdurdor

6o turoto.rtoruonro{dafloiuo': Do = 0.019 m rurnrortouluro{viovro{[n{ Di = 0.017

m nrruuretorviovro.:uo.: L = 15 m qruu4iuonviovro.:uoi ro= 27 c qruil{!'hviovlo{ro{

Tr = 370 c rira'rrj:virdnr:rirnruiautor Copper lqoo*,;oro< = 371.2 Wm.K rirnr:

turun-rvr.:ntufou'uo.l Copper qcoppe, = 117 x 10-6 ,t/, rirnrruuuru uto.t

copper = 8,933 k{m1 rird'rrj:v3v6nr:rirnrrr:iout,o ui k*",", i ,, .c = 0.540 W/m.K

rirnruraururiutooti. = t,ooo kyms 6rd'arnr:rarqruu{firo,ift?vio coppe, rdorrar T, =

240 s rira-r :vivdnr:nrnruiou h. = 500 Wm2.K

o1n (4.9)

!:3:.*o7-@i.Fo\1 (4.e)
It-lo

Tt -To I ta-.,c-l f
a,-, =*on;;.J']

Tr-To [ /1.*r'\l_=exDl _l 

-ll
ri-ro 'l lt/1,. ll

LO

Tt-2i | ( sootw, ^t.xl^l l7' lo-{(n: rs)v60(s) 
.)l

t u"=*vl-l ttrzlw r.xt' r,oroo t ))

*l-(#)l

7't 't1

ffi: exP[-(:.ezz)]

3'70-2',7
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rt - 27 = (o.otsz )" lzto - zt)

Tt =33.43'C

d'.:riu rfionarairuh o urfiradrornviovro,runid!oulualrv.ior6uoviasuvnfidfirrvirri'r

33.43oc

r4'r o-gl: r n 1r fil ulou nr rrL iou a v aud rr a1 240 s

Q = p.v.c.(r, -r,)

o=L.v.<q-r,>(t

ll7"toj141
.t

x[zx(9.5 x l0.r nr)] xl5(n )lx(370-21\K\

Q : a,626kJ

-:.fi{uu nlont1n1:01u roufi'r'ur:ouauar.flud1':rla1 q urfi irirrYirfi! 4,626 k'

4.1.2 nlraonuuuua:6f1{[6io.litinrfiriuoT nttrslraraf, n
1 ! - iv q

n1nn1:n nul ru o{slur!'j'rva! {na1jto.i rvl6u1a tfio{rriurir: rufrtuvfrdol l
nau!:v!1ru 125-130 fiudoiu lu,l'rurriliut ur ala6niouav 16.5 vio !:vlrru 21.45

sr'u rrisuarafino-r nrirr!:vnor'Lr.Jdru ala6ntfio PP L[as PE tf ,zl Qil66o n.! a1a6n

!:vlnr qliou (PP) qruaflar (LDPE) qlfir (uDPE) o'lriunr:oonru1o1il1at5666{1d

oon[uul#rv 1udrfi'rvrarafintflodrn rim lou nr:oonuuuosrilfi.:6.inxt]a1r.trr0ri'teix ttU:
, id

rirr 1 fifir.raoioqrun'ryrro.::ulrtlhrlal:ialnuiFirnr:ili!d'ru!:sirr 160 rlarfrtdlunr: uarr

lrarilunr:1r,rla1:6a n':rrrir:oufil'trru qrura4fifi1"i"lu#orrrurlvri :vltnllu u :slu
. tr - B- . !

nx!qrnl:r1.:1uu0.: tfi:o.i anu1rlu01ntu3 alaon u'avn1un0.rn11!n0.i n1:Yluylutl0i
J q., - X - - Ja, J r o -:rnioit La Ll{aulIunlntu!fl alannrL!ur,iol.J Llr LLnl:00nu!!fi{L

4.1.2.1 :vwd'urira-r oioraur:ndovri!tn6outortuctu:ldrutdo.:trnnruvfl o
- )d, rJ-

l0.tflalasrnvt!unn lvnl1rl0LJ [u0.ilJfln5fu Ino n15 tiJ'] t1411

4.1.2.2 rv!!rzu1luri r{iu:s!ulirnrrtlioulourf,unr:lfinlrrl;oua'rni.rfl.iei1uuon

ro'rrelluJ'' vrilflufiv-iLm1ufiar{Juei?riln?'uriou[rilv!uttasn?il#finxrrlioufitfiulrrourinT:
sr - i

rUuri0RSul Ly,lLa Lr{a yrqfuvlN 500"C
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4.1.2.3 rvu!n?!q! rfluri1!d.ir6'rutufl'nti't{run'run!to,iivlJUtvtirs[{]uoo

. fr'{ruto.:o!n:njyrrb,lflrrirvuouav riJuonfrl't'Lurr:nrr-arnrrtJo -rilon^:ijrouflatfinr:u.rr

lvrilu:vuu
4.1.1.4 iulll.in1!urju oiolrirfirfirqruranfito r'[va uavo'n:1n']ilvata.ilolo.lLva')

flldornnr:lnl:laiarn:rcri]udruda'r6'rylunr:rirurruvr :viv6nrvrnr:orulounruiou

Ioranr:oonuruuavairrrniorzu6orulrrluorntuvtarafinldoonrru!druI!:rtn:lvrtiatn::l

t+zl drrranfl{lun't:rti, q3 - q.g

nrud c.a uuuqoh,rlat:6ari"rriuorntusnaraGn
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C "ri::t:r,'.:['"",""".,",
D.t. & D;r- ftL

ntrfi q.q nrnrafirsi'ouuurolnlal:6arhfiuorntusuarafi n

i - .- " ^ & - a
nrnfr q.5 n'.:ilfr ntnilulal:ia dro'.1{fl n:oiuuavnr:6od'trirfr asrEndr

nryrfi q.6 shn:oun'rdruuuuassha:or6'rrirudr.r

a
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.)-
n1rrfi 4. 7 ritnr ufr a rui n u:.r6'ua{ suroGur run'lrriou 25 kw.

i - a e" - -- - i
nlvivr 4.8 o{tnuu1flullatso{onund I aoolnn']5n2u[[1Ju

nlyrii 4.9 totvrlal:fiarirriuolnrusua'raAn{ulo 5 fiIan;rrv{a1aAn
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- U - - J oo ) z
4-2 nlS anUlUUOlntUEYial6nn[YiO[ttUfllSTndAUtn:O.lUUtl

4.2. 1 nlrr{enrlT fuo'rnrusr,{a1dAnrfi oldlunr:voaorrniosauri
lunr:6nurovlt'r,ra'rdfi noi nvar.r ,:natltuvtonLvflrJra [fioi?'riulillr! ti'rrno

113ud111! i'luirrqra:rtrori fi.rlur,tqrlilrnaur us avd:v norll drutuvnarafr niirvrr n

Q{ alan^n 1nsil:snouhJ6'r0 aara6n PP, HDPE LLae LDPE t2l nir,lanfifurdoL a.:rya?

alnruvflalafindurflunr:uJduurue alaAn'tlinaluriurirriulounr:o1d'uoo16oo oo
- .jora0!rval Ltasfl'ut3[vunalut1]1.110!0{1ra1afin {{tun"i5srfiur1_lul010{ a1annfi0.r

:rflornornrauiooonilouL[acoruynfifiosrirlfiuarai nnaru riu1o arafinovd'0.:fioruvnfi

oeifi 250'c fi{ 4ooc loro{flala6 noe0n LUAuurfluro.:rvardrui6nlinx! r u 6.rrtjunr:ao
),r v i-

0fuvn'lt0.i L0 alam noxu n1l1lJvl01r 0l ufi{vrL0:0u10.i11414rl n tuaiJ']ua{ Lun.r1]0 rtva1vlll
- r - a d v iqu , Y -ourl{nrt5:u1n1fi tun1:tuag]u1 u0''tntuz alam nua0uyltft na11 'lul.JltrJao 0u::.t'l6uLra v

nrun1111J0':u"r1r1.t tn0u 1J1.l00!n15fi an!1!u01ntuvfl aldono{u

4.2.1.1 .gli-ul.lrra1afi.rfiav oroo-rrrrd q. t 0 1r'rd rlLdr rr,av asr-io'ra:- os'rn'lfir.rir
i - ; - Ne

4.2.1.2 r".irala6nfrrniulli 5 kg udru::lrdrltflun'.rtfrn:oid'sn1y{fi 4.11 tlor.h

d'rrlfrn:oluav{urionlfiuriulorufiurju{anunrruiourflun"'ltorfiunr:ir6rro{di}r-u

4.2.1.3 Lfild1a.i1ufl.:atlu uy:*orY.rvdor6u :srrru z0o 3rr: uavr,filrfrarlun-r

dnuriiarj:clrru 5 dm: oiuaofLunflfi 4.12

4.2.1.4 eollifi'1rfiava"n riJona'r uflava-nrfio}i'orrriouurirntlfrn:ni druaol'lu
; ne

nrrfr q.t3 lrinrruiournrr-!n:oJfrfinaraGnoqjrirflu ornqrura4firln6hJoufirlofrraraGn
; - e. !- )

nf,uo"roonurrtjurirrlu ilov otiLudrroruunfi 250'c 6r +00'c Iounr:rfiroruvniluuriavdr.:
' dorriou 1 rJil}irfirfiunfiav 5 fi.: 10 oi61r{ariua rfioncrirlfiilarafinriou 1 r!6uu

an1!sninra{u6{ rfl utorrva:uavtotd6
, X-.h c. )

4.2.1.5 tn!9110u''r.ru1LruvrLoalnn15 Lfi LeL:tauavn?!ttuu[a']0ut1Julj0irval 1.:

ri.rirfi16'o',rnn:ru1un1rlyrle1:6a oruurfi fi 250"c 6i 400'c ovldrirlnf, rirmr a rduuavfi

a?'ulltfi of, i fiinrvrfi q. tq ur:'',rn'',:ndur,-rro.rri"ruiuu"{riaul:ni
) avq.2.t o duv'rLrffaraa"nrJaiouhioi!!n:rfrSuo-ra.r firl{rratJ:vrrrru a-to drbl

udtitorornrnori!olooniln0'.iilin:0j
4.2.1.7 d1#rfiudtriornn:c!runr:tnlahdatudod 4.2.1.5 tilflf,ir'tuuonduriio-!

d:ud'ruaoflunrnfi +. ts rfiorirnr:na'uuanud, 16ud":otirrtonirriurdorvr6rfioruyni zso'c

orli'rirrirdfif,ua6o.rrasasol06loufinrualll?ndruri'urirriu6rtavr-rtrjninrufi q.t6

q.z. r e drhundkitilyoaotar116nrur{Jurdour6.:rfi ulrilrirr:iu6urari'rh.J
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/

n1flfi 4.10 fla'rd6nfid1{d&orsdfl}ild s t<g drurniord'.:6inoa

nrufi q.tt u::o a'rdfinlilrrru 5 kg rdrtdlurortJfin:ai

n.rrd +. t z rfiurirlu o'.n.rriordu :vurru zo0 6n: ua srfilrhafl uri.r6'n uff arJ:cu'r 6u 5e or

ntrd q. ra pb,,h[ruffardotfinmliouuridltlfr n:niuavrJiu{nruql

va
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n1ild 4.14 tlrrirdtd.',nntrurunr:1r.r1:latadtieloruvnfi 250-400 olarsra160a

ntrd c. t s toraona'ua'rdudru

a

a

nrud q.ro tLriufildo.nn.rndutia.rqrura4fi 250 a{fi1rsa16ud

fr

n

I

l1
I
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4.3 nliarnrlsfalrihnrlrdaur6.r
4.3.1 n'r:ilnt1lrinnmulr'l (Ftash point) ua;1n6nbll (Fire point) a1rLl]'rfl:n1u

ASrla D9z Inat{rynin CleveLand open Cup rvrm-rotirlusrfuludrsyoaou'lfifiili!rn: e/q

tortiruroao! rjrrvroflrlirnoiltuufi!uyiudo'[uuur6ruavo-nl#o{rirurr:rriurYllouJarlv{

ornriuoolvlfionuJarlvlvnaotuavlid#ularhtiufiuuln 4-5 fia6uLm: n-ruaorluntrfi
.i - , ov ; I - , ! - 4 -i4.1,7 ao .l rY{tJofufin! LrH! Lun?1u:0uou1{11 "l uavn.ill u00ix0u'r{lj'D.lut.lqtuu{ttst1n21

oorrrlrl ti'[{u]ar1r'lvroaolrn6ourirufilavoaor nr:airuula':lvflfir.iiueirlnnfi!dna1{ro.i
v I ;r .i o ; N.i :t' i,
01uyroa0! n'r5taa0uu00.irna0u t1.lrLu1:']uuayun't'DJr:'ta!1ta o rual LflYl[na 0uy[.]'tu0'lu

.i .;-, q ) s ,

roaolnvo0.:0ua{n?ln?uyrna 0u Lt.rlnu 2 !aau]gn n^5tnaouyrLy,i1Lt lu .r{yu{ [a1nour.]]u
- i -{, g.; o i - 3.nd'!rr rio rfrolv'hruf,ufiifl1o nnxu.:!: rirur,Jxflo.:sno u'r.ru'uilJ lfrdruniroruynfiorn

) ^-[yI05u]t]19t05 [a']uuynzua ti0tufin!o.lfla11ruu0tt111J tll 141nn0.in1tu100rlo [y{ Lyn']'tLl:ou
, "" -q,.i vor .t- , ?--.

riusr"rodrrdrfulilriou 1 udr l{uJarlrirn6oufrrirrdruvoaol oun:uvr"{orirorjridrriufiold
ZA

uavan[ul] nfluuna00no LY{tta?01un10fufir]!n'1fl tyl05 Ltu.rtn0l ualul,lyln a

n1fld 4.17 soodn:n:irn:rv#yrooarub.luacon6ntl.l

4.3.2 nl ra ln:']lririrafl lrial:jtr,n c (Specifi c gravity) n 1:Jrl'rst:!r! ASTM D 1 298

Iou'['8'Hydrometer nr:tdrrulalo:firnoi lnu{ulalor:iurro5 a.rlura.rrya'1fi6'ornr:iorir

arurirrr"rrflrc douli'1o1n:i roroi ir.ra.ihto.iLya?nun:vyr'rr,laoi r 6'r,raoflunrnfi q.18

- ,i -a{01un1n1n11l.J01{nitfl'tu01n:3rlun'ttat!1.Juyr.ilaLfi:!rn0:11:t't ft11t0,i10.1rua't $a,)

riufinrua frryr.rn:fifiuvir1aIo:firmoiol#rvua,uaorirsl'ar1d1olo:!usroituroty:.i fifi:vniu
: , a tr -, , " ,;

nt5'tuo1fr1'u]01.i0'1111'tu 0r1n?101J tua{01n t0nLfia?!o1n't''lt.l01,i0'1t1I'1um''tn't,Ds9i1Jfi1,t1l
tJ,s ,t

rirriirryrrcrortolo:irmoifil.fioqj luyrrw:rn'u{u n:d loln:filrloiaoaodrufiotorryar yio
-;o!rfiu{16n{ou lrioqlu:r 6'lfrdrurirar rrtrir.:sirn{rv1d yilr ufir rirn?rtri.tid1rn1&fl0.i

' i o"r t - .
fl0.:ryA'tA.in?ryos Lt lgLfliuLnoitulftriina1l,o t45oyutUd{ tO lryarlnrrr:yfroa.l u:lsl-r r- --- ' ''- '- 'ii - '-' -" -'' "

4.:1alo:firmoituroo"rneirr6rhjaurrnorL6'xa.116' donl::ciflunr:irn:rcfnlrxrrir.ilirrflrv
eirviuT:t{tolo:irooi rarnhiy:rtriroruri:riirurrvro.liro,:rya1 lfldtaio:firnoififi:cd'u

;,n1411!n?{n1t 1v6.in11:eo!n'1al1 nl.i0'tty'l'tyytn0.ifl1t111'tu

;
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J
n111?r 4,18 0U nlfu?[nt13va'] n?'lu 0?{ 01tlI1e

4.3.3 n1:erff rlsr,irirnruioutrorrdou,rf, .r (Ueating Vat ue) gtr!tlryli!1u ASTM

D240 rdoroaorllrrirnruiouur.rudouri.r lnt'rldrnia.: Automatic Bomb catorimeter Erio

Leco Automatic Catorimeter iu AC-350 Leco lntruments (Thai[and) rtd. o'rrranltuotrfi
q.ts lijodlorn PtPEr (2ooo fia66o:) rdr BoMB BUCKET louhirirn:cr!fiirf.i ro.: BoMB

aucrer rfiorrrd1raeao o.io1n1fi un BoMB BUCKET 1U1r.rfi BOMB BUCKET wrrr loal#
or"ruv rfirrl BoMB '[u BoMB BLCKET ou'ludruvrir rfiofiocfido.:drrrofiovl#llr[otor

sr RRrNG vr:u'lriaso:n nr:rsriuul"ittiurfior-orirnruiou oioll::orirriua rluunlra l3r.r1ru

o.z nir rfiorlolfiunr::rruuroru:rliu drunltar::oa':luriro uair6n#':1u BOMB dialo
11l.J1o 1o rquGu:s': runfirJaruvirao rdr.r udr6'or{JL:r-sr-r u ornriuo-o "rffaooni rou luan

llorrli 420 psi kidfi"l sol/s r?irtdluor-: Bollts udran BoMB h1l{h BoMB BUCKET rau!

aruloihai z rd'u uirlJludorrf,ur-,doiruuutor BoMB lnu i'uare,lrflu.irufirtluouruodrlri

fiolourirlu BoMB BUCKET rn:rvovrirlrirlSrrrurfru.lfiuuhj ni1n6o! BoMB BUCKET'i1i

vlorornrfioonrroln BoMB violri rfion:roaounr:irtor BolaB drirrirrlir nr:irn:rvri
.te

rfrrrtrn vrnr nnriii 6o{{Mn:1ado! olnfuiJor]l BoMB BUCKET n:onritarintonirrTu

udrnorh srnRr rfioGrrirnr:iln:rvri rruclirnr: PREFIRE un?urlanro.rvfilnoovuanl

oruynfinralu gucrrr uavfivrirooovuaornarfifiarrfiooo ruSE vniurfi rioufi'osoo
- -! .

