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ABSTRACT

This research was conducted the enthalpy and exergy analysis of fish canning
plant. The main equipment of this process consists of a boiler, exhaust box, brine heater
and retort. From the enthalpy and exergy analysis, the boiler unit had the enthalpy
efficiency 39.46 % and the exergy efficiency 12.14 %. The exhausting unit had the
enthalpy efficiency 67.68 % and the exergy efficiency 27.97 %. The enthalpy efficiency of
brine heating unit was 47.68 % and the exergy efficiency was 28.77 %. The enthalpy and
exergy efficiencies of the retort unit were 30.94 % and 25.17 %, respectively.

For the energy saving possibility of this plant, the concept of pinch technology
was applied to find out the chance for improving of heat recovery. This analysis was
made into 3 cases, by varying the temperature target of hot stream and cold stream. By
using heat recovery of condensate from brine heating unit and retort unit to warm up
water feed of boiler, the steam quantity can be saved about 47.5 kg/h or equivalent to
fuel wood about 8.2 kg/h and its cost is around 15,850 baht/year. The heat of blow down
and condensate from exhausting unit was recoveried to warm water for can cleaning
before the can was proceeded to retort unit. By doing this, the steam quantity can be
saved about 2.09 kg/batch. Furthermore, heat recovery from condensate of brine heating

unit was used to warm water for brine preparation, it can save steam quantity about 18.43

kg/h.
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6 = ﬁwmumi’uau‘iumﬁﬂszﬂﬂmmnﬁ’:ﬁ)mﬁq
cp = anudeusumziinnudunad (kkeC)
Cp.,, = mnawieusumzvesauitu (kikg®C)
Cp,, = manudouiumzvesaedou (Kkg®C)
c, - manudeuumziiinasai (WAgCC)
E = wasnumolu (km)
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H = specific enthalpy

HY = sanudeuvssudemas (kJ/kg)
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h = ouatl§umizeslen (dke)

J = utility stream
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LHY =  sinnwdeusiveusemas (kJ/kg)

m = rmidnvesms (kg)
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mCp = sadousumizuesaio (kw/°C)
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P = A7UAU (atm)
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Q = amudounds k)

Q = anudeududa k)



Q = rate of heat exchange

wasnuauieu (k)

y =
q - anvdeuiifanoldnnusund k)

a, = anudeuiinameldyiinasnedi i)

R, = rate of production of entropy

s = $woudanlesTussdilszneuveusomaa

As =  maasunlouenTnsi

T = gunpili(K, °C)

T, = Quuiisnd(25°c)

T, = quugiitudu (°0)

T, = gquugithwine (°c)
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assfungden 1 veames lulawmiind Fuowathzuenlimnudalsuannudoudivill
THmuuazsdsinunideuiigads Uss@ninmFanidou (thermal efficiency) voesz1D
wiiivwh  dulSinavessuiaiiihlldnumisdolSinaveseuiadildsussu
z [l 9 - o = a - 9 ar ar &
vinua dungden 2 veunes lulawniindezifvadestuguamvemdanu Fawen'ldly
] ot - a a a ) d ot .
honwesd  lavilszantmmdannuionuveudmwesd (second law efficiency) ¥99581L
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9311111U?Nlﬂﬂlﬂﬂl‘]ﬁﬂﬁ'ﬂﬂ1‘5x‘l1ﬂﬂ15ﬁjﬂlﬂﬂl‘ﬂﬂiﬂﬂ~iﬁllﬁ‘niﬂllﬂiﬁ‘u‘u
d  ar
2.1 MIAATICHNAINY (energy analysis)

5 9 o = o o a J
Singh (1978) 'IﬂwmmmmﬂﬂzuIﬂﬂmsmgﬂunn (model) YBINIEVIUMIHAAYU
g ey = d o 1 ar 5 n’ll
vuneilumsuanin s Tasdsnsdinsizindanu Jegdeiuianun 7 funeude
¥
> o { . - .
1. AvinRUszaan (decide on objective)
n’: 9 n’: Y 7 o o [ o n’& Y =
lutunsnizdosnsinguszaeinesdnandin  Sagilszaernadesi Tone
Ty 18R ezihmsdfmlalszansnmwdanunelulssn Tasmmwisumasvesndan
¥
] ' o 3 4
AMUSBUAN 9 15U 10111 (steam) , an3Y (heated air) 1HUAY
2. 1{ABNUBLIYAVBITLUY ( choose a system boundary)
MIABNVBVIVAYBITE UV 1A TAUNII RV ITUIVDUIVAYDINTTUIUNTS
o | P [ o ' or c: ; v 14 - k4 o = o
nowwih luduisuiiunasmiund iy luduseuiinoudndledssiimsinseily
= " v o =) @ @ dar a
ssvunlngiiull e lsnaumsidenvetivavesszuszinNuFURUTAUMSINSIZH
¥ ¥
wavuveunsetielunszuaumniu
3. MAUHUAIVBINTZUIUNIS ( draw a flow diagram of the process)
iWumsnaunuia (flow chart) ¥eanszuIuMsHanmeldnsA N
4. UAAIAUATNAINUV U ( identify all mass and energy input)
¥ .
WOUUIAUAZHAINUY TN IMUATTINAABNIZUIUMS Tt Ianaznasny
n’: 2 a 9 ar " o v : o a ﬂ 9/ 4
Manuaswdaiamems madae  esnveamdianury e Mmasssund Wudu @
Jeyavennaunzndsnus e qezdealinnugndes
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5. MMUAYTIUYBIANASHAINUYUTINIMUA (quantify all mass and energy input)