FU5r ns!r6u'i a fllru a{ru}uo:Lrirrion':u'tGN[e ' n:cr3ldufroo truc POSTFIRE Lro')

luao torvirooovuao.rzuaoruynfito.r BUCKET frrfirflu (Dff-rA T) uasfrdlutLan.lr.ra n1t
i4'r[a:''rcr,'to3Lrao{r']arvrvaoto.:nr:irn:rv# lD coDE uavu!1u[at BoMB ttuvyirnr:

iro:rvr.{drfinr:no RE5ET, CoNFTRMATToN MENU ovrl:rn4;f,u an 1 RESET ANALvSIS d1i
flrinor6uc PREFTRE ri114flnt olri'ro eir rdfir nr:irnr:rcli ovlrionalhl frrinr:notruc

n " , ;d,
PU5 rF|HL rn:O.ioenTu.tfunlnl',r :OUOOn lLyrlvtr.JtOrtA AE nO Z ABORT ANALYSIS ,{hr15."-
vuqnrr'rrn:rvvrlavauurvunto.rm-?otirroonhiuavtnfinzua nn 3 CoNTtNUE rfiolvlnia'r

l-
iro:rcrriol!vd'.iorniuaonr:iun:rvrfl#uilorlrtol BoN/B BUCKET ldrir16odrnruasorn
'hfroras TEMP PRoBE 6larurnihdoon'l{irr6oarutfiuri.r un BoMB oonoln BoMB

Bucrrr lquldfifir ,rd,lo.ln aorr,te aucrrr nail6ud RESERVoTR rnNr l{firrforirnru
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asoio BoMB BUCKtT ri'rruird'xodrrfinr:uzurlr.rrTtriarLl:niol'orauzuanrri ro:rcfd{uacrir
-. ri -nlrirnrlyrlvri linn?1 u11flo.iihdfrrvfioornnr:ira:rc, drl!araon01nal1 u1x1ro.!ilxai

fitairrirkJlunoud'u ud?h Lrfitrnxuurlro{ihdfi1'81unr:irn:rvrifir.iruurtvinnfror rir

riornr: tttRRloN ocoioldr'! soMe drudlndu uairrithdairl BoMB heidrrrrouni:

TtrMTtoN uaslirnr:ufihrir NITRoGEN uac SULFUR rfiotfirirurzuaanr:i ln:rvrflyri rir
nauavorouavdri BoMB ,iiudrnanriorvirro'oroudrr 1 frdr':oq1u aoug oontrJ uav

fro{li'r cALtBRnTE 1nn{rfiinr:uJ6ouu!a{ MoDE vior':arlunr:irn:rvririout{rnio.: oiol
- ,3. ;.,
irn:rsrfr r1l t or"rodr':rfi o lrianrrvoir.: 1 torqruu4ioqluanrrv

nt,d q.rs tn6o.t Automatic Bomb Cal.orimeter

^"i4.3.4 nr:ira:rrriaruunlnr:ndu (Distil,lation temperature) n11]}]1m5q1u ASTM D

86 rfiovroaorlrr'rriroruvnfinr:nf,uuorrdouvi6r Ioufiarln:ni6'ruarxluntrfi q.zo i6nr:
!-. ":, - - r-a

vrodouflr[]unmnauzu6srd'ruryiUln:160lfinrr fiu!::urnroloul{ rnio.:fioiloraor rfiornaol
Boiting Range ro.i Product i6nr:vroaoudfilorirvrru drvirvoaor Distittated Fuels

; ov- - - ,)- .^ ! -hiarlrr:ofrovWriul.r6mfirudfr!r.Jiurzuto.i Residue Materiat tfluiirururrn oirodrr l8otvtfr.r

100 mL nuQnndunrul6'anrrvfirirvuo nru16'nrud'uliiuln'rfi[avanlrvfiril,tuo ozur,t4fi
. ;, \-- J i. c. &

uac!5 rn:ro.! condensate frdruld rio4adu 1 frdru[h ixlr?i.i Uilrru Residue tras Loss

os6'orlirnr:fufinli o.ranr:voaorasuao':nxira-!lriuii:vrairriouavro.: Evaporate 14io

^ &q - 1 - ' ' i 'iouav Recovery rav qoJv{fi rirludnurucrflu Tabte vi'o Distittation curve lorfiooGroiu
(tnitial Boiling Point , IBP) *avrnr6oniouav 10 (ioerac 10 evaporated) r{JudrurrrGun'ir

"Front End" fi:vruuldirufiqrura4ioirrfiorirolvirnio':uurianrivrfio.irtr'[urrarrdrfirfiornra

ruu QnLoooiouae 50 rlualunar{riunir 'uid ritl vio uid Range" r{hairufits tuuleirl']n
2 ;' - ! io- ) : u u. -,t,-tulIoofuvnI6.:{u rY10 Lrrns0iuu9l5outu (Warm Up) Lnt5x n15n:v0'lusl1loilJ1l]uLtJu{

4lrirr 1 ld'au'rraloriud'lutliriunio.rld'ritru lordaoiouau go rtludruvfnriun'j1 "Back

inct" rfludrufitfina'rlrlfrrrnSoruuoiuavnll!:suu-nrdour6.r drdrudfiorura4fi4lrLrnrfiuhJ

U1funcic[vuL Mr]ouav Lvair']uuu'ue n{! a.i LUvll tvu'll.tutn:0.i tn0 0'l.ia { (crankcase

-=-It
Fa t
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. j c;v -!,1 ".2- ""--
Ditution) uaclei0!qtun^fl15x1,':!nneLnn1Ju Lnnlu']lruruutuqn!40!ulrftlu u'llrunlnv:o
3-d

rirriudrsa 1nrfiooEofr1u (Finat Boiling Point, FBP) ;irliuaol'jrfic'irurarinlrno{rrnriau
udlyu firorr16ooaovirauacoo 16ooiouau 90 ttnn0i1.i ri'urfi u lo "c aror6ofl ruvroiruaru

acorolu#oruJrlvriuavioluuruqn4uloi

n1v{fi 4.20 arjn:niira:r:rioruunfi n'r:ne'u

4.3.5 nrti[4t13*rirdtiiituu (Calcutated Cetane index) n,lljlJ'lo15'11.J ASTM

oszo d'tfiirvurfluauififrt{ioqrunrnnr:qnfiollltolrjrrTu6rta o'ti6tvun'::finirtvrrval
i . ) , .te ; d .

dl rn'r''l:r151r 0.! Ln5ansvn r1r0t1u Lv rn5 0{uu9lsro{"ru Lljrn o n1l!0n Lutni0 i uufl uavtULJflll
. -!rl:vvu'orfiorvrfrr o1tfi€rvuldornnr:rirurrufrsiorord'uzuanliirn:''rcliorul,1rfin1rnd'!fi 50%

yiooonarrtornr:16oo (Mid Boiling Point) uavnluvuru uvionrucirliirtnrvfr ts.o'c
. "i -- a

oru{LvruounlultuQlna nr:vr 4. 1o Lta, q. t t vioeiruldornn:rvflunrnfr q.zt

= 420.34 + 0.016G2 + 0.192G togM + 65.01(tog)'- O.OOo1809u'

= 454.74 - t6(l.$6D + 774.74D2 - 0.5548 + 97.803(logB)'z

G 6o rirnrrurir riirrnrv*uu APt fi 15.6 "c

M 6o oonarrnr:16ootuvriruyhir:ulori Cr)

D 6o rirn:ruvururiufi ts o 'c lurarjronilrioqnuroritoufitlor: (ycm3)

B 6o lonarrnr:l6anluu rcrorfl'rutardua ('c)

fitl.JgLvtu

fi:o
otu{tvl1.l

0.ra

(4.10)

(4.11)
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$r o rra

lr9rllullE-llll

n1fid 4.21 Nomograph for Ca(cu(ated Cetane index

4.3.6 nlrilnrlrilriraarrufia (Viscosity) r]r r]1ari1u ASTM D445 qiln:n:vi'Ldoi

u6o.r'lun1 fi +.zz dr!:vnolriru Saybott viscometer rvofllJfiLnoi urfinr6'uu':ar vaoo
?-.

oodrriu lnudln?rrauolovaoo viscometer udr'l{r,ra oooorirriuldrdrhj s mt rjilocuvni
floldl{fifurrlaigruhJfi co "c uri viscomete, arluejr:rirriur:rn:lru ru!1ru :o lrfi 1#

0fuyn!t 0:1-r'rLru Lu Viscometer tvln!0iuunLt0.tuM.JLr1rl6^u [u01.il.t11.]u o fru1lJl.l Ll.t

3 -c , ; .i" i -viscometer LvlvatJlu:tan .'] L0{ viscometer Yt 0u'rtJu Lvar.rl!tn:0:14t.l'ruvtnlvufit:un!
"J 3 -q i, a-

tl a 1$r 0l.t'ttt u !vaa tc.tlJ001ue1.t0i14ufi01Jt1a1L.al!uvnL1alyl01lJ !01u14L?u?u1vualu't LlJ

nruriurirnrdror Viscometer ov16'rirnruyfi n

nlrrfr 4.22 udel{o nioielnilslirirnarur.rfi o
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4.4 o ni6flunllvrodounl:ld[{oril6.rturaio,:rrurion:sr0ndearirfr.rdar

o!n:nflunr:voaoua ::oucra3oiuuo{1o:vutndturira-roouuldon:r 4urdtrl d,i'lrar,
Y .ip s -l s q-"" - d

: vll1Un11r5AUO',t tJU',t UvOnLUOI rl tl]:1U aV L0LO LUO.ifl',tt',t {Yt 4.1 !OU ltU',u]1.JO t?A Ll]U
.! - ) r " ! "c - i
t{01fla.:rnl0 ruLJst 61vllJ ltr1JLJt0rra r!0.i0l1,J Lun15 rUiulJ rvru!2a nunllvlfr60![al0{uusl5u
- - ;v d - -"116urriu 0fio16urfi'u uo L,Srirniur r nt usfla'rafi n ndu >250 (DWPo1o0) vl-{fiarii0uv
A ,; ; . - q."" - !

re50tuunrrlnltvtfia0u Lo[t^ n1a{i1u1]0i[n50iuu11 0s]:1n.:LtultrLJrt0r ai0'lLfl'lc

!;sdvrdnlflrtin't1r.li0r.r ofuvn![aLdu [aun1i!a0un'rt tordu HC. NOx, CO Lav CO2 911}]

.lc
a1:1rfi 4.2 Ieufi qrJn:njnr:rJfrrj6$um1 nlrfi 4.23-4.3I

ra{icEr 7.wtut!.E 13.
2r{!-ft 1Hbdhtnbr
3lLbr..!VE e-rtu
.rri vrhit lo.1r-I--lde6n@)
s&didd ll.thp.-tu(c,lkig)
6-avltde l2.Ieed.lt&(wd)

n111ii 4.23 loosun:unr:voaou[n;0.:uugi

r r ' - "rarir6'lo'o€ifion1tdr du RT14o filflunr:vroaor-rftlvtli 4.24 [nl0{uuo19l5s[uoo' .



74

.-' * ; .-'
er'r:1{fr 4.2 duii6ro.:lnio.ruunifilf,lunr:moaou La8]

nrnd a.zs orJn:njin:ounr:rirlruto{rn5o.:uud

Engine parameter Specification

Make of model

Engine type

Bore x Stroke

NO. of rytinder
Piston dispLacement

Maximum power output

Continuous power output

Maximum torque

Compression ratio

Nozzte opening pressure (kg/cm2)

Retarded injection timing ('CA)

Kubota RT140 plus

Four-stroke, Cl, direct injection,

single cytinder

97 x 96 mm.

1

709 cc

10.3 kw / 2400 rpm

9.214t'! / 2400 rpm

5 kg-m / 1600 rpm

18:1

150

17.5 BTDC

nlv{d 4.26 rnioniufindo4a (Data Logger) fifro Htort iu 8421-51

::-_

3l $1-,: I

! fti

a

IE
irt tJID
I-
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t

I

I
I

*, Itn

nT lld 4.27 rnSo.rirn:rvflorfa

i6i-
gt't5't.ivl 4.3 a uFtlolln50.:?rn:rvrilorf,u HM5oO0 4/5 Gas Anatyzer

Gas Range Resotution Accuracy

Hydrocarbons (HC) 0-10,000 ppm 1 ppm +/- Zok

Carbon Monoxide (CO) 0-1070 0.01% +/- 2ok

Carbon Dioxide (CO2) 0-20o/o 0.010,6 +/- 2ok

Oxygen (O2) 0 25% 0.0 t 0,6 +/- 7ok

Nitric Oxide (NOy) 0 5,000 ppm 1 ppm +/ 2o/o

-:4.-:-nl vr 4.28 n:r[U'1r?000l1n15dutua0{[t0[ A.l

-I

t'
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a'vtii 4.2s qn uil{t}.ld1uiurfl unlrsIila nl#riulnu1fu irnoi

i-
nrufi +.ao Iaaziirnai6iriliuriou:r6'utr'hltrortourfu fi roaS

nrnd q.at uou{ifi rno{6iriliuion:suatrirfi tortourllfi rooi

rTEES
I

]rl '! E G:
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4.5 nl5yrndau[6ou,rf, r'tutnio.ruudoo:sr0oriaurird.i6'er
J,JA;

4.5. 1 n1:fl nd0u[v{0v1du:t0usto{[n:o{uu9] n15vrfi60!a!550l-JUtfi50.iuua0vyI1 nl:
t o.3 - - - .i r- i- !

vrFra0u lfiu !{l.r1tJuot{a nurnl0.l uu0lfi[{a u!uoorlt.l a![ou1 a0.:y1y lvlJlBn']'u]50ua1uu't

€irionllri'r eirvirldr{Ju'ilora1rtnr:uliarrfiul,rafi!niiyrndournioruuoiiurdsrfi! 6fi0
.!"-Z -

rfi ur riu frI'frir uiuo1 nt u ufi a 1 6 fr n n a'u >250 (DWPo l oo) ri'ri ar :: ouv rni o.r u us{fr dr n1 r
-Y. . :i .-,,.!

voaout,/tun0un15u0uo.r'ru tunl:vro60utnt0iuuooin0 L1]u

4.5.1.1 aolivraioiu!e{G!d!rnio.ilirJ:tr:rru 1o-15 urfi rfio:olfii"rvrior6ufi

o vnfi!:vrll 4o-50"c inro!nl:rirrrutorrnioruud'lvTki t,ooo rpm

q.s.t.z rijoairdrniorflulourlrLfirmoflriflr udrlilonr:slyanlouovl{vaoob^l

arjofsrlaf u!uuaoold viovaoofi'rarsruarlarotr (Tungsten Hatogen Lamp) lrr{lu1yanlu
nr:vna or ua v'[d[soifirl tui n tn o i (circuit Breaker) rfluaivtinrrnr uriavyaooovfi

rira-rtr4flr s00 w GrsiuriJonr:slvaon*.:u:nfi t,s00 w vioriinb'larjoifltail r or.:

4.5.1.3 ior:itr'ulrhlr (vottage)InuldLaaifirooi siortrriulourl!!raoiflulv'Ifi1
. J - -- .".;' , .iqv
tou0ri an rnai LUvrurunlilnb{n:vuaaa"r (AC) ud'rdrurirfiLi'uairr-on:suab'{r{r

\ e ;e ' )4,(Ampere) LoULtIoUUUttl05 na0,i t1jlnUA1U 111[AUvn0.lnl5']fi UAs0'lunl Lo01n00UAo{,.]a

uuIo!{firnoi
4.5. 1.4 ioo'fl :i n1tlua (F[ow nate) torrirriurdorvr i r Ioa rt]orionrirlnud'l

a'.:rnmr,taoouri'rfror"ruurjl 8 mVs ovfifiorirvuosr"ruvrjr uu-airr oqlunr:lir.rrur:rfrorril,ruo
- ! -o. a - - .. d - I "" - ^:vorrirl"ulriodlurc6'u "finlu" n]Ja!r'rar al nuuu'u.rurouunoclvaa{uroufi{ "6orirr"

; i -c , Jrva, -tr.r0uM] [vaail.l1aun ltoal.rIa1n0{v1n15vuo!1a1 tLa?0'rur?a1r Lo 11]u'tu'r11001Jurna r Lu

sr'1:'r.i

4.5.r.5 ioq rura4fi loa qrura4filorf, u, qrur,rqfi rirraii o 16u, ud u qruvCfi oi nrrj
^ 

j i ^ -,{13rrrufi ufr rirrrl u r onr:inqruvnfi 6o oror rtariua ('C) Iou't{arurvroilrlnnriJa
(ThermocoupLe Extension wre) riu6'rnarflunri{n !aiualurr.:ri1uvfi.r ovriorrirrirlnfi

oiolnrrio "uac!aruaru6neiruvfirovrioulrrir- raior rjufinrlo4a (Data Logger) rniorriufin
. : " -;a, ; - a
fla!au isvrlvulvrLlJuLn:o.ruuvfla vn:.r 14:oolunloEuvnualnoouafi{ruawtnio{td

4.5. 1.6 inuffalorf, u (Emission) IouqrJn:niioufialorf, urniordovfi fi oi!6'nurus
! " -; -{ d;

oHranirfluarr qrJn:nllooYrneirrfioulirrarirfrqouffatarf,ufroonrrn^rLvioloriu r{rhJlu
;Y.i"

ro3 olarnfurns a.:anirnr: :c!lazua ude uarxrirfitJ:vil?aldoonxrlvr'vdloouaoii.Ja fufin
drnr:rldoufirrloreu HC, Nox, Co LLav co2

...i ' Y.."
4.5.1 7 riloluaal!fi z,ooo fis a,oo0 w lourfir:filni.iac 500 w ornfiulvhirnr:

riufi nnirrirr 1 orrunr:yluan'uo.:tnio.tuuri
-' .i ! A,. ,

4.5. 1.8 rfi :ournioluus{riu 2,400 rpm olnfuhiUit6nluriunoufildneim

rrudr rirnr:r.iufi nrirfrtd'srr!nr:clvao[as5a!nltdriluto{tnio.iBu0i



4.6 n1remrMifi1on6lxu
^ z - . -Jn:rufinul0un5fu L:{{1lrzuanu1!tt0'rntue alafln LvfllJlatt.l0n't1:1.Jt1:'tlJ lfrult?ru0l0u

tun r :i rn:r, riq o {'r 1 ur oaqrftin1l ii
4.6.1 dnuruvnq6 n::rtoloiuluraiorir'ldiir urirr 1ufioovkirdr6rnrua'ur[uriro'r

rirlddr ud.: ud:riuhjourlsurrurfi rLduyioaoart or 2aru6rl

rir I = Grrrunr:arfio

c = rirt{dru

Co(N
C=KN

" -!tUn:fUU K= 1U1YtOOllUlU

- - .- !
rirlcfiiruliliirrtjud'o.ru!:riulousr:{riurJirrrunr:ru6o oroovirn:rsrld'aunr:nrudur{uiio".:fi

C =0.1 N2 +0.4N +3

) - --?fl'r:1rn51uvn1Ltn1Err110uafi.ra11!al]flu0n!u51r1 n1:tJantt0.i vl't L lnon't1 n1luu'l0nuun

riort arrir'['8dr u rlurir't'[iirun.:fivi ooiulun.:fi {rixea cost) uavrirl{dr osr"r uri:mrr
(VariabLe cost) nr:rri, lonq6n::rruoroiululua'nrcrurd6lfinrrrr#rri'urilririou

4.6.2 rTUtri (Revenue) firfioornr:rluzuanriiud 6losoiuulrlousr:rriu Srrrunr:tro
; - \v! c!!,

n'rn1u'ruvriian lovrrv oaM:n0flt'ruLUll5'tu L9rvt.i14uo 5'1u tnnnc,,Juuu: tounSnnu!5u1 n1:

ar6ouiuriu

rir R = i1u16'

Rc( N

R=pN

P = l1n'r1'lutranrl"tur{riaYilru

) 
"e 

4w) d
4.6.3 Ul0[o:1uavL0uolj0.:oTLtnluLavl']uLo{.1 n11!A}Jrll.rEn!Ulll',',ltun1imafl [a')

., - !
1j1r1atn:1u1,!11!n!t an1u?fu141 an1 Ll01nn1fl a.ll'lu Ina!n'l !tn1u

rir P = r'rarirlr

P=R-C

1e{'u1u 6o lodrrirl'Udrurvirriu:ruilr,rSorirl:rfl u4uti

P=O vioR=C
- .h-

4.6.4 a:1{rrtutr4!ttaonQon!vluvl to
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Ha n1 :6lnu1 uavi tn:rvrinra

z !,"- - 3-ruiisni.rfilifinr*rfrri6nr:zu Fsrdrriuorrt uvrar ad nlo0 n:e!runr:1n1:1a6a nr:
f;-*" qcq-.,i o-- ; ,4 r .j

U5L!:{ntun1ru't uf tunlnnri trl Ll La{a rfl0 Ltn!rn:aiuurloLta luu nllnauLtun n1:vlodolJ
Z - )cv- - X - - . f - i{ A r-

ntunll{ 1ru, Lotru!n!uluuoLta LLvl0{F 410 1.llultJuvlLflllroa 0! n!Ln:0,i8urle LgaL!u

6urdux fl1.J'ro 14 Lnlrll nioln:ror-oal::ni.rv [asnri 6iosloriutoltoioluud [asfin15
; .. "j 

j , - - q-Y -yrFta0!!:1Jugl.: 
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i t - - x- - tr
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nr:u6, rn'rozur.rni[as11a1nedoifi ni1!.i1vii!ijfi'! loan:culunr:htat:ta'tfm 3 I u!u

6rariu6o s[ow, fast ttav hydro pyrolysis uavlud'lutoln:vlrunr:'[r, a1:6adx stowz-
pyrolysls fiurjruanoonrtlu 2 iltLtludo carbonization lLac conventional. t+] tulruii'uf,
ocl{n:v!r!nr: conventionaI sLow pyrotysis Ioufitixqruuqfilunr:dtJ5'fiiur1udr.r zso-

) ".1 - I ^ .is o. ^ i " -
350"C E0LoUl!ur{0LYla.:01nnT:Ll{LlLatdL[a1r1n1:nau[OULtLY]nUnnlu!1!n15nAUalo!

;iru aruvnfifil{'Lunlrruntirrroltdorvi6.:60 riounir 170"c, 170 250'c rrav a.in'j1 250"c

^ ! - ! - - - , r ,3
Lnur afl1:flnul0'run1ii.ra0lu1!utt0traiilntur alanno.l9r0!!u

-:-5.1 nllHanullluilntu!fia'ldon
v t ^ 3-

oon[!!uasdtlnrnto{t]aodlri!n1ntuu1Ia1afrn l,n u rirll dl rirri'r urJ:rirl 1 rtlu rrarfr
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q e-Ld1u 
n^: rzur Lvr Lu n 1t L1l [5 La dd, n1']lltlll0uvlLt.:1u.0fuvnr.l11Ll,luva{"tJ'lLlrx.l.lslJlJ

n'r!uLiLl, 5sr!rr1!qr.rnlrliriruto.itnio.iilanfrfiuorntucflara6n uavn"rfllfilarrr:6olnr:

durrutorrniorlnl:latafrriuorntuv araanfitfl!,ioultlunr:oanrL!u lrirri rv!!ei'1.r
.;A

rira't 6orarur:nfrnvdutnAoutoltuvul.in''lutu0.l01nn1l!fiuo1J0.ira1annr L!u0n lr4n'l'ltl

ioulurilrJ!n:rufirfionrrlrurlvri lv!lJrirlluri rtlu:vltfreruioulnurflunr:'lvlnruiol
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uffa1finr: rrur'l,vrilu:v!u ic!!n?urrr.iu sioln"rfilfi'rqru nitoilva ravo'n:rnr:lvato'l

lot or uraarvr'trio r., n r:1n1:1a fi a u,r:r u riludrufi eir drylu n 1i n'1l.J't ruvl!5 ! avrBnru n r: rirulou

n11!iOu lnU nr:oonuwuavairlrni olzu6slflriuor nrjuvrara6 nldoonuulri'luhj: un:r:

vlliefitnri! Iouldfl araAnlunliyoaou S filanilsio:o!n1:i'rafi Lxalff[dl5y]rlfu 4 dxl! l

r.Jiurn,uffauoafi6vrl{ Z.S filani:"r liri.riurofiu q r io:oion{.: olululunr:zu6orra6Er ao.zs

!'rvreioasrl Inufi alanr:voaolnlrirandlfunlntuurala6nd'iriotld
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5. 1. 1 tfi nfl alaAnriunr:ar6orirriu
- - ..;ee

5.1.1.t ru6mn1rudfr1dornnr:1vrTa1:6atrarafin rrnnrnfr 5.1 l,rl'itrarasr'nuriav

siofinrr!ar r:o nr:r!6uuanruvornr,raraGnlUrfluriiorrir lua'lfiusrnrirrn'u IounaraGn
; a. ! i"" - .j

tuo PP 0ya1!'t:0[UauttlJuLt0 L a{rva1 Lol0uau /2 t!un1nttn150uav 2l uav[navl
s3i<!

L!n1uLr1rL0n:0uae 7 Lfiuu'rl4l.Jn }\a'ramntlo LIJPt a1!'l:0t!a uutlutt0. a.:Lva? l0uac
:-- -4, -^i t

68 rf]unrn{rflliouas 20 uas LLFdfrhinruuriudniauas 12 loudruu-n alafrntio HDPE
.; a.3 ., !" -.h'0ca1 150 ruauurluttorra rrvallouav 66 r!un1n1tn1:0u43 19 uavLLnav $n1ultu1lon

| - ,) a I
:0uau 15 Louulvun llalaontr.Jo Mix au1: nt!auu Lllurt0rY{a.i Lualt0uav 69 ruunln
a-. - +, Y - t
frror5ouac 17 uacLrriafrlrln?!u !6n5otav tq Ioudrvfn Inuvrarafintio laix v6o

yrar6finiraurflunr:r{aun'uaodluo'rti:sno!tuvtra'taAnfittio'tna0lufidrnhtuc!ai.lou
i - i'rr

[rfi!1atr0{x't5u1i']:1! 01n10!a!1,ivruItLt11an6?u110.:rt0[flanrfia1 [o01ntuufla1ann[sl
- J g ,)q-

avriolrju0nril.:ritlrL1nin ri'.rf,qrJn:nifrl{rv!1ed!n"!n:v!1!n1r1fl14h6fl uutl

conventional loufinruaur:o'hnlr t!6eru t{]uttoL aiLva?fiiouas 66-72 ffiotfru!n'u
Z - - -hqu'rvufl?ra.rtuv ala'lflvtLttlJ

A - - a*t
n1ilfi 5.1 ru6nnrurifildornnT :1n1a1t6ayrara6n

5.1. 1.2 axrrrdrriuritarqrur.r4itutnlilinin:fi!tlai lunr:zu6nrirriuorntuv

alasl'n 01nniflfi 5.2 il!'jlqruu{ilunr:ririlfrfiiurto,i a1afinreiavtf,oriuovoqludr.r

hiriu 300"c dlr{lutir.:fivrarafinueiartioalr.rl:0ttl6uuanruvorntoludl tflutoltuar uav

r[]uL0Lo Lf'ul,!a1aonunastuoou!t1.l0tuvnLr tLgl nF]1inu ltalann{uo PP 0vlJt1'l0[u14,]l.J

1,unr:rirrJfrfiSorlouraAufi 195'c vrarafintio LDPE nsfid'l.loruu4fi'lunr:rit.Jfrfiiurlotr

rofiufi 192"c flarafintio HDPE {vid1.iq6uv4i1unr:lirrlfriiurloura6sfi 207"c v!a1aAn

tio uix ovitjxoruv4filunr:lirilifiiurlouradufi 191"c rrsiovrliulti'jlflalaAnuriautiol{

rrarlunr:rilJfrfiiurlrirvirriulnu fla1afintf,o pptdrrarlunr:rilJiiSur 210 urfr vrarafin

rio LDPE t{rrarlunr:rilJfrfi3or 230 u1fr ila1a6nxf,o uDPr l{rrarlunr:dtJfrfi3ur

I gas - residue loil120

9 roo
,
880t

ag 60

qdo

0

220 u1fi uauy{a1afintf,o uixtdnarlunl5lillaniul 260 u1fi

PP LDPE HDPE Mix
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400

U
e- 300
E
af 200
o,
cL

$ roo
F

0

--.a- PP --C- LDPE

---a- HDPE --r(- Mix

ooooooooo
-<la.-o.o\oo.Nrn NN

Time (min)

n1i{d 5.2 n?1ud'!fiudta{qruil4!'tutnlilAnrniriurrartunr:ru6oflfuornrersv{ara6n

5.1.1 3 n11r.r6'lfiudro.i!3rrrurdourfi rrvarfi'urrar1unr:Hirrrirfillrnrug
- i-- ,^ J ., - t -lrala0n 01ofl]lrvt 5.3 uan inllrJalllruDt0{1J5t.r't ttorYra rLual n![?a1Lun1:zuanu'luuoln

r8vlralaanrio PP (q.iiou),LDPE (qru,tiur), HDPE (61.:#?), Mix ( aiafinfta!) orrfiuli'jr
.^ f; - I - -ihr

rji r r cut o nirrTu rfi o rflA{rva?fr1d0'rnnr:tvr1al:6arorna1afifllrriaytfin0vfinrr r umnrirrfiu
.^2"3

ndrrfio tlSrrruto rriorni rrvaror nnarafrntfio PP da 4820 mL uSo5ouav z2 loadrv{n
rjirrrurolrdoln6.!rvaxninrlaranntio LDPE 6o 4400 mt vioiouav oa lnurirrafin
.-!.3

rjirrrutorrfiouriruaararnrarafintio HDPE 6o qtso ml raiofouav 66 lnrlriryfin uas

rJirrrurorrdornfi.rrvalornuarafinsio Mix 60 4s00 mt vioioaac os lnudlufin #rdr{Ju
..j - i ^ ,i q-

tJattlil nat]!gl Lun15rUauua011.ls1,0.: a1aoflu0actLo {.i a1anndl!1t0 r!auu60'ruv to

riofinr:uJ5ouur.Ja.iotuunfi,t5oa11ld'u loufioruvnifi;ir6'rufiriur{orrYunllr!6u!a01uv
6o qrur,t4finr:r,taolrgr-1ro.r An (T-) 6urara6n LDPE fiqfuu{finrruaorln'xrol enllullru
1100c HDPE l:ur.l')tu 1350C [av PP l:s!1fu 170.C [5]

ooooooooo:slt-ocn\oorN!1
c!N

Time (min)

nrnd s.g nerufiuriuritorGlrrurdarxf,.rn,tarriuraarlunr:Hinrirriuornturlrarafin

6000 -r

I --.o- pp

5OOO -.1 r LDPF
I

7 4OOO ..1 --r- HDPE

o, ^^^^ i --x-ui^
F JUUU .1

:, I

g 2000 l
1000 ,

0
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5.1.2 n1:nfru;hfur{ornf, rryaruarauri6uorrdorn6.:dtd
, i - .j{- i "" -4 '5.1.2.1 aoa1uflO{rrAL a.:Lya?y LOil nnl: nAUUI'^IU Ll.JtX{qruyQ nli 1A1nfll

;_ i - .iq v .t z-q ,

fr 5.4 ran{a'o6?utoutorndrrvalfltd'ornnr:n6'urjrrr-u'lutixqruu4fioirl 1 lororwirlutjrr
qruv4fifiun noirrriuriurJirrruriiounf,rryarflld'ovfirJirrruiu,q neir':rYufirov uXukiir rara6n

tio pp oruranfinr:ndulurirrfim;rn'ir tzo'c ost6'rjirrrurdour6{rya'lfiiouas oo oruranfi

nr:nd'uql-rfi 17o-25o"corldrl3r,rrurdo,,rilryatfi5ouav 35 ravoruunfifll:ndurTrfi4ln'jr
t ^ ;,

250'C ne LrilS'.l1ilr{ou,rd.rryarfr5ouas 25 lou S!10: l{aradnt00r LDPF oruynfinr:n#u
'trdr.rfioltrnir 170'c nvtd'liilirurdourfi':rvarfiiouav 30 orul4nini:n6'ur-rfi t7o-250'c

J - ;, - "i - i
rcliuiilrrurfiorilfiruvarfr Souau 35 rauoruvni nrr na'ud'rfrarnir 250"c ovld'lilrru
A - ae

rt orndr rvarfrSoaae 35 Loalilrn: yrara6ntio HDPE oruunfinr:nd'utu,tirrfroirn'ir

tzo'C ocld!3!rrurdorvrfi':rvarfiiouav 25 otuvninr:na'usr-rfi 170-250"c oc16'!irr6u
{ - d-

16ourdlrvarfriouav 35 ravqruv{finr:ndudrfrarnir zso'c oskilSlrrurfiourdrryarfr

foaav q0 lotililrer: narafintfin Mix oruvnfinlinai'u1udr.rfisirn'ir 170"c ovldJ3il1tu

r{ornFrrraarfiiouas 30 o ynfin1:na'ufi"1fi t7o-250"c orldrjilrrurdoryi6rryarfiioaas
30 uavoruvnfinr:ndun'rfiarn'ir 250'c nukililirurdornirrvarfiiauae 40 lou!31lgrr

i,-^!-i
fla16n nLtoractuo!n1n11!fr?.t0'ttYl'tvv ,Lorfl0l'r.in! ftatJa0Lg0t a.i Lva'tvrLfi0v[afln1{fluo'] u
! '- dJ - i-
fiuoqjfiiar:rnfi fr unnsir{fiuuavlo:.rail.iroirala6nuriavtiofr !o glutuv [30] ra1afi n PP

.44- . 3 -ruua0aL!0lvllanutu8[tlJ.iuflii n4Llul v]u00alltol.r u'D.rlruavFr't1l.l50u !Fr101'tx.lfr't.i0'rtt'r1v

0.905 LDPE firirnrurir*ilurvlutirr 0.910-0.925 HDPE firirnrurirgirumvlurix O.9ct-

0.965 t5l filvrvitrarafin pp fifirirn':rlrixq;tflrvortraolf'drzuaru6nfirtjurirriuu{or,vi6flu

nailunat{a!a{ axuralann HDPE fifi rir nrrlrir.rir rnr v ar ocl#rir r.rarJ infi rflurirriu
L?ro tlla.: o tqa a {

100

90

^80s
- IU
!
o6u'i
c50o

Eoo
.E 30
o20

10

0

L DPE

ntrfi s.c a'ndruta.rrdonr6rruarn*tdolnn.:nfrur:,,rirrluriaooruranfinr:na'udr.: q

l

l
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nT :1{fi 5.1 alffi ta.rriruiu16o[nf, r[ya':orntacy{arafi nrfi uufrurirfudrqa

orr:rlfi 5.1 auffito.:rjrriur6ou,!6ruaarornrus alafinlfiuuriurirriudrqa (oio)

Properties Gross

ca(orific

vatue

(tvt,/kS)