¥ ¥
ATHIUUIANAZNAINUNIMUATUNTZUINMST  TAsMUIUNAINUVBAAIZINT DI
v ¥
Homswan  laoAanazduasy  1¥u As9INNANIMS avedlon  fisnmems lvaves
a  w o 3/ & ' o 1 L] = @ 1 e
wansuNnudy FutlurulsulavesnsHaarpa sy nlansuaeda Tue
6. UARIIDUATNAINUVIOON (identify all mass and energy output)
o A s -3 9 [] o’
WUUNAINULAZNIADBNYDITS UV IWIanoanavu 1dvinszuy  wu levh
a [ o o ad 1 ad q' J = ow 'd
M350 MINUNAINUNETURIATNNTY QuUYTININUTUVBINTAS U
7. fmualSuuNIaUAZNA1IU0BN (quantify all mass and energy output)
» t 4
TunpUFAOHNAIINIZgNAMINALAANIINS TnaveInaniuaLa ¥IiAYea
N3 uANSou
nyJ = d  ar El’c a 9 o ar
Tuduasumsimsiwindssmiisuiiunzdovhauaauin  uazaugandanu

(ounall) voeszuy
2.1.1 @uqan)a (mass balance)

msiaugavesalinnudagaensnugumsnilszl  Tasmmzedissinsniy
a a  w o = a J o
AUHAKAR ( yield ) voandanmaidiofimsi/aounlasla . Mavulunszuums  $uiludes
- a J '
wiauRaueILIaninaTuintd
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aunavesInansouaalluglvesaunismanaamaninsae i

in out accumulation - Mgmcraﬁorn o Mconsumpt.iﬂn ( 2'1 )
3 maphmﬁ’fnmnwmmsxuu

= YIN0NNVDUIVAUDITIS VU

= wrnanazaumuluveuvaveIszy

accumulation

ia 4
= maﬁmmumu"lmlBuwmms:uu

generation

< =2 2 E 2

= yaanldllneluveuwavesszuy

consumption

é r- i =Y J
gt lutims lgmsemnauiaty  aumssznatniiuy

M -M_=M

in out accumulation (22 )

d’ 1 = ted “a :;
HINIINU ﬂ"ll'ﬂ‘uﬁ.ﬂ']’lzﬂﬂﬂ (steady-state) nz'lmjmiazanmmmmﬂmumu‘luﬂauwn

¥ ar sz
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M =M (23)

2.1.2 aNRANAINU (energy balance)

wasnueweylanaeg) 1wy wasnuanwdou wasmear wisnudnd msld
ﬂuanwﬁ'aqm"lums111fi1¢’fmlmmzﬁ'nymzf]mmmmnnuﬂsgﬂﬁﬁui‘luﬁﬁuu TUAANAY
wsevq szvvlag ﬁﬁugwmnﬂgi’fﬂi’i 1 vounes ulawiind (nguesmseysmindanuy
Tifimsgymousansanougi18) wdsemuFna @) nisaummden evangul i
miwiReau1d mstmuaveualasseuvesszuuiemaunandanuiitunoundiosy
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MsmuInTNaNIA laslinug uaAsil

inpm output ¥ accumulation (24)

e Eppw = NoWWNdwesssuy
E s = NARIUNIBONVOITZUY
E smain = NOOOWUNAzAUMOTUIZIY
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dzuuegluanizasnnanuiasaumoluszsovssiisnflugud Hluannei

s

asfimeumsazavziaasagluglvesoyiuidethaumsdedundesdesiusnimey
wasyamonindnunlasmelussuy ﬂ?mmmm%’auﬁ'uﬂmiugﬂwuﬁaﬂﬁﬁfugmm
mnnmﬁm’funmﬁ1muﬁn’ﬂmnqmnqﬁﬁ1aﬁq

flowieg Mdodestumdsem Taomwendseluglanuiou (Thermal energy)
Aol

(1) anuiound (latent heat,Q)

anwdounds mneds  Yhinaanwdeuiwounilfiliusaisniig (mieaseen

VINA3) uﬁ’;ﬁﬂﬁ'ﬁmfusﬂ?;uuuﬂammu:mu’lw’fqmngﬁmﬁ FIEmnsammanuiou

udvsawams 1ldnnaumsn 2.5

Q = mL (2.5)

=
3
8

I

13099313 (kg)

£
Il

anwudoundlunmsalasuaoiuzvesms (kkg)



(2) ANUFBUTNAD (sensible heat, Q)
9 @ =) = 9 o A& A o L 4 = =
ANuTBUdNRE et Snaniwdeusnouniaihldmaniley Squugd
" ¥ ] ¥
wasunaslashivhldaozvesmsiunfounlas mu msguih e sannsamam

anusauduiauesams lannaunsn 2.6

Q, = mCp (T,-T) (2.6)

=
o
8

I

1890915 (kg)
Cp = anwiousumizeams (kg K)
T, = QuUQiAuYstiveIas (K)

T, = 9uNNdNds (K)