Kinematic

viscosity,

cst @ 40"C

Specific

Gravity@15.6"C

Catcutated

Cetane

index

Standard

test method

ASTM

D240

ASIM

D445

ASTM

D1298

ASTM

D97 6

DieseI 45.5 3.162 0 834 64

PP 4A 1.970 0.750 40

LDPE 41.5 2.310 0.780 40

HDPEl 42.5 2 424 0.800 51

lvltx 42 2.630 0.800 55

Mix Dis<170 37 1.732 0.735 35

Mix Dis 170 250 40 1.810 0.780 59

Mix Dis >250 46 2.085 0.800 75

Properties Ftash

point, "C

Distittation

temperature,

"C @ 10olo

Distittation

temperature,

'C @ 50olo

Disti(tation

temperature,

"C @ 90olo

Standa rd

test method

ASTM

D93

ASTM

D86

ASTM

D86

ASTM

D86

DieseI 75 270 300 350

PP <25 100 160 270

LDPE <25 100 175 285

HDPE 1 40 100 210 320

Mlx 50 100 220 335

Mix Dis < 170 <25 100 130 162

Mix Dis 170 250 50 170 200 243

Mix Dis >250 60 245 280 320

I
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5.1.2.2 dilfAro.rrirriurdorlr6.:ryalorntuvnarafinlfiuuriuudorvrfirdrravr'rhi
; _ i ^ - iq- .? - tr

n1ngl15'r.rvr 5.1 al.]!91110.rttor a.i rvd101fltJU u11a 1a rl nyl Lqfi!?'tIatu n 't,:tlt0t a{yr
""- "" - 2 ^ ;"rliu! rfru!1(i,iudrfiurfio rnilr.{rkJolrrvioin a1o lou ranrcodr.i0.r rfio rJilr.l:rnrunrntor

-!-.:,.i"-,^i-a.
rt0Llrai Lva'lQ1nvta1a0 n Lfiu n1: nau9rl!n:v!'lun15 nauala!a1u Lto6uunrinli neiu0rlI u
, .i , - ! - < .r!

drufiurirtfiotolu6 aunFr 1os1{r6or a.r ara6nr.ra! (l,lix) rrltlunr: na'luo ndruoruvnfi
.i a .? - - , q ,Jtitalll]srto xltot airMa?tuon11 dl oi9r0tlJu

t) rirnrruiourfioL a.i (Gross catorific value) srlr lniilu ASTM

D240 r6orilA{6r{afiri1 45.50 MJlkg lfiourirruaxolnralfifinrio PP fiFi1 40 MJlkg
{-
Ltorfld{Lua?o1nflaldfrnsifl LDPE firir 41.50 MJ/kg 16ornfir lyarornnalfffintio HDPE fi
'!,!-o,iA1 42.50 uJlkg 16o rn6.: u/lelor nlralafi nrio traix firir q2 w/kg rfio.lrirrvarlutirrfr

qruy4fin1:ndugirn'j1 170"c firir:z latltg rdourfi.:luar'lurir'iqruyqfinlina'rtrYxfi 170-

250'c 40 u.t/kg uavrdourfiiLvaxludx.ioruunfintnd'ud'rfi4rn'j 1 250"c 46 M)/kg

2) rirnruraf,o (Kinematic viscosity) @ 4O'C ni! 1n:n1! ASTM

oqqs rdoril6rdrrai)a1 3.t62 cst rdoruirrva':olnlraiafinrf,o PP firi1 1.970 cst rdourdl

lva1alnflalafinrfio ropr firi1 2.310 cst rdo rufirrvarolnrlaldfintio HDPE fiFi1 2.420

"Y-!-.,i-":,lcst r{0tY{a{t a?nlnYraldnntl]o Mix ,.rn1 2.630 cst ltoL a.:lval Lut?ir0 yntnlt'rciud't

n'i1 170'c fiat t.tlz cst rdou,r6rrvar'ludrroruvnfinr:nfiur-rfi izo-zso"c firir t.ato cst

uacrfl'orrf, rryarlrl,tirroruvninr:na'ur,r"'rfi aln'ir 250"c fi rir 2.085 cst

3) rirnrucixrirr lr (Specific Gravity615.6'C) nir]r]rr|inlu ASTM

Dtz98 rfi'our6ldlrairil 0.834 r{orvriru,rarornlralafinrio PP fiFi'r 0.750 rdornfilryar

ornllalaer'ntio LDPE firir 0.780 rfionrfi.rtya?or nlralafintin HDPE firir 0.800 r6orn6r

ryaxnlnr{ardfinrfio tvtix firir 0.800 rdorlri rrvar'tudrrdoruvnfinr:n#usirn'ir 170'C firi1

0.23s rdorrdruva'r'[udrrqruvninr:na'usr-rfi tzo-zso'c fiFi1 0.780 uavrdoruirrvarlurirr
- "i - tr , -_--_o6uvn nl:na'u0]'1fr6.rni1 250"C fiFi1 0.800

q) rird'tfiirv:u (Calculated Cetane index) o1r.D.r1n:t'ru ASTM D976

rdouni rd rsafi rir 6q rdourdrrva':ornuaraintfi o pp fi rird'tfl fi rvr:u 40 ldorn6': lva:orn

alda'nrio rope firirrrirficlvr:u c0 16ouvr6.ru.ralnrnflardAnrio Hopr iriroirfifirvr:r st
.? - __ ! i - ., ;
ttoL anruali^ nnal ds'n{uo Mix !n1otl.ttlvnu 55 tt0tfla 3t al Lutlivrotuvnl nltnaurl't

n'ir tzo'c firiro-ridrvr:u as 16orvi6lrraadud':roruranfinr:nfiud':fi tzo-zso'c irirri'rfi
. .Y - ., - i , -_--_grvEu 59 [asLt0rfla.ttual [u{1ioruMfll]nllnaurl?v]a{^')1 250"c !n1011.J{Lvl51.r /5

l) nrln'lrlrvl (Flash point) 0rlr!1niI1u ASTM D93 r{orvr6rd rtafidr
t^

75'c L6orfla.irvala'rny{a1afinrio PP idl <25'c 16orvi6rruararnral6frntin LDPE firil
.2s'c rdouriuvaxalnflaiafin{io HDPE firil qo'c r{ourfrrlvaroin aiaintfro Mix firil

so"c rdourfir rva:tutixfioruranfinr: nfusr:rn'jr 170"c firir <25'c rdo rnfir uaarlutia.:

otufinfin1indu6'xfi tzo-zso'c firir so'c uavrdornfi.:rvarludrroruu0finr:na'ud'rfia.:nir

250'c firi1 6o'c
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6) rirqruvnfinr:naun-? (Distitlation temperature @ 100/6, 50% uae

900/6) n'rulJlnin1u ASTM D86 rdour6.:6lqafirir 270, 3oo,350"C nllrird'! udarn6.:rvar

nrnuarafintfio PP firi1 1oo, t6o,2lo'c muiiroll r{orvr6tva'lornrarafi ntfln roPr firir

100, 175, 285'c nrild1o'lj 16o lnd$varornnarafintfin HDPE irir 1oo, 210, 320'c
i-oli!a10! rroL a.rrualolnylarafr nrio uix irir too,220,335'c !60r a.:L14ar1uti'r.:fr

oruvnfinr:na'usrtrn'i1 170'C firir too, 130, 162"C rdorlrd':uaa:'hdxouranfinr:n6'um-rfi

170-250"c firir tzo, 2oo,243"c ua"rdou,rdrrva'r'luthrqnru4rfinr:na'ud"lfiarnir zso"c fi

at ZqS, ZAO, aZO'C nudrrir-r
tr - ! , ! ! ^anlnau!o!0nrt0rlla{Lr4a?q.r Lunal1 '1ul.J ru11Lt0[11a':ur]avtuo'.l6uu0rvl'l.r[t0r a{Yt

J a - ! iq,! - ia --ic va - !
ltnnnl.inu [ 0 [vtu! n! [t0tlla.!u r!ar1[u tt 0 llranv]!a!unvtLna tn g,i n! tt0 tlra.:0 [ta n0
J--.,ia,---.i

16ouyi6{ornrucflarasr'nnaiufroruranfia'in'jr 250 (>zs0) a'nrgruvfrugt nmrlnntorzu6mnr-ruqfr

rilutouvarto.:narafinuriagtio duo qjriuar:rnfifi un nsir.: nuuasln:{air.:t orvra rafi n uria v

tiodioqlurav taol lourrui,i'udovrirnr:voaorar::ouvlroiLnio.rul.roifildrdorn6.rorn
-!nrJyflarafr nrfru! ri! riorndrd rsa Ioo'[dr6ornfiror nrusvrarafi nna'ufr oruvnfi ar n'i r 250

(>2s0) drfiarLlhvr.rrdoruirlndr6urnfurdornfir6rrauacruurva f,!nr:'td.:ru'[uroioluusi

fi tta

5.1.3 nlrern:lsriondlvrulunrrru6srrhsiuorn!uvyrara6n

s. t.3. t nr:6ooiuvru'hnr:n6mrirriurdo,n6r ornmr:r lfi 5.2 rrirduvunlfilu
nr:ru6nr:t,uiurdourdrornrurnarafintolrn:'or"[nl:ta6aturn 5 fllani!naram'nsio:ollnr:

zu6qryjrfi! 80,ooo !''lyr 6'uluriuurJ:1unr:ru6mrjrfurliour6lolnruvra'rafin :vnolrirurir
yrara6nrio:or nrvrarl 20 !1vr rirufiauoafi6 62.5 

'J11A 
rirb.h1r +.s urv rirrfiou:rnr

; - ^ - ,i
rnSorin:6nnuo"vrrru.JfiuuurJa.:{rh.:nr:rir{ruviosr1lLiiruruzuazu6n tlol 51.33 1Jrvrrio

c-,.ion:{ n 1: n n n r La ou r r n r ru ofl: r r!6 u u u! a.i yt r r.rdxll.: nr:rir r ruvio m1r.rli1uluru a rJ A n

(Services Hours or Productive Output Method) rilui6fi u.rrrvdrviuvrintiiufifi :rnraoar
ufio ror nnr:1{lru!rnnirotaqa:orrl:suuL'rar lou raiorlnlal:6a'[drurJ:srrru'tunr:o-orir

irnl 80,000 rru !:vrrru nr:'ir orarimiudrldvrsr i1u o,zso r,lriru uacfiFirgrn 3,000 ilrvl
Iouarq6trunr:2fiofi{uac t nir yio zs ailriordol u5o 3oo n{{dofl drrdol:ror'tuuoi

acilrvirriu (8O,OOO - 3,Oooy6,750= tt.qt uyrsiouil: uorazuan fi.:riu rir ldol:r n r lniolt-n:
luusiav:ornr:2fin = 11.41x4.5 = 51.34 !lyr lunr:Hfinrlrrhrdourirlrnrus ara6nov'[d'

rirriuradu q.5 in:rionir ornoiuyunr:aindr:siuoc rliuld'ir:rnrduiuarnruv ara6nrafia

rio6n:fi ao.z+ ury rir6o:ral6ornnrrriryrjrurjrrlufildornnr:tvrlat:6a +.s 6m: 1 ar
as rryr osfi:ruld'riluriu 157.50 urvr
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J-- e ^ "" - Z
a1:').:?l 5.2 :1un1:Ftuvunl:ruaau'l u[tatlIa{01nlj8v?ta']6fl n

AIqUT 51Un15 o'1u?u}luxu
lln1flo14tJ?u

(urv)
:?U

(u1fl)

1 rnsortvrl:lafiaturn s

fiIa n iillrar a6 nsio:o!

l tfl 80,000 80,000

2 n1fla1ao n no:0! n1: ft a Ft 5 n [an:r] 4 20

3 o1[na LPG 2.5 n Lafl5X] 25 62.5

4 nrtv'irXr lu xu 4.5 4.5

5 n1LA0 l'tnltn:0.inn: 1Ftt.r 51.33 51.33

5. 1.3.2 ira:rvr.iooriuvrulun^:ru6nrir iualnrucaaiafi n a1nrr1l1{fi 5.2 raa.i
v i . "- )e ; 3"
oiulunrfr r,avriulruriururJ: Ltaviluld 11 ri16'L 6rdu1unrfr:rrlri'rau 8o,ooo urvr 6'rluriu

!.r
rul::':rr.i',r3u 138.33 llvdaiolni:ruArl uav:rutri 157.5 1lrl1do5o!nr:26n 6r'[l t ro*ou

^ ! - .! ! -lal l:nzuarlulr]urto 11,{anorn1Juvl,,ra laa n !o 25 n:{ 9t{u1]o1nu]1rfi 5.5 lr!'irtu:suvt'tar
" ^ ""- ! - - i a,s iJ rodrvu'[unirrrArrdl:ir.rLfio rrFror ntusr araF n frr rtluosrn-o r o rr#unrlrliru'ldua&

- e " ,- - ) a
siuvru:rr:riuhi6'ofiu frruaol'ir'[u:vfle r']ar 5 fl fir6o:ruldorn!anr nr:o'ri4r.r'ru rro r'1'!a.r

- f, - - ! -\,.
rfl unoul{ro u'tov6tolrnr:2a n u r}i!Q 1n1u v11a 1agl nflJf,rhifi rua rirl:uasri.r rraorlrirrlu nr:

, Z! ,r " " ^ ; - J Z ,)
1r'rovru0Er rr.r'rn v rutfi0ll fl5tu Ltl La Lt tfrv fi a0rtuuufl'r1.r15 nu1L1l Lt.r ru Lo 05 r LLsrru0{i1n

" .Jd. r;
to arln:rutoflriiuo n:rurfionr:vnao{rravu-{[{ho n:nifruurrirfi:rnrvruriou{rrar ri'1fl

, r .J q +q a - 3 J - ,tfi0!n5 rn:0iLyrLaL:{a 1Ju]0 5 n Lan:ua050un1li.Ja9 tfi1]a^x]l:o1jU'lutvll.]ef'a?un15tJa0]

l#ryrrvarfiianrilnlit{i1uo3{!i dri'rrirorln:oitrfit,Id'lrtutuneal rsnan!3 16u

flrJUfl61afina.i16'tririoun'irflac t.5 oi'rriatrtu osrira aoflruvrdrurodo!ornnr:rzu1ruct6'
;

L1lU0U',t iO A fl v',t.ivu{

100000

80000

F
g 60000
etz
c 40000

20000

o6s€.66
rrar (16ou)

nT ild 5.5 uarunfi oodlvrulunr:H6nrirrTuornrusrlaidAn

0

-n1J4!n.lrr
-o,tl4lrl
-:rdd
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5.2 n'rrfl a6ouraioluuridldrirriuornrav arafi nfi irur.:0narao
J zi, - . -in^:vtoa0! rn5 0.rutrlM n1ul.i!o4.1ff0 ouvr1n1tvroaolJvrnxl r:? 1600 :0!n0u111 rlu

) t) . i - <'
nri?1o60!!n5o{uustfrnr:firrrufr anlxs rri{fod{aoro{Lnia':uug{ [48] loulunr:vrnaouos

ldrhriudrrarl'lhlnrtli'o.ioa1Fr ravlir juol nruvyral afi nna'u (>2s0) fikilirnr:i re:^cl.i

tll:uu Lvru!a!!afl1.i rt0Ll,ra rt0 rulxrLlrrnauguo vt.lurvr0tlJ:ul.J rvtu!a!5t0uvta{tnl0.iuusr
; .- i ,- i - - i.

ludrurirdrrurnSo.irrugi o"n:1ni:auL Ao rLtoLr,,ra r rravrrafrufr Lnool n uai ortrudor nnr:ld
i--,"

16orvrf, rtiorirr 1'[r":ornr:dr.:rufrL#dra'r4.rqo
5.2.1 o'n:rnr:iluuj6arriiou,rirdrrur; (SFC) ornnrnfr 5.6 rLafl{d'n:1nl:?uuja'or

: - " ; , . - - "h.i - - t -LtoLflaio"rlYilc (51 c) tJ0.:rnt0luurrloturt]oo1unla roovrLtu'u]ufit{a [au!'r unlnralamn

ndu (>250) lfiur rirnr:vlyaorir.: l finrurir 1600 rouriorr1fi 6.r uilunrrr r5r rolfi
rn5o.:audiudoclririru:.rioa.:an t34l louorrfiu'irdn:rnr:duul6orrdou,r6.:iiru,rrv (sFC)

i ,*, pe" - -ra{rnSo{uu0ifl{rirliudrraovogfi 1264 g/kw-h finr:clvao 1.5 kw fi.i 490.11 g/kw-h fr

n1:cluaq a kw loufirirraduoq]fi' sea g/kw-h o-o:rnr:duu.J6o.:rdoru6.:rirryrlv (sFC) ro'l
I t.hp"" - - .:, -rn5o.ruunfrltrjriuytalafr nnalu25o osoEjfi 1074 g/kw-h frnr:vlraao 1.5 kw fir 337 g/kw-

h finr:sluan 8 kw Ioufidrrodaoq]d sro g/kw-h d'nuruvnr:rirrrltolraioruuririufi
A , qu, --i.- -!.{qvav, -),-"a,"n1'rtJLil:a!rfl1nurn5 0 ruu9ri3 tvnl u:{lJovltvln! o {uutrl0 [y LonlLl.lufiyltynflu0lruusr0.i

dourtioun6{ri'fi'uraSoiu!eiluls!lsufisirrniu ufiolornrirorruiouto:"do*n6.rhirvirrYu t34l
-!n:fifr0s rfiu'jrluuo'asdr.rnr:lir.rruto r rei o.:uusifrnr:slvaooirr riutiu o"n:r nr:fiuu.J6 o.r

J -. i J ,."!-- ; - 3 .-
Lt0L a{i't[r'tcLln101:nu Lout].t0[nt0iu1.JflLttJ']uuntta!n1t0dufl0.i00I'tfl't56utude't.t
i - , "" - ;;2 -rtornd.:a':nir rlnornflaldfrnndu (>250) 143Lak rlnnti frnrlvlyanfrrfrlfrudg|:r nr:

! d \"- ; ; c i
a!Lua0 i rt0r11a iQ1Lll'rv (SFC) 0vaqa{ anufuvttl.JunrLvu Lotfr$.r0rnt0.ruun}.tn'r:e Lyaovi

! ; i - -i , !6!{! tio.inlnninluioul,o.: Lto ry{Aror nnarad nfra.:nir r{arvrd.:6rra t34,391 uaorlvlulu
, i ,4yi 3 ,. i ^ " ,i , .i r.]

?1ra:0.tut.tgrylt{rt0tfla{n1rluy11a^a0lfl 0mt1n15au[ua0.r Lt0t],!a rnllyt'tus]1n?^ tn50.iu!nL
q.t .i .
Itrt0L a.:orsa Luanl?vL$.iufl 1J0.irn:0.iuuo{ rqo

1,400
1,300
t,2N
1,1m

^ 1,000
+ 900

I soo
> 700

; 600

* 500
4oo
300
204
100

q8s83338883838
Erake Po$er (kt/Y,

n1fld 5.6 in:rnT :duuJ6oqdoura.ril'rrnrsdrilu:.rie6r{6s



5.2.2 rl:rtvrBnrxrB.:aruiaurr:n rl:vivrBnrvr ltloruiou ru:ntfurflunr: ruao r1il'
z ' e) - ! - .jrfilnl rr ar !r:oro.r:sr-lr nr: rn rlvrifr os u ouil rfi o u,r i r fiv n a ou ua cr-l:v EvrBnrrrirriu

16o,vrdrfiarur:ouJfiuurflur,ra-rrrunn oon!1 [4ll ornnrnfi 5.7 uao.:tj:v 6u6nrtrtfilntrr
:ouL!in flo{rnronuuereo:yrunnrrJrird.r dnfrl'[rjrl-u6 rta drriulrnuarafrnnan (>zso) uav

rirfuorar rfiornnnr:vlvansir r r finrrr15r to0o :orriourfi louocufiu'ir!:sBvEnrrrfir
u ) ,*r'"

n'mrSourlr nro.irnioruusifrl.Srirfudrsaiouag 0.26'7nr:vlvao 1.5 kw fi iiouas 16. 14 fi

nr:c1uan g kw lqufirirroduiatav Alg rJ:vivBnrvrrtlnrlrr;o!Lrl:nro{rnio.ruuoifit'U
""- . ",drfunarafrnndu (>250) Souas 2.28 frnr:clraao 1.5 kw filiouau 23.17 finliuluao
a kw lnufidladuiouav 17.19 ur:rvrirnruioufiar nitror rdorvr6{or ntuvflaraor'ndo

- !,; ; ! " - "" - - i
rvlu!nuor{a a nr rvfl'r:v Lvana t 0nl1fl'15!a 0 u n11}r5 0LJva {tud'r14:uu''r1.ru1l u u fla 1fim n tL 0

),
rfiu!fludrrairorodrzualunr:4rXrf,trnrrr:ioufrarfil I33l nl'jrlun:rfiifrnr:clvaoei^liu

; .J,vZ - Z -Jc,-utvav0nlr Lt.:n11 5aut0':[nt0.:uugrvrLtu'rtJuvr':d 0.rtun Lu!n11!Lr9]nfl1.lnu!',]fl!nt{ LlJl.r

- ,"i s A , !
IL61ri Yt1.i9iXrAt *rl U]0n',l:s Lvafita {tn50 {uusra':tl.J0u1^u11n1!! uavnn111rtio1'lt.l:0utl

axlr.JrnnsilrrYuodrrdoroulourniorouoifil'Urirliudrtariupiranfirirrafiuiaua& 14.79 rilfu
olnnardAnnd! (>250) firirro6uiouav 17.19 v'rdl:ravBnrvrrfilaruiouriurtjuruarrorn

o'n:rnr:duuJ6orrdou,rdriirrflrvfiunnrirrn'u:ufi':rirnrufoutorrdou,rd.: nlrrLvuru t
i - .i A ,iq--

torrf,olud.: irozfrnan:vvr riln-r a\t or rnSor uuoifr Lodlu rtunr-! t34, :01 ornrio4arlxoiu
i ,-i.. J - a

uao r [14rlru'l''] rai 0 !uu9rvrLtrX0 tl^ e i01nt usr alas'n tvo'tu5 u av5 n1a rt ! n'l 1r.r : 01.J 11 {.3 n'l'
; "i v !

rn:-oruudfrttrfi orni :6rta Luanrrcu: rioa.rao loa lavrrvlurir.:nr:slvaoa t

dzz
>20
E18

E10

e2

aqa6<,

8rak! polver (kvo

nrnfi 5.2 rJ:v?yBnrurilamlioururnfi riru:rfi nalao

88
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s.2.3 arur,rnfiffrslor6a o-sr:r nr:ldounruioufiardua'rviu o ruvnfi ffrsloriu oro
;iJ-

a I tJa Lun t5a iu Laun11!: axrva.itu a e Lvu to't't il nn1ltv 5.8 uao.i otuv,l! n1{ Lora u tol
A , " - - .h-i - - "" -rnro.iuu0roo:v rllonlu nla.ioovrLtlr'rul.rorta !1!unlflrarannndu (>2s0) rfratriur:v

: ) ; .:dv
luaeo'rr 1frnruu5r 1600 ioLnoulfr lounvLrui'ro vQIflrs[ordu ro r ro5osuunfr1",!

rirl-udrraovodfi 129'c dnr:vlvao 1.5 kw fi,: 238"c finr:clvao a kw lgufidrradflodfi

t8o'C qruu4iffrtlouf,u rorrniorrrusifildu3rrluflara6nndu (>zso) ovoqjfi t:z"C finr:v
Ivao t.s kw fii 292'c finr:vlvan 8 kw loufirirroa'u aufr zoz'c lunr:rfir{uro.roruvnfi

) t) I - : ,- J - -i !nlt L0tafl t0{ta:0.itjunvlfi'r:c Luenol i .l uuo^nofi :1n1:aur!a0itt0Lr^a.lr!T ntufl 0 l

rndoruuei dm:rnr:Urjounrrrlioufia.:fiu *acU3urrudlfurEiourfilfirloulfr'6'llrn5o.:uu0i tzt,
221 olnr{anirvrflaorlunr:rrfi 5.1 a!ilrilfualnrucrarafi nfi rirfla'rlrunruioufi6rn'jr
| - . , i qe a - ii ,d ) t - J -UllJUottA [nlUO,i01nn15 Lttn50{SUntUo tflUl nUv LlJUnlSoo [UA itn:0.lUUo fllUll0n:1n15
.; -rrJSourd'rlruarrrLsoutrJrtJund'rlru^a6rfirirrvi16r tal lnuqrura4filorf,ufirfirdurtlurvr:rv

:cf,yrGnryrn'r::curun'nuioufirvi'r16rto':lnioruuai uavfifir.J:v?vBnrrnr::vuranluiou
i; " | - ! - i ,; a, - a , A

r]'ln11n1n1l Ltlla i i'lU lU1.J1ULtt0tfla.i110 n L!AU!LllUY\a.i,i1Ufla0.it'l U tvltl0[U14rL]L0tdU tU

6$il [zt, zzl d.:aal#qrura4iloriurorrniorrrus{ffldd1riuornfla160r'nfiri16{n'jlrniorousifi

[tLt'}]uorta r.iuuan.i tv r14u1't Ytd r]'r 1s Lt:.l lJ fi a { a fi tt 0 tfla.i 01nt u cra 1arl fl u.i!n1n? 11.]:0uvl
; ",c, - .e:2 ) e :2 ",ea1 'r:0t!auu L1Jt1Ju11ai.:1una Lfirlrl]flu tt0svnL141J5ua 5n111tt.1n?1!50ui1[]tl.J Lfrolu

;.icio6+i,iri€oFF6
Erake powcr (kw)

nrnd s.a oruranfi ffrslarf, ufi riru:l0aalao

^ 340v 320i- 300
o 280

E ile
4 200

g 160
6 140g r2o

i80960!40
0
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5.2.4 Gulilfi1{6riuouroufioalsd (co) uarfiT rnliuorllooonlrd (co2) oin
i - " - - ,ivz -n'llfr 5.9 uafl.i!5 lruiirtnliuour:ourionkrl ro.r Lnio iul.toioolsriodrurira"loiofrl"[drfiu

6rsa uarrirfunrnnarafinna'u (>250) rfialrYlnr:clyaorir,t 1 finrur5r 1000:o!siourfi
) t*,vZ - -flui1!i!1 fiT{nrilourlaufionltrho.:rnsoiuugiflL{u'rrir.6rtaavoqjfi 14.67 g/kw-h fr

nr:slvao 1.5 kw fi{ 3.48 g/kw-h finr:vlyan a kwlnafirirroSuo{fi s.ea g/kw-h r.J3lrru
.,i .-io v! - - .j -iirqnrilou oufionl{ri ro lroi-o iuunflLtrirl'urarafrnna'u (>250) ovo{r,' tr.tt g/kw-h fr

n^:c1uao 1.5 kw fi{ 6.18 g/kw-h finr:vlraao 8 t<w lorufirirraduoqfi 6.35 g/kw-h irn
nii6nulfluilnllJdouffrtnriroulourion'lodtorrnioruuoidtd'rirrilnarafinna'u (>2s0)

ain'jrduqaiauav 6.19 Iouro rvoejrr0rfinrrclyanfiq':dl nr:rfilfiuodroLrntolf,rt
t - q ti "" - ! - ; !

ftl:1J0uu0uu0fttsoytt15c Luafla.i Lno{1n n1:u5 Lnnul!uLtaLllanyta{flu rLu nl5 L'],t Li4rJta.i
Z - ! ;"a , e-;",
rjrfii16ornfirlurjruJarofirjrhJ{nr:rfiorJfrfiiurnrrrnrlufifltriarrr;:ol t36l airr,lirflrr

.i
nl iuorrlno o n1tei (co2) r o.i rns o.: uusi'fil{duiud rrao v o|it 1 239.17 g/kw-h fr n r :vlraa o

1.s kw 6.i 945.91 g/kw-h finr:cluao a kw lorsirirro6uoq]d zla.aa g/kw-h !3lt16ufl1$
; , jve" - - .) -nriuoulooonltd (Co2) ro{Lniaiuuofrl"Srirriunarad nna-u (>250) ovoqjfr tttz.oa ytw-rr

finr:clvao 1.5 kw fi.: 770.24 g/kw-h finr:vluao a kw lnufirirraduo{fi zoo.oa ytw-r,

olnnriAnul !'iin1i{dauffltnriuoulooonlrrito.:raio.ruudfit,ffririunara6nn#u2so ofi

ait6,tsa 4.22o/o nr:!eiaafirtnriuoulooonlqr{to.:rodo.ruusiffl.8'ririunaraonnfiu (>250)
,l , ; ..hee" - - d J ye , I

iv9l'rllLAl A.iuusrvrLtuluuoL{arl!g]iL[mt1rna1.:1]0.rt'li! Luao uao{ 114,14u11tt0 r a{01fl1ruv

lrarafinndu (>250) LAa nliLc'rrlvrjfirvrrsaruav arlr: nl{rru16'6fi anrrr u:rioaranlor
Lnt0.iuugl

n'lfld 5.9 Gmcuffrrariuou!oufionlsri (Co) uacffrrnriuoutaoonlrd (cor)
J,
vnlu:.tua6l{dn

16r
15 l
14 lti .l

t2 1

^ ll I
3,3 1sil
o6l

i)3l
211I-+

1.400 I
l,3oo l
l.2oo .l

r.roo .l

^r,ooo li;s l>7m l
; 600 losm l
" qoo .l

roo -l

2oo .l

roo .1

Srake poyrer (kW)
s e 664€F F od

Brake po.rer kVO

\q-.*g:
\
\
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s.z.s Glrcuflrrluln:rouaontrri (Nox) a1nn1flfi 5. to uaoqJirlrrufirrlulsr:rou

oonlrri (ttor) ta':rnioruuo{1o:griodrurira-rd'ofildrirriu6rsa rirfuornnarafinnd'u
(>250) rfi u! ni!n r:clvaorir.: 1 fiar^lrir tooo :ousiourfi Ioaov rriri rrJSr rruffrr

lulorrouoonlrri (No,) tolrniarauo{ffl{r"lrriudrraovoqjfi tao.rr g/tw-n dnrrvlvao t.s

kw fii 161.98 g/kw-h finr:v1vao 8 kw lnufirirroduoqjfi 134.61 g/kw-h rJir:rcuflrr

tulo:rouoonltri (No,) rorrn5olsuuiffl.trjrriurla.ra6nnduzso ovoqjfi aot.oz g/kw-h d

nr:vluao 1.5 kw fi.r 99.35 g/kw-h dnr:rlr.rao 8 kw loufiriruaduo{fi t+a.ao gzkw-h
; ! ) tb-"

a'rvirnr: rfirf,lrtorfirtlulm: nua onkri (wo,) lurnSo luuoifrt{rjlriuvralaAnn6'u (>250)
; d o , .j s ; J . ;d

rfio,frs!ri!nrta'[udrrfrnr:vluansl"rfiuorooc[14]orn1i!oufifioon0roulrlodrrlt.drrr-u
-."1 , ^ c r;-2

via'raytnyra':ra:rn1:[r.]'r Ll4r.rvrotuuavo'r riosr'rtor l.lo,'lu1olf,u t34, 3sl ova-ltnfllti'jrnr:

rJ;ioufrrtluln:roroanttsi (t'to*) aoarlutirtnat nr:rfirLdltour:vlvao tio.ioin!3ilierfi

rio u n'jrtor o o n6ra!d1viLr nr: rir ilvriilao n r:rJeio tL flrt No, or nnr: rn rlvritolrjrriu
J -. ,

rllor aiLullx.r!aru [ae6r]J1i0ao flr:rlriou ffrrlu1vr:r,oroonltd (No,,) d'runr:tfirLnr:v

lvaoto rraioruusi6rra t35l 6.:rJiurrunr:r.Jrioofirrluln:rouoonltri (ttor) o'larur:orirhi

aoarl6lounr:!i!urirorarnr:dnrlrriurdorvriqro.:ra'rAo t18,351 uavnr:tdru:roiutornr:
- ! -.,i o.3 ! ..^.
oort0Lfi a.:1110 !fi Lt0tlraiu9rna'lrlJu 0uav00.t!1ntu t I El

1i8
100
2AA

e 3i8* 149,

5 i8g
^" 140

40
2A

ii6ididdcri6<,<iFFdi

Erake poe€r (kw)

n.nd s. to Gu'rrufrrqlulo:rouoonl{ri fi rirut.:fi oalao
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5.2.6 rJBlTruffrsla1n:nriuou (HC) la1n:nrilou 6o ar:6uyBd'[uaoruvflrr
'[aIn:nrirauuavto.:uiraqnra laIo:nrirouorn nr:rHrlyfiro.:rirriurdourd.:!:c noueilu

,;
loln:nriuoufrqnrzurlraritriar.,l:ni [a1]Ierunr:ilaouflrstolo:nriloufirfioornnr:rarrlrafifr
lriauu:niuorornrazualrlrriurilorr,6.: ornatrfi 5. 1 1 uaonl3rrzufirrlalo:nriuou (Hc)

4 . " - - iq.! - - Z -1O{LntO{UUflOnlcr!flnlUn1a.ioofrt"frjrrTu6rsa uacdrfuornflara6nna'u (>zso) rfruun'l

nr:vlyaosir.! 1 finrrrr5r 1600 :orriourfi 6rr{Juorrr:uir:oufirn6oluuoiiudovlfirirrira'l

ilue{qo t48l Iouliuruffrtlalo:nriuoutorroSorursid'l.SrfirTufirqaoroqjd rcz g/kw-h fi

nr:vlvao 1.5 kw Ai 35 g/kw-h finr:vluao a kwloufinirraduo{fi oo gzLw-r' rJ3lrrufirs
. ; .-i4ei - - .l ,J

lalo:nriuouuo.:rn3o.:uuoifr['frirriunarafrnnaiu (>250) ovoqjfr 156 g/kw-h finr:cluao

1.5 kw f i 46 g/kw-h finr:vlraao a kwlnuirirrafiuoq]d zr yrw-n ffrrtslo:nriuouorn
3- )- <

nr: rzurlvrl[Jud'riinfrfirJ:slutriro{nr:rrnrJ:c3v16nrnnr:rrurlvfiloIn:n1i!oua1nn1:
""- I . )

uzurlvfto.rrirrr'urto rndlJ:v nourir ulaIo:nriuoufrqnu.nharitriarr;:ni tolar:duvridlu
anrucfirr'laln:nri!ou [34] nr:rfirduto.:nr:rJdoufirttalo:nrirou'turnio.:rLus{fifinr:t{
e" - ! - "iq i - ! - .j,

u'rlJur1J0tl4a{01ntue alaon tno01nn1:t? Lyat 0,lu1uu rt0 tyla.:v,.llun1:afito{fi't000u
J 4 ij "" - ! 3 -riolrLrornnrrrvlofr sirroldu'ulto rndr *avurrd':utor rtorvrdrfr zuarfi'!ornrflludrlnr:

.""-t-.oi;iori,riulfiour6rosacalod'lufiufr:cu'ir.iu14ruana!uavfllvuona! uja rlyl nr: rzu r'lr,tri
, , !- "av )

Ltal!'r:0[1]'r0 i Lo0u't.u.rlj:s6y0n1 Lug0,1']'r.lrfia1u0.iyt1L14rni0{uunua00 n1t La Lo:n1:!au

llrJ3lrrudqr [41]i1nsr1:1.:fi 5.t nvjroruraflrouorirrirolnturnara6nndu (>250) iril
; , t'-- -J J

0]1n1lU1tJ1.rOrta o tul]i !y'l turnn!tl]'1 fl1s L0Lo5n^5u0u tu1j51J1tuya.i

200

180

160

^ 140

* r20

Srm
Jao

40

20

6qaQ

Brake povrer (kW)

nryrfi s. t I Gurrufrrqlolo:nriuoufi dru:,rfi oarao

+Dieset

----.- DWPO
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5.3 n1rfi ndoulndo{suridlfihfro'rn{u; aldAndrirrirfri.rruq.rqn
J zi, " - a, .i

nlivoaouLn5o{uLJnfrrirrirarrua.rqo rtlunr:voaolrn:'oiuug{fi 2400 :a!riau1fr t48l

loalunr:yoaouovl{r:srriu6rtari'rtrlol!vio.ua1o Lracdrr.iuilnruvv{a1aAnnf,u (>250) fi16
J - | - Z!)