3) maNuTauI UMY (specific heat, Cp)
1 o = = b g o ¥ & ] -
amanuiousume mnods  USnannwdeuvesmshlduaanitamioed
1 =3 A ¥ o ISl { 1
msnlaounlasgungiiliniisean s ieuiumzeziinn/dounlasliaunives
gungil  TavsziimanfAounlaannlunia vesmaduazvesudwd vy veudwazves
wmarduIngjeelimanuiousumeroudnsiinaeadrsvesgunai

manudeuiuwizyesaamsmusant ldvnaunisn 2.7

SHEQL / .7
mAT
e Cp = anudouiume (kikg °C)
Q - amudouiisunienmoenn (k)
m = w7 (kg)
AT = eunpiifinldoull (o)
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2.1.3 eunaill (enthalpy)

- i'] [ o a J 9 o P A4 o
wwinl (H) Wundsouiineiumuldnnuduni (q) Frnenamdsaunely
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¥ v l »
nansninameldanrzideiy e ldwdinusiaeseglugloums 2.8) uaz (2.9) am

2191

AH (2.8)

=
Il

a, = AE 2.9)
s u,: = o o da - o ) A
‘HﬁN1Uﬂ3ﬂE)QiJﬂ']'IllﬁllwuﬁﬂUH'liJHMLI’iIEl\'ILBU'ﬂ'MJ fD
H = E+PRV (2.10)

o A o A J ar -4
muwaﬂzi‘luﬂ«ﬁmwm E, P uaz v ‘INFINﬁlﬂﬂﬂﬂf?‘ﬂﬂﬂﬂﬁﬁﬂ?ﬂzﬂﬂﬁ AH ﬁ‘lu

Handuvesanzdan diessiniimsalfouganzaums 2.10) sxnlaounihy
A = Ae+Aev) 2.11)
& AH fiandluuan szuvssganimdoudihl wedh Al Sauduou nneanuh
STUUITAWANY S BUBBNN
nntnwvesnnudeusumz  a yalag mud@uneiidsmusnlfesishdums

alasunlasanuieusemsnlasundasgunglidoudiuaunsidie

Cp = dq (2.12)

< i o - -
ManamsnulRinanieuin v 1 Tvavesmsiigungiiiuiunn 1, iy

T, mnsasmualdnnnssasvaauns (2.12) udwunnsase Tldnadnsiiy

T2
q = jcpdr (2.13)
Tl



Psnunnudou (g diefimsnfdsumnlavesiaguialaq m) Alansu  szifull

¥
AUAUNITAIY

q = mCpAT (2.14)
/o m = WIAVPIAS (kg/h)

d' U o = Y q' LY ;:; = c‘.
INNNATIN ﬂ'lll'l'iﬂﬂ"IH'Jil!“].h'll1mﬂ11ﬂ5ﬂuﬂﬂ'ﬂﬂﬂuﬂ\‘lﬂ ua:ﬂsmﬂsmﬂu
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I
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mCpAT (2.15)
mCvAT (2.16)

=
I
>
m
[

Tasmsaamusiatlszidenaauz S ussdmitnsiszneuvanuaiiduazoonain
ssv suRemsnlFounlasvessueuiatlvesoeriszneunnao e I ne
Tegiiu Taonnrsangilvesauewiailauysaivesszuugungiidiess (T,) dmsugumgiidn
seluaniisoiine 25 °c

aumsaugaeuiall Ao

o

wwialntlowddszuy

puYaliNesnsnNIzuy + wualgynie

enthalpy input = enthalpy output + loss

v
Usz@NnENIN (efficiency) vousunatilsziivldnindrsinannuae lud

WSwaueuviatlnldiss o) x 100

Fuaeunailntloudn)

Us2ansnmn (%)

= enthalpy output x 100
z enthalpy input
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4
ANDUNAVUDAUYOINAY = m x LHV

o LHV = Low Heating Value (kJ/kg)

m = USuausemas (kg/h)

wasnngade lddumisginsel Q) mldningas (Te38Tnz mazyse. 2527)
Q = UAAT @.17)

aunNl (K)

a ¥

»
-~

T =

e ¢ 2
A = Wunveginsal (m)
=

¢ 1 ) o -
szxﬁmmsmmumm?ﬂunu (overall heat transfer coefficient)(Wm 2]( I)

gusammaulssansnmsdeiuanuiou U) 1d0n Gnsaummzmsianudou)

Al =) / 5. (2.18)
L J{ (3O
e x = ANUNUIYEIIAG (m)
k = A1M3111A2158UYBTAQ (thermal conductivity) (W/mK)

=Y

o Y 1 o o nv =& ﬂ ] [ 3/ = Y
dmfuauewiiatlves lethyuiluunasvemdsnunnuieunioy 1§ lugamin-

¥
N33N 11399 1ANINAMIS 1NN AR 19111DNA2 (91NN 1ANLIN 2.3)

a 3 ¢
2.2 MINNTITHIONFDIE (exergy analysis)
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2.2.1 manjasunlasenIngd (entropy change : As)

wulnsil (8) dunamesuentiensvesmsilaoundaslunssummsuvusieg
-~ = = :=' Y ' -& = @ = ar L = =1
wionnudslsnanvenlvmaunlussuuniieg wimsdassedivesmseoalissiien
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(2.17)
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~

dielimsnaeuanizen 1 Tihily 2 moldgampiingh aums (2.17) wwnlaoun
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(2.18)
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2.2.2 manlasnlaudmaeit (exergy change : Ag)

P d det A o a4 - Yo a
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A€ = AH-T,As (2.19)
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-l exergy input = 2, exergy output + %, exergy stored + irreversibility
s a':t 9 = o -::lvl = i v L ‘-'; . g s
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a a o 1 a
UszanSnn (%) = DnesoniFanldese x 100
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The Pinch
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31 : Documents of Advanced International Training Programme (1999)
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Technology in Industry)

o ¥y & W v
® MNNANUIPUNINAVINIY (Heat recovery)

° b = e a 9y o an . . <

mannuIeumasianauinlylsz loni 1ol Heat integration Fuilumssaumn
Ha - v ¥ a a o g ' A “
mwhiimsuanlasunimien  Taolémaiianug ungawlumsideniugmuienan
a & o a - 9 P ar 9 EY v oA

nRsunnudoudsduuaziu e linsuann/asundsaunnuioudumiiqa

¥ v [}
lunszpaunswdaveslssnuuraiiiinszuavesInafigungiiganideanisezan
& 4 o £ : @
gungiinunzszieanuiousen Fusunaoiiin modou (Hot stream) 1Wolinis19mas

] »

auiluldedsquamdinunnuounseisldenaneeh iy dauZoundnszuaves

da oo 4 g ya a 4 a4 o o A o
Inanfigungiin  ielWligungiqeiiu Sunmoiin muidy (Cold stream) iverir 1/ 14y
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[} 3/ ¥ o ' a ar [] ¥
nszIWMsARg 18 Simssuguannldoundesnuanudoubivnzay  Tumoedoueivdes
a oW a;w ‘: ¥ = o d k4 = [
Indsnunidesisganzinadovnnnuanusuiiy  ueslumeoduersdesdandanunny

VA P @ w ' a J 3 a 4
founnunasdu  Fezdesldwdanundan wy Idh A miudue W dgaumgiqanen
wih 1y 4o

a o a . A v oy oy o :
WuBnAIulad (Pinch Technology) 13uAuAUA MAZNAUNTAY Process Integration
1 @ o 4 =) = LY 4
Group NamiuImnmaasuazmalulad UMIINSVULUYAABS (University Manchester
institute of Science and Technology) Uszmadangy IAuM1VBNTAII95E Linnhoff
¥ ¥ v
TahimaTuTadmithlwouns  Tasdlamseusuises  “msvenuunlnssvivnisuan
v v L4
nasunamdeow” Alssamgdioumlug  Wuafusaludl 1982 wazlémanonlszgnald

o a o o v 1 1 (9
mAtaRugiyInssminginananiuesnll o Tasams  Tasaseunquaszuiums

MO LHUY HAZHAWIUUIA AsuaaIna TUA1319N 2.3

maaf 2.3 wavesnsuszgnd 19mudma Tu Tad TuTssaugidiounslud

NTSUIUMS fnwar | Amdenuiionas AINIIAINU 3ZOTMAUYY
Tassnis | Gumdetlyess | fosdud@mam) | (1ADW)
Petro-chemical Aatlas* 27.30 13.00 6
Special chemical Anaulag 3.61 1.48 5
Special chemical Anuilag 2.13 0.16 1
Licensing package Tvai== 33.80 Usznin =
Petro-chemical Anaulas 16.38 ' ligaiou ?
Organic Bulk Chemical Aauas 26.00 15.60 7
Organic Bulk Chemical Anautlas 32.32 47.71 18
Special chemical LTI 14.28 5.20 4
Organic Bulk Chemical Anualas 52.00 20.80 5

*  nnnsaanlaanssuIuns ey
=+ JsanunesnuuyIny
=+ 1 HYUNN 1 ADAMSINIAY 26 1IN
n:‘ ad a o
w1 d4 510 (2541)
[ w’ = o =1 1 o a v
aaiunugma TuTaoautuma luTad Inun 185 umsvensun 191 dnadunlunis
i 1] ¥
apnuU Inssonsoaanldoun2uion (Heat Exchange Network Design) Madmsulsa
- Hda 1 a ] ar ¥ v Yetm 2 & 2
awnssaduuazveslssnuniiogiy el udans ldwdenuang Idagein  dail

o 4 g w = at
awsotuiuldnnIasamsidszauanudusaivdeolullsemaensm  sawngy  uazuna
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e
o

Usemaluglsiazuan Insamamatinsevaquiligaamassunasanl  vianil

ATTUIUNIHAALLUADIIDY (continuous process) UASLUUNE (Batch process)

2.4.1 MIANNUAZMINATIZHVBIRUY InATuTad

mﬂﬁﬂﬁmﬁﬂumﬂTuTaﬁﬁﬁ'mmmmﬂﬁﬁﬂmsi':ujmvmmﬂﬁu'lﬂm
iind Taverdudszgnangded 1 uazngdodi 2 veumesTulamiing Tasiiesandeauga
anudounazaa  mssenuuuminlfians lunszuaums nuf":smmm‘l%ﬂ%"uﬂn
sTuundanuveslseaum Lﬁﬂ"lﬁ?rymﬂﬁaafiﬂ‘fﬁhumﬁmgﬁﬁﬁmm%’au (Hot utility)

aa < —_ i
HAZYNAAAIUIBY (Cold utility) Youfiqa

]
a0

HaANgungInNAieengavesmsuaniiouanuoussninmedou
] ¥
wozanedy  Sead At diedmus AT, 18 dusoudeliimsnuthvesdnu
¥
(Energy target) 1a0n135a319m15191yn1 (Problem table) 38nisardrsumisesnilu 4 Juasu