Ytlnli,tni'tsvtLltulltvluua !mfllnLt0r a{10.r1.l1!uttrlaut!fr vl.ll.ttll0t1l5ul.ltvlu!a :l0uE
; a e ; ,- S .. i - - .j

110{tfi50.rul.Jfi Luo1un1a.i i'lLrrFE0.!uufil 0fl:1n154!LUa0{10 irt0 Lra{LLnavtuo LLav!41{uvl
.J d ^ ! q"! ior' " -LAl0.luuq,iam1]uo1nn1: Ltrt0L a rtuFr9r'ti .l Lu:0!n15vl1r1uYl Lvn1n1a{{'11.J{{En

-:.-!5.3.1 dnrlnlteuujaoltiotn6.rirtillc (sFc) o'tnnlflfr 5.12 [ao{o'n:rn1:f,uuj6o.:
i - " .i . . - - )q.i - - ! -

LtoL1'!A{0',rL 1e (sFC) 1'0.r Ln:0.ruuoaoturlJo01un1a{oovrLt1.l1l]uot{a u1!u01n a16firfl

n6iu (>250) lfi ulriunr:vlvaorirr 1finrrr:r5'l 2q00 :oudourfi 6.rrfluoru u5r:olfi

rnioruudjudovhidrrira'lrru4lqo t48l lnerocrfiu'jro'm:lnlidunJeoitdotflA.ilirtris (sFC)

ro{Lprio.:uugifrtdlhrTu6rraoroqjfi 569.80 g/kw-h finr:vluao 1.5 kw 6.i 300.26 g/kw-h
i.i
frnr:vlvao 8 kw lflafiFirrafiuoqjfr 391.34 g/kw-h der:rnr:f,ur!6orrfiorr6rrirumv (sFC)

n .*-"" -ro.rLn5o,iuueifrl.8du'unarainnfiu (>250) ovoqjfr 673.29 g/kw-h frnr:vlr.ran 1.5 kw 6'i

353.79 g/kw-h finr:clfiao 8 kwlnufirirrodu ar1;i n+.zz g/kw-h finrurSr:alrvirriuriu
A , q-, - i , - i qAv, 

^ ) , - " a, - " t
rn:a ruuaau LvnltL:iuf]vlrvllnu rlraLfiLfin'ruiilr0vtrvllnu01L!ugl0.:1101"rr0r1ra.iLvnt

rnioruuoilurjir:rrufisir.rriu rfiorornriln?ril;ouroirdou,i6rhjrvirriu tgq] n:fidovufiu'jrtu
. .i t) r , - y - 3 ,. J - "umaet'l{n1lvl'1.:'lul0iLa50.iuLrnvnliv[vaoal.inuu! 0mtln1tdl.Jt!a0 t rt 0 rfl a.i 01LlI1v xJ n']

; A -.""-- i - 3 .- .? -;,""-o1{nu Ifru tl.J0Lo50{uun Ltu'rUuorta F]1taaut0.t0gri1n1:aut! a0{Lt0 t a{01n111,J1Lru01n

rarafinnfiu (>250) iouav o.z+ dr6oirhi*nnrir.:durrnlurrrafi6 ornn:ry,lnr:;lyaofi
;!- 3 ,- i -" ,i s J

rlru'uu00t1n1tauLua0.: rt0ry{a.ia'rLn"v (5Fc) 0caoa{ unnetuu [oto tilJ11rn1:3 Luaoa{t!
- { ,^ a .i ,-b.! -- ,; , ; ,-t^.f; -"antln15au[!a0ntt0tfla{n1r1I'lul0.ilnt0lul.tgrylltu1lJufltta030]1n't1[n:0.tu!9|y]Ltu'u]l.J01n

^ 
q,c , ) i ,-i'-e" -rarafin rran ilruiuirfranrrvrir#i i'rufi':do1ud'r{n1:vluaodrrnBaruusifrl{drfuar nruv

* ,- s -"n'. , J .-i,,eeo v 4 o --)IAlA0nQs!001:1n1t6urua0 trt0r a.i0''r[ 1vu0unl1rn:0{uugly]Ltu1lt1.Jorta Luytl.lna!nu?i
s "i ,4""" -- 3 ,. i - " j .

n15e [uaoA,itni0.luu0lyrLtu'tuuottaiv1.l0nilntiaurUa0 {tt0$rai0't ryl't ! u0 u ni l Ln5a { uuoi
Jee" -
vt Ltu'tLru01 nfl uv1ra1agl n

800
750
700
650
500? 550

*;99
: 400
" 350I iood 250

2N
150
100
50
0

I

lI
.l

3E
_rr=--__._

u!qna6

8rdlc porver (kw)

nlrd 5.12 dn:rnr:duuJ6o.lrdotrr6.rdtr,rr; (SFC) fi ri1ri1fi{,:1u6{dn
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s.3.2 rJ:ctflSnrv{rirnatriouru:n ornnrnfi 5.13 uanr!:vsvBnrnrtrnlrLiouru:n
I t " - - 4-i - - i -flo.irn:o.iuuaao:cr!on'rsnrnroofrt{rjrriu6rsa rrluor ntrarafinndu (>250) rfru!nnnr:v

lvaorirr 1 finrurir z+00 :ouriaurfi ln uov rliuir!:civBnrntirnrrr iour! int on
; ,.t"i - -ra:-argueiflLrdrriu6rqa5aaav 13.89 frnr:vlvan t.5 kw fi.riouav 26.35 frnliv1vao 8 kw

loufirirraf,uioaav 21.46 ilrearBnrntE.:nruioutu:nto.:rnio.rEJueivt'l{rirliunara6nndu
-;

2s0 iauav 11.62 frnlrulvao t.s kw firiouac zz.t6 frnr:clvao 8 kw looirir uadaiouac

20.29 lrl'irfinr:vluaosrtrl:cirinrrr0lnlrLiouru:nto.rroio.:u1roiffLd;iri!6rtaovfirirsrtr

n'irrnio.ruudffl{rhriuornvraraGnluvnn:fi unludr lfi nr: vlr.ta oar rYur,rrirrJ:g f,rin^r,{ rtr
nruiorru:nro.rrnioruus{filddrfu6 rtaqcfidra':n'jr uavrir rad uvntitrnr:c1vaoflia{'jr

; .;tvZ - - J ; ! " - ".-
rnSo.reru0ir-L"[dr!"uarnrarafrn frnr:vlr,tao6ldn:rnr:!doonruioufr4r6u;irr,tilrJraiutuv

-i-i..;!vrarafi nufr orfr ulriufr rrairorodrrualunr:argrf, onruioufi q rfi u t33J i:rulrunr:aoa.:tol
rirr.J:cf,11Bn rurtrnrrrLiou ru:n 01flnri a!ro.r u.rfia roarnoin'urjrrYudrta'[urn:'o ruuoi Qo

.--.i ; as !- i
:vrioriruriraioioriorornrirnru5ouqiruavnr:uSlnnrjriurtourdrfrq.:fiu t12, 131 lunififi
i s : & ; ,J1 -! -ytJrlSu[vaomluul.]ivavt0r'ttltt,ta11!50u1r0{tnS0.ruuavlLtu'l1.rLltuo'l1.i'l Ltr!n?''lLrtlfl'n1x

rYrur nrin6rhifi riu a'r dtxvr r or-r ra tr uriufionr:slvantorrnio.:uuoi6.:duavvrl'jrrir
rl:vf,vBnrnrfilnruSouinrt:usrnrirlfiuotirr{otoulournSo':trudfil{rirriud rtariufirirraSt

[a vu1x.]!n 1nr al ao nn au ,.tn1toau50uaY vt.t1J!5eafl5n1flLtiiauaa 2t.q6 uavrirfuornraraGnnalu (>zso) fidrroduiouav 20.29 v-lirl:v3lrBnrrrfil

nruiouriur{Juzuar'',0'',no-r:.n.:duu.l6orrdorr6'riru,rrvfiuflnsirrfiir:uLfirrirnrrrliour.ror

rdourdr nruuur uriutolrdorndl 6rovfizua n:cr!6'!rira-rtartniarausifldrirartiuniu la+,
"-- , !lol uaorlri'rfiui r 16o nvF r ornt uvre 1afl fla1 1in tt {ru Lno Lutrtnr:vlvaofrn'r 'um'tudr':. 3--

nr:vlvaoaldruiud rtao varrrr: o1d.:ru1d'6 nir

30
Q28:' 26
124

E18
4 14Etz

e; ----.- I)WPO

-6iN66++ri6oo.F@
Br.ke poe€r (kw)

J - - i, " -nlv{vr 5. 1 3 U:!dvr5n'rl{tt{n?l iautu:nvalnla.:.:1ud.rdo
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s.a3 quu4filordu ornnrr,ifi 5.14 uaororuvnfilorf,u ta{rnioruudlo:vriorirarirdr
- ;.-Z - - t ; a
oovrttll'ulun rsa uauu.lrtun'rnna''raGnnairr (>zso) lfruurYun r:s [uaorirr l frnrrrL15r

2q00 :orsiourfi louovuiu'jrqmanilorf,tr torrnioruuoifildrirriudrtaoroqjfi zoa"c d

nr:vluao 1.5 kw fi.i 420'c finr:clvan a kw loufirirraduoqjd aorc qnna4filorf,u to.:
.,i r-hv! :,

rnSoruudfrttrirrr-unarafrnnalu (>250) ovo{fr 250'c frnr:vTuao 1.5 kw fi.: +09'c finr:v
lyao a kw 1oafirirraf,uo{fi loz"c lunr:rfirtsutorqrura4fiffrtlorf,uto.itnioluul{finr:c

' ! -i : A
lr,taorir 1 riumno'n:rnr:3uril6alriour6rfr rrn{uroltn5orousi dsr:rnr:rJdouoruioufr

! ^ z - ! - ir
a.l.rju uau!5u''t6uuuurtouraw{odrirYrrnialurd [21,22] n1nr.ran1:voaou'[unr:r.:fr 5.1

,f,- ; ,".- d ,"i q,A
111J'l1u',llll.t01ntUu11a1A9ln n1 a{{',',r!n',t'r!101.J an'l'lu'u.runlta un Lr.J0.i01nn"ll !xtnI0 iuuo

- h,d ; ,- Z' - ,.i -{I0Ldu?du, tl.lnn1:9{quua rrn50.iuu0lri.i1-lu00t1n15r!auu a.l{'tuo')'1ltl0u L1J t!u a{{luna

6lirirrvir16r tBJ louqcur.r4ilordufirfiuduriJurr:rv!:virBnrnnrr:curunrr!ioufieirnir
.i .i- -- - q f,- I ^-'rorrnSortrusi frfrrJ:vilvBnrvrnr::vurunruioufisirnirrirnr:l{fla"1.:ru'turirfiuutorvrdrfr

- - "ovtr d ti
onuUarr{Jurdwrunao'wirl#rfirqrur,r4filo16u tzt,22l duralriqrura4filorf,ato.rrn6oruuoifr
.'X - , ; .*.X - - X! q.c ' a
LtU1r.tu01nra1dfrnt.ln1a': n1'rrn50.iuurl14 Ltullruo tta v.iu srao.: [vr14u11ran11vfl1a{{1u

i - e ; ,; \,,., b;! i
a.iaoLlt0tyid.!n1n?luc alannu':!n1n11!:0uvrd'uJ't:0[!auu LtJtul.Jlra{,i1una [otl\lruu {r0s

. ; ! r.-
y 1 LU1J 5 s Ar0 n 1yi rt.i n 11! I 0u LYttJuu tfrfr't u

n.r,rd s. tq oruilnfitoGufi'riT dral.:ruarao

+Dierel

____.- owPo

I qqo

g 400
Zxo
$ rzo
P 280
izlrl,ir*o 160

\ tzo
I80
,tr qo

0

i ci.i d c'i q e ri !i {i <i F s @

Erake po.,er kW)
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5.3.q Grrcuflrsnriuouuauffonlrri (co) ua;ffrtnriuautoaonlrd (co2) orn
i .- ; ,-r,.f; -n'r,ifi 5.t5 r.Jir:rruffrrnriuou oufionltriro r rn5oluudvrLridrriudrtaovoqifr 2.5t g/kw-u,

finr:vluan 1.5 kw fi.i 4.08 g/kw-h finr:v1vao a kw loufidrradaoqjd t.zs yt w-r,
. i ,.h 'e" - - .i - -. ,.i

!5r.t1 n1tn1i!0utr0uuoa Ltfi (CO) lJ0{ rns0 ruue'}1ltu'D]1.J a1annnau (>250) 0v0qvr

10.57 g/kw-h finr:vlr,lan 1.5 kw 6.i 5.93 g/kw-h finr:vlvao a tw loufirirroduo{fi

5.60 g/kw-h ornnr:6nuruujrnr:rJdoaffrtaritortrLo!fioflltdtorrn6oruuo{ffl'frrirriu

narafi n n6'u (>250) q.ini16 Lra iouac 68. z5 rnSoruusifrt{u3rriunalafinna'u (>250) fi nlr
, !--

Udouflrrnriloulourionltri6rn'jrdrriu6ttaotirrfuvrrladd ar ruqt ol nr:rJ d o u firt
t ri i i , ; - i 3 -

n15u 0uxr0ut0o [go?illilrlJufi 0 n^: t21 lvlJ Ll] 6}]!:6u rl.J 0{n1nt1o 0 ant rlu Lull'ltJu 01ntu v

ila16fin t36, 3zl nr:rfirLduodr':!1nto.iff1soliuourou{onlsri ufioornnr:lilnnfrriu
I - ) ! I - ! i"{
u6onr6rfiqrfiu usinr:u.nlvrltolrjrrTu16onrir'[udxrlarufrrjrhJ{nr:rfioUfrfiSurfrhiau1:ni

irrirlfrrfiofirrnrfrouloufionltri [30] ;irviurjirrruflrqnriuoulooonltoi (cor) tor
; . "--hve"-4 ""- - .:,

Ln50'1U!glOOivLUOO',tUnla{0fivtttultJuo t{a 1,l1llu01nv{a1anflna! (>250) LvlutnlJJllls

Iraaocir.: 1 fin':urix 2400 :olriourfi louoctliu'jrlirrrufirtnriloulooonttri (co, tar
; ,.b.1 -. ,.j

rnioruusivr-t{drfufrrraovadfr 569.80 g/kw-h frnr:c1vao 1.5 kw 6{ 588.50 g/kw-h fr

nr:c1 an a kw locrfiFirroSoorjfi cot.et g/kw-h rJilrruffrsnriuoutoaonhri {cor) tor
; ,.i,, v"" - - .i

rnSoruudfr[ddrfunarafrnnd'u (>250) ovoq1fr 1%2.12 g/kw-h finr:vluao 1.5 kw 6l

1366.85 g/kw-h finr:sluao a kw loafirirrafiuoqjfi' tosz.zo g/kw-h olnnlranurnl'jrnr:
rJeiouflrroriuouloaonkritolrnioraus{flddlfuraraAnnA'! (>250) 4rdrraiouav 66.10

nr:rJrioufirgnr iloulo oo nltr{t o.: rnio': uuoifrl{rirriun ara fi n ndu (>250) firirqrn'jr
; ,J,vf, - - I " - ; g

rn50iutnvl Ltu'tlruot{a 0u1.rtfrr01.J a1u:!nllu LvafiIn0!rnv!o a1v5!n1l[YltJtu0u'1.11]'ln

" 
q ,& c v;i , ,; q "" -

1'0,1R1{n1tu0u to0on LtfrLJuu'rQ11n1trtl1Lvl.rYtL!a !:6u[u0{Q1nU5!1tu00n{Lnu [uu'']uu

nlnruv ara6nuasnr:rzurlvfito.rrirriurtiorn6.:lutirrr.larr'rfifrhJrinr:rfinflrt
q <; * . --

n15!ou Lnaon L$o9e{{unlu [36, 37]

12

11

10
9
8
T

6
5

3
2
I

a

o

6+€66<,oF'Fai

Brake porer (kw)

+ D€seL ,--I
t.*
\ *owPo ,,t-\-\ r--.-\
-------.-__af.,,-./

_N(i6c966ooEF6

Blake potGr (kw)

1,600

1,400

^ 1,200

I 1.000

> 800

du*
' ooo

200

f,-
nrr,rfi 5.15 Uilrruffrqariuouuoufronlqd (Co) ttasffrsnriuaulooonlrri 1cor1

yn'tn'ta{{'tud{d9

+Deset
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s.3.s Glrzuffrtluto:rouoanlsd (Nox) o1nn1flfi s. to ililrrufl'rqluln:touoonlori
; ,i,uZ - -(Noi) to.!rn5oiuus{ffLdrjrriudrra drrluornr,{arafinnau (>250) rfrouritnr:aLaaorirl 1 fr

nxl Lix 2400 lo!riou1fi louocniu'jrl5lnrurirrlulrl:rouoontrri (trto*) ro{Lniolutlfidld

rirriudrtaovoq]fi 29.86 {kw-h finr:clvarr 1.5 kw fi.! 58.25 g/kw-h finr:clvao 8 kw

Inufirirro6uo{d T.65 g/kw-h rJir:rruffrt1ulsr:rouoonlrri (Nox) floirnr'o{uudd"l'fi#rliu

vrarafinna'u (>250) ovo{fi 94.66 g/kw-h finr:slvao 1.5 kw fi{ 147.67 g/kw-h fin1iv

Laao a kw loufidrrodaoqjd 101.66 g/kw-h r,ruirffrrlulm:rouoonltri (Nor) turnioruusifi
"""" - - i tr d - 4Ltt'r!u a1aonnau (>250) LtJ0rvu!nuflLga !n1ff i LuYlntl{n1:u luao 0u'l.i!u8 a 1n Q

rJirrruooniroufiriotLlurirriuvrarafinfidrrairnr:rion-rro{ Nox 'tulorau t3sl iilrJiurrunr:

rkiouffrrlulsr:louooal{ri (t,to*) er'{arur:olirhiaoarlilounr:rjfrusiro.rnrnr:dnrirriu
rdorvr6rto':fr'ldo [18,35] rrasn1:tfitlu:.roiutolnr:dor'f,olrFlrfiahir{arflfirugrnst-ltflur.Jou

avoourn{u [18]