-
o

(1) Mm3U3ugungii (Adjusted temperature)
A4 o y VY o o = 14 = =
e mua AT udalivhmsdsuganglvesmeiounazmubBuauaunsy

(2.22) uag (2.23) MuaPy

Hotstream T, = T, - AT_/2 (2.22)
Coldstream T, = T, +AT. 12 (2.23)
1) T, Ao gamguiimsdiuudn

2) ﬂ]‘i!ﬂ%ﬂﬂf’“ﬁl&@@ﬂmgﬁ (Interval preparation)
wemsdivguugiiudnhguugdlminlduudowiiulaesunsy  Taoi
gungiinyasudutazyaganisvesmedousaz oG ssswiumuszdugungion

4 s . -
vosTldvnnn Fmnvesgarsuanstsgungiisudu uazignasuaasgungiithwng
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(3) mahangandsnvluuAazy9gumgil (Interval balance)
E »
Tuduaeuiiiiumsnimamaeunailvesmeiouuazmuidulundnzsregangi
A @ ﬂ’ = Aﬂ- s
Fawadnin lananeds USuunimdouiinde (Heat surplus) M3091@ (Heat deficit) Maa

[ ¥
vamsuanasuiuluudazysgunglindramnsadoudiuaums 18a

Q = (X(mCp,) X(mCp, ) (T,~T.,) (2.24)
e i = SAUNVeIEIgUNYI

d.d " a = = L) - :
= nimAray mnsdalTinannudeuvialugeganginu

Q
Q = WiiAIn munedFinaniudeuiuluiigungiiy

(4) M3 Heat cascading

d A o

371 Heat cascading 920 1fungef 2 veames u'laniing Aendsaunionny
%’aufnzmmsnfiwmmﬂu?nmﬁﬁqm11Qﬁqq'lilﬁm?nmﬁﬁqmnqﬁﬁ:ma’ﬁuﬁuﬁﬁmmﬁm
fuiveuuoznduiialila ﬂ"u'i"uﬂ?mmﬂ'Jm?ﬂwmahqqmnQﬂﬁqaﬁqaﬁﬂzmmmdwm
WfuY9vesgaingiisenan wadnsn idezih lumumIdaaedaly
WARINASIY Heat cascading A4 1 wwinlinudennudesmsmgavea)Snanim
$ounNUNAINIUBN  (minimum heating requirement)  FanABIIMIUANUIOURTIMAAAY
wnfiga AT Heat cascading ﬁﬂﬂ%’ewﬂﬂﬂumﬁLﬁuﬂ?mmmm%'auéimﬁmmmfie
AWUBN (minimum heating requirement) HA 112018 M990 Heat cascading afsfimeany
MlAns weuNIANT (Pinch temperature) Fefifio gumgimgavesslegungiiniiu
anufounidu - 0 kw _ uazmanudeanisiigavestSinanudusinuraanouen
ASZUIUNIS (minimum cooling requirement) %aﬁ'n{g'lé'mnﬂ?mmﬂ11us"au11mahaqmnqﬁ
diga

.
AIIUINMINIAT9TlyM (Problem table) 1 l¥nsudeUTunuanuiounay

4 o -y 3 A Qa = aandg 9 e
ANMUVWHATTANADINITNINLHAINIOUDA  HINAD ﬂﬁnmgnﬁﬁmm‘iﬂu (Hot utility) oz

aa d s ° a ¥ o o a 9 =
unaan Y (Cold utility) mqamz‘lwmmunszmummamﬂauummsﬂu NIV

¥

(-4 ]

Aumia (Qungil) MAAWLF (pinch) o813 15AA 1N 15792 14 Hot utility ung Cold utility Aga

e

avsaglundninaaini
() Y 9 = o
" lugemanudeuduganug
v . a d
" 114 Hot utility IAgadiug

" Lild Cold wiility milogafiug
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¢ misesnuunlnssmaeman)asunnuieu
(Heat exchanger network design)
a { o a 3 aa " . ' o °
HAINAIIMIAATIZHNIQUINYTRUS M1 Hot utility uaz A1 Cold utility Mga
M - 1 - o ' A a ¥ Ve
ud? Juseuas lAswow i msesnuuy assemsowanidouanudey laoldnms
o = P ° A aa @ 1 - a
MwdamhnSaanildsnnald  giimadensugamolumsuannlounudous
¥
Adil
¥ o F: aa W a ¥
1. andumoiuiazmeiou  wisunwuansgunglisuduunzguuniigaie
(aZA1 Heat capacity flow rate (mCp)
a " Aa Y ] N o C4 :
2. Wnsaneenuuuuenilu 2 duffiug  18ud  davumileRud ( Above pinch)
uazlanuy (Below pinch)
- Y 1 ayY o oa Y 1 L - |
3. wendugmelasiidedidavesmitug 2 dede
(] = o
daumileyaiusd 19ipaaine mCphot < mCpeold

14 a

dmldgaiiug  1dinaaifie mCphot = mCpcold

Q
¥ ¥
s

vidifmsae  elinsuanGounawdeudhllmudoulvin  wasaves
gungilvesgawiinunnnimisnihny At
qnel 1deadszan 2532) T8AnuumamensysendandanuanudeuluTsen
wamermanszdos gUnseindnlunssuuntswanveslsamumasiilsznoudas wilelerh
INAY MleguIATaIY wosniiooushide VNN INT I HAILUR NG T ! uazng
dofi 2 voumes Tulmuiing wu'imﬁa'lafﬁﬂszt‘fwﬁmwmnﬂg'ﬂaﬁ 1 17D 66.23 % s
AnEnmaungdoti 2 iy 18,70 % wasauit hiansedoundu & Grreversibility) 70.28 %
snﬁ'nfﬁ'aamdmflﬂﬂszﬁﬂﬁnmmnngﬁaﬁ 1 uazngdoil 2 ity 85.47% uay 44.85% A
#1910 waawi iowsofeunduld 4512 % sndudesasdudaiiseansnmangdod
1 uazngdeR 2 0i1AY 16.34% uaz 15.16% aud sy wasomilansofounduld 9.19 %
nieguensazarviiszAnsnmaungden 1 wazngdon 2 iy 71.32% waz 23.16% Ay
ddn wasnui hiounsedeunduld 63.05 % 11ﬁaaminf;aﬁﬂs:ﬁﬂﬁmwmung%ﬁ 1
wazngdof 2 iy 70.68% uaz 42.73% amddy wasui liawsedounduld 3821 %
Lﬁaﬁmnﬂ%’nﬂqaﬂizﬁnimw‘lumsﬁmwmuﬁn:qﬂnsa‘f wuiileanemadfuves
wifeloriumde 50% vmiAy 263% nldmunlsz@niamamngdent 1 W 72.50% wazng
Foii 2 1l 2047% aunsoUssnEAAuIg 194 keiday Aadsuriiuuisenialdias
24483 v lusnduidlenansquidondsandainnnlethsemo  Taol9imu Stainless
aseuAINYBI NAUYEAITUNMIAY  uazfuRuaniimaseduietlesiummdeugy

" 9 .
@onry  wunawsodszndalen1d 4 kgbatch  Anfsumuilutuiysendald 24,590
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=] EY ' ﬂ' = o é - : '
vmanll  lumleguasazmuiioaamsgydondinuduianaleiszme  Taoldusy
Stainless  ATOUMUVUVBTATMUUVRILINSGU  uasHuRwIuRARIvesglnsal  wuh
¥ "
awsndszndalold 86 kgbatch  AamsumiduGuiUszniald 2341 vneed
o o ¥ ' Af A't o 9 A ar 9 o aAn o "
dmiunlesvsinyeiieiimsquauiuieilesiuniudeugaudoifiginsel  wuh
annsodsznda’lonr]d 14 kgbatch Anoumuutunlszniald 4,573 umasil  uen
td ¥
MnHRITed lAisuumenmssendandsnu Tasmahnnuouniandnn1élaeis Heat
. e ¥ ¥ ' Aa A A
Integration ¥9141% Pinch technology 19M31¥weenuuLA3 oY I8MsITon TusvounIoauan
] ¥
aldounudou wunawsolszndalenin]d 1,181 kgday wazannsadszndaiu’ld 171
keg/day Amfoumuiuduinsendalénanun 85,855 umaell uasiissozunu 33
o L) [ =
Forciniti et al. (1985) 1dviaugadidniwe 383 uAU pinch technology 1AIATITHAS
Indsanlulssnundauzidomadudu  onuuamalumsthanuiouiinduinld
o a ] a - ¥ &
Yszlowilunszinumsnda  Flunszurunswdausidemmindulsenovdronaviu
d' 9 £ s n. - é [] ar - o
apunasIns lgndsaunImion  Sunnuziemeiiunsiadenuasdninnuazen
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udrezgnathuazdanuion wevaliawisausnnldenuaziidasenldie  nmiuse
o v d o =] - - P : [l
e Iisunasinmsuenewuaaiasidiensen  uziemen 1dssgnszmoeninediu
1 ¥ d' v ; = n’l =2 g = & ar
pRNUAZHIUMS IHANNBuMBsNFedna T wd W uhmsangungiiag ietloaiums
¥ b ¥
qudsdnuuzn NNy sa  uasleduRaunzemmtuYuIiesnnms 1dTuanudou
a 4 a 3 a o ' a '
wnnull dleRnsumnduasuniswansziiiuldnmonisnaamusoutseenidy 2
~ o = a o = = " o v n’:
Uszian fie 1) awnAssmsuguugivesiagau Soni modu 1wy sussumslianu
" -~ a1 =l d'q (] Y - (=1 ¥ A
Sounnuzomanmiumsathuiesidannsousnnlfeonuosdasenldse 2) dwen
dBsnsangungiivesiagdy Fund mefeu 1wu Fuasumsangungiivesvzidomeady
9/ o ' Ay ﬂ 3/ 4 = =] 1 = Y w "o A&
Jundamssinge Wudn  SelavUnamuoituszdesiins ldndanuanuiounnunassuiia
" ' ¥ ¥
anudoulavnse Memugungivesiagay nozmeiounssiannuiounuioangungil
v a 4 . o H o 2
vostagavas Fuilumsggulavewdanu mazasniudnhanuieuninnmedeuniy
as a ' d ° ' o [ " e a 4
wasudumiuethumnzauiwi iansaswaalSmandsnunnumastuiiandes
a q e 4 Yy L a aa 4, ; ) o s d o Y
wnidfumeuld ¥u5oni5n1siian heat integration Muhaugadidnwests WM le
a ¢ e o v ar =y o
pinch technology 1NMsIHwaIL  sehlvmin1dnaseedaszuuldimsuannlaoy
vennuioussniimemsnanla Sevzyaslumsisendandsalunszuiumsndn 3o