160
150
140
130

a li3
*'ffi;80
:28Z5a

40x
2A
10

;si.i.idi+d6ri;<iNF

Brake po.rel (kW

nrufi s.ro Glrrufrrrlulfl :rouaonlrd (Nox) fi ri1ri1fr{.i'luC{qo
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s.3.6 Glrruffrrtslo:nriuau (HC) arnnufi s. tz rjirrruffrslslo:nriuou (HC)
; .bv"" -d ""

r o{rn5aiuueivr-l{rjrriufr rra rjr:jror nviarafr nndu (>250) rfiuuniln r:vlr,raorirl 1fi
nxlr.rrix 2400 :a!eiouifi lnurjirrrufirrl,slo:nriuou (HC) roirnsoiur.reifil{rirriu6rqaot

,-j .d
o{fi zs gztw-rr frnr:cluao 1.5 kw fi{ 41 g/kw-h finr:cl ao e tw lrrufirirraduo{fr

17 g/kw-h rJirrrufirt'loln:n1irlou (HC) torrnioruudfildrirriunarafinndu (>250) ovaqjfi

106 g/kw-h frnr:vlraao 1.5 kw fii 59 S/kw-h finr:vTuao a kw louirirto6uo{fr

53 g/kw-h lslo:nrilouornnr:rzurtvrirtJusr-r6'r-ofifirJ:cIut{tolnr:trorl:v?vBnrnnr:
rzurlr,rflalo:nriuouornnr:rzurlvrito.:rirriuriio rninJ:vnourir ulolo:oriuoufinnrarlvri
lriar1:ni torar:duvridluaorucflrrlalo:nriuou t34l nr:rfiuiutornr:r.Jriouflrt

; .;- ".2 - 2 - "i\ "" -
LBLfl5n1:UOU LUrnt0.:UUnvt!n15 !tU',rlrutta[Y{a{0''ln'uu3 a1a9]nrn0i1n n1::1Lva1J0.lu'llJu
J - i, - -d e i 4 i,i "" - !

r{011{a.ivlu1un1:aot0{v't0fi0utu0.lr.t1i1nn11!vl]ovlr]110.lu'll.rutt0tlla': ltav !',],i61u10.i
, -i , - f,- ! - a i;

tt0Lra.ivBra!fl!01n'tn Lutl.i n15onu'ruuLt0rfla { 0v ua!0u [u1ruY]:uv'11.: tt]l?uc n 4ulta u

n:c!onau uJarb{nr:rrurlvrTl,riaur:orqird.rkiodr.:fir.1:ctfl3nrr'[utio.:'ir':tvairfi6rfrlri
) z,

rnSoruudrldoaiirrlolo:nriuou Lurjilrcufrq l [41,] 01nnrr1.ifi 5.i r,{!'jrnrr vfiotoldrfu
ornruvrarafinndtr (>250) finrsr;1n'ilriruiudrqa d-rr?uinirlrirfioniirrruflrtlsto:nrirou
LulJ I tJ't fum a,i

120
110
100
90280iro

S60"50
i40

30
2a
10

esnu ooN rdi

8r.ke porrer (kw)

J.
nrl,rfi 5. t z Gl1rufr rq'loIo:nriuou (HC) fi rirrirfri.rrualao

+Diesel
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5.4 n'riyr06oura;0.:uuriyil{ulfxolnrurna'rdfinfiu:.roi'uririnunnrir.rfru
) r) r i d " ' .i

n1:voao! Lfi:o,ruwrflr5c Lvaon{vtn! nlaniMo,i Ln:o.ruusihanlxsnl:1i'l{1uflo.i
i .i - i - .i

lolLnto.lullnru,grnnlnnu Luofi:1nr:oortor aivlus{oultn nn1.inufr 150, 170, 190 uav210

kycm2 loulunrirodo!ns1{d1fu6rqafi'xlrJnrrrviolrlalo Lrarflfuolntusaalafinndu
-ic!" i - "" - Yi)(>250) vtLovr'rn151tn:lsvrUiuurvru!a!!auli[10[ a {10.11.J'll..ru ufi a vtuo vl.iuL1I0

rujiuurfiuua!::nuvroirnio{uuefluoilurira-r:rurnio ruus{ d'n:rnr:iuulfio{to.i t{otflA':uri
- - -l- A r q.! o o i ,

astuo [avx]aflu, tfl001nLo50.ruuFr11nn15 LtLtot a{tuosl1l'l Lu50!n15vl'l.l'luvluannl,i
; t*ui -nun'rir Lqa:J!q6.trn1:aoua uvll l Lataut0{tn:0.iu!nvlLtu'luu0lntuv a''ldgln

s.a.t dn:rnr:duuJ6orrdort6.ril"r [v{1sfiri1r[1.i6'urT?6n uornsirrriu nrnnlr'{fi 5.18
- 3 ,- i ) tA , !

ttao.r o0:1n15dur!ii0ntt0 tlra.:01rfl'rv1]0,i Lnl0.iuu0vltt:.lnuvlaoLt9lfl0l'l.inu 1ru1'ltt0t a.l
3 ,- i -.i , i

ain!uu araA nfi olfl:rnr:iur!64':16our6.:frqln'jr16ornil6rtalurj'l lnx 1! L51ro!e1"1 [ri
hrjxnmlrir:olfi 2qoo :o!riourfiduhJ6.ruilurirrfiunio.ruual#rirrildl'i1ue.tqo t48l

! ,- a ^".- -" , - -d i,.;
fl!11!n10-0:'rnltau[!d0{rt0LYl6ii Lnarfiu rf]1r lulnn1u5.louv']oovlL!au1.lLL!a i Lou0sl51n15
: .- .Y ^ " ; t)oui - a .j,
f,uuJ6orrfiou,rFrrirrrrcro.:rni-o.ruudfrl'fdrliu6rtafiaru:ro'uri'rdor.rlgr:!1uagfi 0.28

.! .;qeX a !
kglkw-h uavo'0r:r nrrtu uJd or 16o rndrrir rvrlvto.i tnSo'ru1rerfi1"6rjrfulfiorfl6{or ntEr c

rardfinfrriru:.iriufi'rdorrn:Srurvirnju 0.27 kglkw-h firiru:16'u 170 kg/cm2 rvilri! 0.28

kglkw-h riru:roiu 190 kg/cm2 rvilri! 0.27 kg/kw-h uasFilu:.:o-u 210 kg/cm2 rvirriu0.28
d '; a A .|-

kg/kw-h nvrulrl'tvt6?11.r[5150!aifl01[n50.ruuo 0n:1n1laur!a0{011r'{1v Lt]tJn11lJ tLonrl'r{nu
.l - ! ,- . .j .5et i,

1Un UAvn'rroa ut0,i 09r:1n15au[ua 0 i n1[Y{1cll0{ tn:0{ uuovrtt tt a rva.i o r{avn'] u,:.rouv?ar}

rlrsr:!1uoqjfi 0.31 kg/kw h $acrirraiuro{dn:rnr:duul6orrdorfla{iir ry'rrvro'rrnior ulsifi
q.l - ! - - i,
I.firirfiurfiou,rF.:o']nruv alaGnfr€i'r rlr.id'ufilaoulsrirlurvilri! 0.35 kg/kw-h frriru:.:du

),^,2,.,
770 kg/cm' rvirfri o.lz kg/kw-h riru:.rrYu l9O k{cm' ri1rY1-r 0.33 kg/kW-h uavriru:rriu

270 kg/cm2 rvirriu o.aa kg/kw-h 6.tovrfiu'jrnr:rfiru:.r6'uf'r6oaur:nandn:rnr:#uuJ6or
J -"r{ a r1,{ d.i 01Lll1u Lfr tv!'tiu:oua3 5-7

06

0.5

,'
) or

<- Dv!"o

0.1

0

1800 2100 2400
Enslne speed (lPm)

i .- - { .- 3 - . i,
n1fl Yl 5. 1 8 091:1n'ltd1.llUaO.:tgO[11a{01[yl1v?ln1[[l.lOUll?iIO9l'].:nU

214{
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5.4.2 rJrsev3nlnrirnluioufi iru:.ro'uriaiaunndr.:fi'u ornntrfi s. tq nuir
.? - v ;; , S d t

rt0L}la r01ntuvra1ann u:r avrsn rflrt rn111l:0uvrm1n11tt0r1ra io r{d Lu t l.i o') 1l.l ,l1t 01J 9r'l
z ; , -!r) a , ; n

usr'ludr':nru15'l:oufr 2400 :arriourfrfiuhji':rfludr rfr rn5orEJusilfirirrirdr.:ruarao tq8]
, d v d i ,.i!'t 1 t.] n 1 u i e a 5n'r 11 [t.! n 1 1 u i 01] Ln a Ln u.i r u LtJ vr n n l ttt.i 0u 14 1 ao r L! a uu LL! a.i tFr u

) .;.eN - d i. ,)"!IvAv0ul rtnn?1 t0utJ0{ tn:0'tu1.l0t1t[tu1lluo t!avn1u5.tfrul,r?ofilrl0:n1!0uvlS0uav

28.25 uavd:vf,vr6n1 L8{nl'r ;ourorrn5oruuoifil{rirriurdorvrdrorntuv a'ramnfiFi'rrLr{o-u

u'riorLrn:oruuvirfluiooav za.aq firiru:rd'u tlo kg/cm2 rvirrirliouac 27.95 rilu:.in'u 190

kg,zcm'z rvirriuiouac 30.10 uasriru:ro'u 2ro kg/cm2 rvirrilioaav 2t.9s qvtf,uitil
c;.J

nl1!15?:0!a{10.r rn:0iur.r9r1l:varnn'rr[tna2"rt.ll0u Lt.|l.]n']1 [0nn1.:nu lnun uaunl[aau
; ,!t-! .i, ';.fl0l1l:vaY0n1lltt.inll:01r110itfi:0.iUUnvlLttt0[ A lat{avln1[5.iOUv']afi1l''lrl:i'lU0B11l0U

al,25.71 racrirro6uralU:cfrvrBar rS{arrr.rioutolrnioruurifrldrirriur{orvrdlorntuv
-J, ----J, ) ,-u

ilaldAnfrdlu:{qluviriorrn:5rurvirfrtlioErac 23.33 ipilLri,idu 170 kg/cm' uvirfliiouav
2 , -! 2 , -2q.ss riru:roju 190 kg/cm' rvirfi!iouav 24.27 k{kw h racFiru:rri'u 210 kg/cm' rvirrir

ioaav 2q38 6.:ovrfiu'irnr:lfiru: r6'uri'rdnfiruarirlfidrrJ:vivrBnryrrtloruiouaoartuti'l.r

all1lt:'t:a1isn

s
d
'o

E L)

0

+owPo

1800 2tw 2400

Engine spe€d (rpm)

J -- i --n'r ?l 5.19 U'rd 6n11,r[t{n?'lutouvrut.r9ufi?oounnn1{n!

rfi s.2o yruirrdor,r6rorn
;,3

tusralarln o yn nl{ toLauyld.rnirrfiou,r6 16rtalutir.lor rrLrir: ousl"r usl'ludrlnrrrlrir
:oufi 2qoo :ouriourffusuhidrrtlutjrrfirnioruual#rirrira'lrru6ran t48J vrl'jrfirirqrura4fi

) t.bvi -iirolorfrut or rnSoruusifrLtdrfuornrusraraG n o u gil n'i rluvr n rir u: I duri'r d orfr uJfiuuurjal
; .,*,v"" - - i,

loaqruu4iffrtlorf,uro lrn5o.riJueifrtrirjrl"uo rrafiriru:.rrYur,l?dotrfl:muo{:vv'jr.: zcs'c
fil sza'c uavqrura4fiffrrlorf,uroirnSo.rauiifit{r:srriuriiour6rornruvaa.r6finfrri.rrt{olu

fi'rdorrn:rrl:vyi1.: 220'C 6l qso'c firiru:ld'u t7o kg/cm2 lavi1i 232.c fi.: qao"c rir
uiloiu 190 kglcm2 :vu'Jrl 2585"c fi.i 460'c uavriru:ld'l 270 kg/cm2 :sy.j1l 243.c fi,i

450'c yr!ilQruvlfiffrrlorfiohifinruunnritfiiurnfin fiu6oriryra"llrunllioufiril6uuhJ
i --..).-[!ure{{1una1]airt0Lfl a.i!n1 tnerau.:nu

l
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600

- 500

t 400

3 :oo

- 2Cr0

;lm

+D,vvPo

1500 lE00 2lm 2400 21co
Engine speed (rpm)

5.q.5 Grrruffrtnriuoulaufi onltdtrolrodo.:uuddiru:uurir6ounndrrriu orn
-i , , J .,iel :,

n^lIfi 5.21 r,ru'irrir rodutor ff'rrnri!ou!oufionlroinorrnSo ruudfrt'Urto ur,rF 16 rtafrrir

u:rfruv-rdourgl:oruodfiiouav 0.09 uasnirra6uto.rffrtnrirouuourionttritor rn6oruuo{fi

1{rirriur,6ourfi.rorntuvnaraGnfrrirui.:6'ufi'?Aolr'rnlnrutvirn'uiouac 0.09 frri1Lr:.id'u 170

kycm'z rvirririoua& 0.08 riru:.rriu 790 kg/cm2 rvirrY!iouac o.o8 [asrilu:.roilr 210

kycm'? rvirriuiouav 0.08 fl!'jrU3!rcufirqnriuourrourionltsihifinruunnrirrrTulrn n:fi
tr - i --

tt.i na'l2uao i tv rvu11n1: nw*: iou1r0.ivl00a1 't:0rttuljSuar5n1fln1:ru1L141r[f] 0.ivl1L14

u5lJ1[Uelqo15U0Ul.l0UUon !SO LtJltnn01in!

nrnd s.zo rGuurfi uuo unfi ff rqloriltrfi u:r6'ur[eiounnsirrriu

0.25

i o.zo

!o15
5

Soos
E

0.00

-+- Dv,trc

1,500 1,800 2,100 2.4AO 2.1m

Englne speed (rpm)

n'r?{d 5.21 ffrtariuouuoufiaaltddu:qdur,r'e6ornndr,ifiu

5.4.5 Grrlruffrt6ritautoaonltrita{r6Co{uuddril[r:ln'uriednunnsir{fiu o1nr1
j_^^ .i - a tayi ;,
vr 5.22 liU?1A1tAAU10in1tA1:U0U LFt00n L{O,UA{rn50 rUU9}yrLt[t0tfla.iortayln'] LH{ouy1a9l

rrn:gruoqifiiouu" 2,:, ruavrirrodurorffrrnriuoulooonlsritorraiorErugifil{frfu
rfrorn6.:orntuvuarafr nfrrir u:ld'uri':6nlror:rrulyirrYu iaaat o.t2 finiru:,:6'u t7O kg/cm2

rvirriuSoaav 4.83 riluilo'u 190 kg/cm2 rvirrYuiouav q.12 uavriru:lolu 2t0 kglcm'Zrvirriu

iotav z.9g avrriuirnrtrfi lu:.ro'uu'rfi oarrr:nan!3lrruflrrnri!oulnoonkoilulorf, uld
tJ:vrrruiouav 1o-15 6.r nl:iu:ld'ura'rio ufilfiuaur:nir'hirirr:iuun nsr-rrfllc.louayo o.rldd
! "q" \ -t - g - ,iu rirlrin r: rzur1vrlfr o,,n 6.r frrJ: s f, vrE n rl,r rfrl{uildr aas,rjilr ruffrrnrril ouloo o nlssia116

t



1.02

t2

910
s

t

0

1800 2100 2400

Engine rpeed (pm)

nlvd 5.22 ffrsnriuoulqoanlsridur{d'uileinunnsiT .rriu

s.q.o Gur6uffrsluln:rouoonlgril,o.:rndo'ruu$idrirur.ro'urir6ousrnrirrriu ornnufi
5.23 uao.r!3lrruflrtlulfi: lruoon'[sriro rrnia':uugifiu:.rdurardn url nrir.:niu lru'irrirradt

) ,;.v! i,
ro r firr1ulo:rnuo onltrito.r rni o.ruudfr'['[rfio rnird rtafrrir u:rri'ufirdourn: oruodfr 810

, ., ri r.i, -z - a " -:ppm LLas nlLAe Ut0.in1fl LU LntL0u00 n Ltfr110.i Lai0 iul.JfrvrLtLtl urt0 Ll,! a i01t1ru v1la1aonr

riru:rdufi':dorrn:lrrrviinn 717 ppm firiru:.:olu 170 kg/cm2 rvirn-r 529 ppm riru:r6'u

190 kg/cm2 rvir 6'u qqt ppm uavriru:rfiu 270 kg/cm2 rvir flu zgg ppm ll!'j1nlirfilr
u:rfrutolri'rdoar i:nao ir.J1rufir{tulor:rauoo nttriluloriutdiouav to-ts tuyrndxd'n:r

I * - " - ; i - -- -'i "q.z -n1:tytulut0':n1[:{Fn]v1afl0ulnuuBalnru t{nllvlL$,ifr1.J141afltYl1.rflu0va1!'ri0vt't L14u1r.ru
I - ."-: - , ""- . -t - tr 3

rt 0rfla.i tLflnrl'] LlJurl0uay00.i loofll.t 118] tl uvl [vn1tU.J't LvuLx0 Llra.i lJ5vauin1 r111.l1JLJ

:-,
!r"f,uo rdruanili 1ruf,lrlulnrrn!oonlrriarli

nrnfi 5.23 ff rttuln:rouaonttridu:.:6ur.r-'l6ouonsi1.rfi'u

1000

h 8oo

8. ooo

i
t a00

o

0

1,500 r,800 2,100 2.4@ 2,7@

Englne speed (lpm)