' y o 4 [ 4
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3K 308 K

®
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353K
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w ®

351 K

A 4

S
O—-®

0K 0 rese 306 K
—2-0 ©

aa K 4 2,006.8 5792 151.8 o T
- 353K 11,1002 @ B K @

6152

4 ] i o 1 U Vo
s 2.11 ueraundeviomsien lusvesglnssiuannldounnudou lasldm AT iy
2 o ' { 5 4 oA
25 K degimmasuvanedaniaoidesns idindu  sunamdsumanetaniaei
£y ¥ ¥ | ' Y ]
agan1slganusouninmeuen  JUnavduseussninmsiounazituiaams
@ 1A P ¥
Jugiouanfsunnuiou

#1311 : Forciniti et al. (1985)

= o ' o g Y] o o

NAHAMITIRTIINLT - mmbhanedounsndumlFlums ldwdsnudumenms
- : Ql _ , 3 o d‘ 1 = 1 ‘é =
waANdABIMINLgNgll 19U Funeunisi WuzemeaiikiumsAduasiigungil 298 K

3 = : ' =] 9 & =
iouusuligungii 353 K wieveliusnldenuazindaeen1die FalaoinAsdeald
¥ :d b
nawaNuiouINMeUBNdY 2,904 kW dmsudunouil uazdunoumsilvuzidemed
" < a a o = o Ve = 3
thuduaandaningainugungiisuds 353 K lasvzililigungliasaaily 308 K ludy
¥ ' o =y 4 A ar

asutiszAsscmmanuiowsen s 2,376 kw SaehIildgangiindesns dediald
=t = F [ = 3 q’ = : o = 9
imsuannldsunnuisussniniagaunsassi lasnisanasgunsaluaniasuanuiey

' o A ] o o
ud2 wud eziims lmdsnuanuiouninasusnifios 1,320 kw Faezgolsendandeau
anudouldnag 1,584 kw

Forciniti et al. (1986) lafnwInsldwasaululssnunamiuelidladudude

o = o 3 a

uvuieanuneunaes lasldugvesaugauita cugandsnu uazaugaldnsess

wazaluaumsmudIRunadl
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auaauda
proc uni
S + YW =0 (1
q /
AUAANIY
proc - wutil " . .
Swallg + > wilj + Y 0l +Wu =0 @)
q . J J
=] oley
ﬁnﬂqﬂlﬂﬂlﬁh"ﬂiﬂ
proc . wtif " \ .
S waHBg + wjibj + Wu - T,R, =0 3)
o 1
&
M) w = mass flow rate
H = specific enthalpy
Q = rate of heat exchange
W = rate of work exchange
B = specific exergy
T, = reference temperature
R, = rate of production of entropy
g = process stream
J = utility stream

Tilsunsugnlfifesiansanuduiuisennandanuildegessluilogiu (actual
energy consumption) ﬁ'nmmé’{mmﬁmmwﬁwméhqﬁcﬁqﬁmum'Iﬂts“lﬁ'fmﬂﬁﬂﬁmf
(minimum energy consumption) Tavamlsvoamswan Ao mmué‘mﬁazmu"ﬂﬁﬁuuaﬂfﬂa
an sanmsszmeveniwedladmiunsAsnduvesniunon wasAT,  dmsumsuan
wasunnudou  winufnymun  deaasanmsszmonazituTinauewe s
azao'lanun ﬁamma’fmmﬁwﬁ'\muﬁﬁmms“l%'il?a (actual energy consumption) Wag
mmé’faamwmwﬁume‘%}qﬂ (minimum energy consumption) 9zTAIAAAY  FINFINUAT
qriideams ldazdindmdsnuiildse 20 -30% maadhaeuInstlziuegiufuaes

4 g = o4 o 1
vowdsiazawld TawdioySinavesvewdsiazmeldlisgs  msadueuInsilezanas



37

wasieynmsuilsiu AT, dwmsumsiesiediugidu o, 10, 15, 25, 30 uag 40K wuhi

AT, i1 40 K IANINABINTIveINGInIURIgAnInuMaImouenniiga
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1. ANYINTZTVIUNMIHAAYDI 153911
o ar a Ada 9 ar 9 at A 9
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= [ o da 9/ A 9/ S ¥ a
3. lﬂﬂuﬂﬂﬂ'liﬂljﬁﬂ'ﬁﬂ%ﬂ'u llﬁ:ﬁﬂﬂﬂﬁlﬂﬂl‘lﬂ‘iﬂ 1NUD 2. l“ﬂ1ﬂﬂ51ﬂﬂﬁﬂlﬁ]ﬂ“aﬂ
o o
WIANY
o 4 9 ¥ v o A @
4, mMNINUYBLN Tﬂu'uau_amaﬂizmw'lﬂmnuuﬂn'umwum‘m