----a- ovr'A!210 + ol^/Pol9(
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uvl?t 6

a:{Hauavta[duouuv

- !.
6.1 dlililan1:;inulnlrileoriruiuolnruc ald6n

"."" - ) .,
n'r:Anu1n1truan [aynldL{djriuolntuyfl alasr-nlurnt-o.iuud d L{a rfi ofi nur n:slru.rr:

iran n'riu!::!ttivnaraGnrfllrirnnrda lr6.:orntasnara6n'[ur.ioilrnal a0rufiriii-oruv a

alou lv arra rfiol11iuli1:1i.i drrnorriudr:ru n-rvioala:rtori oonulruavairlto
qrJn:nlnr:hla1:6aurlhiriorfior :vd'lriorrJfrtEnr: rrl1o 5 filanir:rarafrnrio:oun^:

^ "" - i - J.- - ! -.
zuan vlo6o!a!!nyrlrnrroruuurfiornfirfrlirfiuunnrirrlu6r,tari'tlrJ yrnao!atil0llcuay

nr:rJeio u ff rrlorf; co/co 2/Nox/HC rai rnio{sruei lout{ro3oluuo{Qnrc riodru rirfiid'o
iu < u a ;
Er.io4lu6'r rulo 14 u:rfir uwdosr:.: 1 a! rf,urnsolutrdlunr:yroaor uac finurn?u
ntn1yl1irfl:u6fi1ao:

6. 1.1 zuanr:fi nrcrnr:Hirtrjuiuorntucflaiafi n

6.1. 1. 1 frndllro.r16oryriruaarffkiornruc arafr nueiavtintrifinruusrnrrlrYu
, ,aqe .-l

0! fli 6uvrLgrvu'leat.] nun:3L1un1: LllLa li{a Li!1J ConventionaL Io utao a?un1: t!A uu
d, t - i- -J d -"" - -.;qa0lucLul.JLt0rlra rr1.lalvi0uae 66-72 tt.l0tru!nuu'11,1!nt0ilruuYla'tdrlnyrLt hl

6.1.1.2 altGfloi[6ourdrornruvyraldAnalr.]1:0rfruukiriurirrTu16ou,rfirvr"rhj

6.1.1.3 nlrrJAndrfu16ornfi rornruyilalafi nloul{roorjn:oi"[nlal:6a turo
- r"3- j --- .j,- j,

5 n Lantxlerotolnl5zuasr Lnrlr]uroau 4.5 aeE :1n1roaiuaoiio:yl 30.74 llyt
6.1.2 nllvroao!rnio,:uuli

6.1.2.1 n1:roaournioruuo{fiFiru:.ifioaiao o'sr:rnr:duril6o.rrdour6lo'rurrv
t a.i d - d, ; , ? -"-'t01tn50.luuo ttul!un1ntuu a1aflfiilaln1n'!'tLt'rxluorta u5vayr0n1lut{a11lJ:0ut!5n10.1

d t*vZ -to5a.rsueifrLddrilr"unrnruslralafrnfirira.rnildlrriuA rraloo ronryodrl0l'lutirlnr:ylyaoal
-- ,r d s .i ) tbt v! . i ,j.-vt -0tuynilnlt L0ta0 LouLaaufl0.trn:0.:u!ny Ltu1rJua1ntuvfla1agln0ua.in11rn50iuu9t14 t.8u1!un_

a .i .*e"" , , =J t.k-
fl rta nliUa0u!afl u[0tau!0iLni0.:uuny Ltu'ruunlntus alafl n!n1a{n']1raso.!rJu0i, Ld
I --1.t't!uoL{a

6.t.2.2 nllrto,a,aurnSo.ruuoifi rira'r.i'1!anao fl!'irdorr nr: a'uuJ6olr{orvrf,l
. .i aex - - ; , :n ' .:.ee" - - i . :
0'rryfrsu0,lrnt0 {uurl Lgu']lJu01nyta1a9l n0c0llnllrnt0,luuglytLtu'tltutitqallrl:u Lyar]o1 Lray

!.^!-"
ovfi oim:rnr:f,ur!6orrfi olvr6.:dru,rrva{n'iirfi aniicluana.r :eayinl r0lnruionru:n

A .4ez e , J "..;n... - - ; < ;
110':roi0 ruurlv Ltu'ut1.J01ntuyfla1dn niln1a ln'lltn:0{uunf [tu'] uo t{arnliy [yao0l1 un
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20 26 30 38 31 0 0 0 0

30 3l 40 50 47 0 0 0 0

40 40 64 58 0 0 0 0

50 53 162 111 109 0 0 0 0

60 168 165 166 166 0 0 0 0

70 195 226 172 198 0 0 0 0

80 199 246 186 21A 0 330 0 110

90 216 264 195 lt6 300 640 0 31.3

100 225 278 202 235 400 1,250 0 550

110 232 290 206 243 500 1,550 0 683

r20 229 300 2A8 246 370 950 0 440

130 252 216 260 1,000 300 0 433

t40 268 316 118 234 1,300 140 0 480

150 262 222 242 1,350 400 875

160 274 233 254 900 550 725

770 zot 239 260 300 600 450

180 255 1200 1240

190 262 262 900 900

200 265 265 400 400

210 270 210 204 200

6420 5160 4250 5277
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fin':ruuE'::ou t600 :orriourfi

1600 rpm,/power (W) 1600 rpmlftow rate (s/8 mt)

toad q[sa 11a1dan ot{a ?{a'tann

1.50 484.00 310.7 2 40.00 69 00

2.00 644.96 429.57 43.40 66.00

2.50 813.60 551..65 45.00 61.00

3.00 970.94 688.09 47 .00 58.00

3.50 1,149.00 928.20 40.00 49.00

4.00 1,340.00 1,066 85 37 .04 47 .00

4.50 1,532.70 1,236.92 34.00 42.40

s.00 1,711.00 L,405.20 30.00 41.00

5.50 1,904.00 r,481..7 6 21.00 38.00

6.00 2,070.60 1,699.40 26.04 36.00

6.50 2,231.56 1,943.40 25 00 33.00

7.00 2,359.7 4 2,043.1.3 22.40 32.40

7 .54 2,511..20 2,t62.65 21.00 30.00

8.00 2,628 84 2,273.38 19.00 30 00
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to.:rnio':ausifi neuria:ou 1600 :orsiourfi

1600 rpm /SFC (s/kw-h) 1600 rpm /efficiency (o/o)

Load ot{a 1{ald nn ot{a vlal d an

1.50 1,264.46 1 ,07 4.64 6.26 7.28

200 882.69 812.65 8.96 9.63

2.50 668.63 684.68 1 1.83 11..43

3.00 536.44 511.3r 14 75 13.56

3.50 532.64 506.58 14.85 15.45

4.00 493.75 459.50 16.02 17.03

4.50 469.76 443.50 1.6.84 17 .65

s.00 476 91 399.91 16.59 19.57

550 476.19 409.t9 t6.62 19 13

6.00 454.72 376.60 17.40 20.78

6.50 438.80 359.26 18.03 2t.78

700 471.55 352.40 t6.78 22.21.

7.50 464.21 355.12 17 .04 22.04

8.00 490.11 337.82 16.14 23.1.7
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1600 rpmlCO CO (q,ukw-h)

Ioad q[ga aldnn otsa flaldan

1.50 116 00 r22 00 14.67 13 11

2.00 1 19.00 129.00 10 50 10.48

2.50 123.00 122.40 8.22 835

3.00 119 00 128.00 6.38 739

3.50 118.00 109.00 6.79 5.52

4.00 103.00 110.00 s.09 5.05

4.50 100 00 94 00 4.70 4.17

s.00 90.00 99 00 q.29 3.96

550 96.00 96.00 4.57 3.97

600 86.00 120.00 3.91 4.52

650 84.00 145.00 3.69 5.21

7.00 84.00 154 00 3.96 5.43

7.54 75.00 157 00 3.48 5.58

800 71.00 183 00 3.48 6.18
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)ava21rt:?:ou 1600 :aunau.wl

7600 rpm/CO2 Coz (s/kw-h)

Ioad 9[{a 1'taldnn otqa alaon

1.50 098 1.04 1,239 17 1,1t7.63

2.00 1.07 1.14 944.48 926 42

2.50 1.09 1.15 728.81 787.38

3.00 1.18 1.31 633.00 156.28

3.50 1.22 r.39 649.82 104.14

4.00 127 \.49 627.06 684.65

4.50 1.48 1.44 695.24 638.64

5.00 1.47 L.67 701.06 667.85

5.50 169 1_ .7 4 804.7 6 711.98

6.00 1.67 192 759.38 123.08

6.50 1.72 1.99 754.73 7t4.92

7.00 183 2.1.4 862.93 754.14

7.50 185 2.16 858.78 7 67 .06

8.00 1.93 945.91 770.24



1.23

er'r:'r{fi r.9 anli odauGurruffrqluTn:rouoonlsdtorrnio.iuuei
;a
Yral'l![:']rau 1600 :ounaulYr

1600rpm,/NOx Nox (g/kw-h)

Ioad nLta 11a1Arl n ot{a flalann

1.50 t47.20 287.60 186 13 309.07

2A0 t63 60 294.10 144.41 239.00

2.50 181.70 287.60 12t.49 196.91

3.00 192.20 294.10 103.10 169.79

3.50 200.00 287 .60 106.53 145.69

4.00 221.10 294.10 109.17 135.14

4.50 259.80 287.60 122.04 127 .55

5.00 261.90 294.10 124.90 117.61

5.50 282.70 287.60 134.62 117.68

6.00 280.50 294.10 127.55 110.76

6.50 294.20 287 60 r29.09 t03 32

7.00 309.00 294 14 t45.71 103.64

7.50 313.90 287.60 t45.71 102.13

800 330 50 294 10 161.98 99.35

I



124

.l^r--'ri
n1:1{fi r.1O Han'rrraaouq 4fi1orflato.:rnioruueifinrlxrix:ou 1600 :ousiourfi

1600rpm/t_emis

Load 0[qa a1dfln

150 129.20 132.40

200 1.27 .90 148.40

2.50 141.70 143.70

3.00 148.10 149.30

3.50 146.80 164.60

4.00 158 40 17 4.40

4.50 17 4.50 187 20

5.00 18t.20 208.80

5.50 195.50 221.20

6.00 204.50 233.04

6.50 21s.80 238 00

7.00 227.30 272.60

7.50 235.90 283.10

8.00 238.40 291.80



125

n1i'r!fi r.1 1 r{anltylodouGilrruflrslaln:nriuouto':laSoruusi
Aa
Yrn?1r[:?50u 1600 :oufl ou'l?i

1600rpm/HC HC (g/kw-h)

toad o[qa yta1d9tfl otqa aldnn

1.50 116 145 146.68 155.82

2.04 119 1.53 105.04 124.3q

2.50 123 151 82.24 107.50

3.00 1.19 156 63.84 90 06

3.50 110 146 58.59 73.96

4.00 103 135 50.86 62 03

4.50 100 143 46.98 63.42

5.00 90 123 42.92 49 19

5.50 96 118 45.7 | 48 28

6.00 86 115 39.lt 43 31

6.50 84 133 36.86 47.78

700 84 125 39.61 44.05

7.50 75.00 121 34.82 45.10

800 71.00 135 34.80 45.61



126

ari1.:fi fl . 12 iianl:Todouri'ra{.i'ruuavnl:du[deoludoru6rtorrn3aruuoi
)d

Tn?1r[5?:AU 2400 :AUnOU',rvr

2400rpm/power
24OO rpm/flow rate (s/8

ml.)

Ioad fitga vta16frn ot{a l,ra1dnn

1.50 1652 44 1180.00 2r.40 29.00

2.00 2171.60 1642.20 19.00 27.00

2.50 2697.30 2014.50 18.00 24.00

3.00 3t81.20 2430.80 17 00 22.00

3.50 3648.00 2939.70 15.00 20.00

4.00 41 10.80 335)..20 15.00 19.00

4.50 4550 40 3884.40 15.00 18.00

5.00 4982 00 4199.20 14.00 16.00

5.50 5405.40 4080.40 15.00 18.00

6.00 5750.00 5146.50 14.00 13.00

6.50 6156.00 5405.00 13.00 13.00

7.00 6502.50 5588.00 13.00 13.00

7.50 6732.00 5268.50 12.00 13.00

8.00 6794.20 5018.00 12.00 13.00



127

J-{.-z^
Ft1:1.ili lJ.13 Han',t5?tOd0U0n5',rn1:6lu[ud0.:llt01]ra{uaru5Edmdn11'[1,.1a?1 iou

rolrnBa.ruuoifi nru rir:au 2400 :orLriourfi

2400rym/ SFC (S/kw-h) efficiency (7o)

Ioad olqa a'tdon otqa fla'tdnn

1.50 569.801 673.290 11.89 11.62

2.40 593.305 519.628 1.3.34 15.0 6

2.50 504.208 47 6.545 15.69 16.42

3.00 452.659 430.835 11.48 18 16

J. )U 441 .368 391..871 11 .69 19.97

4.00 397.003 361.850 19.93 21.63

4.50 358.650 329 523 22.06 23.75

5.00 350.978 342 922 22.54 22.82

5.50 301.920 313 69s 26.21 24.95

6.00 304.099 344.371 26.02 22.73

6.50 305.893 327.902 at Q-7 23.87

7.00 289.593 317.163 27.32 24.68

7.50 303.030 336.397 26.11 23.26

800 300.256 753.190 26.35 22.16

I
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er'rr'r.ifi r,. 14 r{an1:yrFrdouGrl6ufi 1s61iuou!ouff onlqdroqnia.:eru0i
;a
Yrn?1 r:?:au 2400 :aunaul?i

2400rpmlCO (ppm) 2400rpm/Co (ppm)

Load o[qa a1d0n oL{a 11a1d Ofl

1.50 44.00 157.00 2.51 1.0.57

2.00 27.00 139.00 i.60 7 .22

2.50 29.04 130.00 t.46 6.20

3.00 18.00 102.00 0.81 439

3.50 15.00 105.00 0.67 4.11.

4.00 16.00 73.40 0.64 2.64

4.50 26.00 77.00 0.93 2.54

5.00 15.00 82.00 0.53 , ol

5.50 31.00 115.00 0.94 3.6t

6.00 57.00 184.00 t.t 1 6.34

6.50 75.00 255.00 2.29 8.36

7.00 80.00 21q.00 2.32 6.79

7.50 131.00 203 00 3.97 6.83

8.00 136.00 168 00 4.08 5.93



129

n111{fi r.15 anliyroaouGurrufrrsnriuoulnsoonlsriro.rraio.iauei

fiartLria:au 24oo :auriaurfi

240Qrpm/CO2 (o/o) CO2 (g,/kw-h)

Ioad otqa vralann otga vtalaon

1.50 1.00 183 569 80 1,232.1.2

2.00 1.00 1.83 593 30 950.92

2.50 1.00 203 504 21 967 39

3.00 1.00 1.98 452.66 853 05

350 1.00 2.35 447 .37 920.91

400 1.00 2.07 397.00 749.03

4.50 0.87 2.61 312.03 860.06

5.00 1.00 2.77 350.98 949.90

5.50 1.74 3.10 344.19 972.45

6.00 1.80 3.27 547.38 t,126.09

6.50 1.66 387 507 78 1,268.98

7.00 1.J5 3.87 390.95 1,227 .42

7.50 1.52 4.03 460.61 1,355.68

8.00 1.96 3.87 588.50 1,366.85
l
1'
I
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n1:'rrfi r. 16 fl anlrylfl douGurruffrsluln:rouoonlrsitoqnia.raud
fi a'lruria:ou 2qoo :aurialrfi

2400rpmlNOy (ppm) Nox (s/kw-h)

Ioad otga 11a1d fl n otqa ftaldnn
1.50 52.q0 140.60 29.86 94 66

2.04 39.10 152.80 23.20 7 9.40

2.50 54.20 t82.70 27 33 87.06

3.00 41.40 189.40 1874 81.60

3.s0 35.90 238.20 16.06 93.35

4.00 40.90 212.30 16.24 7682

4.50 100.50 280.40 36.04 92.40

s.00 55.00 292.70 19 30 100.37

5.50 125.00 296.70 37.74 92.89

6.00 t79.70 308 30 54 65 1.061.7

6.50 157.80 351 90 48 27 115 39

7.00 140.00 367.40 40.54 116.53

7.50 148.30 413.00 44.94 1.38.93

8.00 194.00 418.10 58 25 1.47 .67

:



131.

Fr'ri1{fi r.17 anlryro6touo finfilorSurorrnio.ruusidnar ria:ou 2q00 :oudourfi

2400rpm/T emis

Ioad o[ga ltaldnn
nlga+

fia'tdnn

1.50 208.30 250.70 236.90

2.00 207 .50 249.40 2q7.70

2.50 220.20 265 50 280.90

3.00 237.20 286 50 287.40

3.50 248.80 315.10 295.30

4.00 266.60 323.70 304.60

4.50 285.80 338.80 306 00

5.00 306.20 356.60 351 80

5.50 325.80 400 00 369.80

6.00 345.40 434.40 395 50

6.50 366.60 449.00 463 50

7.00 386.90 464.60 472.40

7.50 397.20 461.30 429 30

8.00 420.30 469.04 483.90



132

a1:1.rfi r.18 anli adouGrJrrufrrvlalo:nriuauso.rrn3o{uuei
.ic
fi arruria:or 24oo :ousiourfi

2400rpm/HC (ppm) HC (y'kw-h)

[oad o[ga flalann a ts,a fla'rdnn

1.50 44 157 25.07 1.45.71

2.AA 27 139 16 42 12.23

2.50 29 134 14.62 61.95

3.00 18 1_02 815 43.95

3.50 15 105 6.11 41.15

4.00 16 100 6.35 36.18

4.50 26 100 9.32 32.95

500 15 100 5.26 34.29

550 3l 115 9.36 36.07

6.00 57 150 1.7.33 5t.66

6.s0 75 160 22.9q 52.46

7.00 80 165 23.1.7 52.33

7.50 131.00 170 39 70 57.19

8.00 136.00 168 40.83 59.34

h
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