5. Anszidoyaimmstaiiy
3.1.3 Yeyammzvesquniaiudazyiianlilerin

y o ) y dy 4 A4 o a s ¥ oo
1. niie1e1i1 (Boiler) doyaidosmanuiverimiinszims ldmasnu  uazilse
Y = oA 9/ : ﬂ - e = 3 éy
wiadszannmeemdelod Wuldawmsed 3.2 Swaaitdeyaidesnansuves
¥y
niie'lo
4 - ; 4
2. 519113 (Exhaust box) M15N 3.3 HARIVOYARIIYDITTI
b d " ¥
3. niedwiunde (Brine heater) @1319N 3.4 nansdoyarquomodminnie

¥ v 4
4. nilloainFe (Retort) @131# 3.5 uaasdoyad1squoantiosinye

a Y ¥ b
A19149N 3.2 ﬂﬂgaﬂﬂ\“ﬂuﬂ'lﬁu’l

510013 Tl A4 WN1INI

Femaudhszuy 4730 (kg/h) 530 Faiin

gangii (°c) 2
maleido (flue gas) | wIn (kg/h) 325x10° | Ao
udhszuy w78 (kg/h) 1371.1 RTRL

gamgii (°C) 30 Sadaomed Iudiwes
YTorieenansei AAU (psig) 90 #IUINNT

7@ (kg/h) 12135 A

gamyil (°c) 166 8mnmes lulines
Tuamninaeanar | u7a (ke/h) 157.6 i
qulnsal qamgii (°C) 42 Fatomes Tuliwes sunusa




a ) A
131N 3.3 VOYAVDITNIN

310013 W Amld ELLRELR
daudhszuy 178 (kg/h) 361 Tuinuelseam
quvgiiinds (°C) 15 Sadumes Tuiiwmes
aeenvinszuy u7a (kg/h) 329 ufinvealssanu
gamgilinde (°C) 79 Fadaomes Tufines
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gamgiinde (°C) 15 Iadaumes luiines
nszilesennainszuy | wa (kgh) 50 fimin
P o o e P o
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] .
Tovhidszuy u3a (kg/h) 30 FINBUAUTA
gamgil (°C) 166 s1uvInnes lulines
ABUIAULA w70 (kg/h) 25 Farimnin
gamalitnds (°c) 100 Fadaomes luiines
gunpiinmisAuen | qamgiings (°c) 353 | dafumed Tudimessunuse
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vesginsal
o Y Yy 3 o -
AN 3.4 VoY VDINUBANUUNTD
590013 M A 19 Enm
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= 0 a 5 o - o
gamgii (°C) 166 Fadaumes ulimes
ABULAUITRA 1730 (kg/h) 143 F¥imn
a 4 .0 o ¥ fs o o
gamgiimae (°C) 120 Jafomes ludimes
ad o ¥ a 4 0 ar is a s
gamgiinmiviuuen | gungiinds (°c) 72.7 Fafomes luliwesounusa

vosgunsal
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v ¥ "
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¥ v
levhidszuu AR (psig) 90 2UNNIAT
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- Wssuy gungiiman°c) 71 TuvinvesTseau
- 8ONINTZUY qungi(°c) 118 Tunnveslssam
ad o a = o as o - o
gunqinmisdmuenyes | qungiimas (°c) 357 afumes lulmesounusa
o
Qunsal

3.2 nszvaumskantammnnaisalniunaeussyniziles

o - ' : o - o o ar
ilmaanriumangiuvigungiidszine 2 °c wdvhnnuazen  insda
ar o o = ; L3 A o v
vamaazainldesn Hohnnuazeednest dnlaiiriumsdansaussylunszilealan
a =] 4 4 ar o o 1
1¥nszilesrtianiounaninas yuia 300 x 407 vimiipussynao 382 niurensedles 91N
s 4 : ) 4 o o o ,
vulmwssynszilesszgnuadilehiniwluseis (Exhaust box) emiaiunsdiusen
nnilm  dhfisenuimndnlanzgaimiia dmaszilesirunisiissggaimuniniunyuas
o’ A 9 o ¥ ] ' b g .; = =
vundeion imistladuasmaihnnuaznansziles | neuhangeranszilealigungi
a o = o o =
wavdszna 71 °c  vhmsssanszdlesluasnfisouauauaanudy  Suaunszileai
o ar ' oar 1 dy 1 z
ussyluazndisadiu 1 au iy 800 nszdles  lumsainFeurazaizl¥azniisodu
3 o ' df o = : = (o] s £ ]
i1 6 Au msuuveluinealasldlethguugil 119 °C anwdu 13 psig  Taon1sai
4’ ¥ a o ' J °y ¥ P ¥ o
10 1 batch 191081 79 Wi ndwnsiugedw loimdrziimsldemennudugeney
o ¥ g 91 Ao 1 : o :
amuguanuaunelundesinyeldaosy aans  lusagiiinsdasoinduiieszineany
fouveanszilovmilanszilesfigungivszum 38 °c mimfuinhinsiloanniliud
1 o 1 [V 9 ar a' - : 4§ =) Y
Tasmsuhaan  unamdsauanudoundnilflunszuiuns e levh Hwdasinniie
loih  Tasunudavesnszuruniswaneziiduoviuansdanavesiagauniounguugil

o - & (=] = ﬂ!'
vosiagAy FeanwaziduavenszuIumskaa lauaa1ilugln 3.



head & viscera 466 kg/h

+

drain water

* * 37 kgh,79° C + 3kgh.30°ch

oil

brine 2.7 kg/h  water for can cleaning 31 °c

*

7 o
fish 827 kg/h Cleaning 361 kgrir Filling 411 k%f:h Esaiist 416 kg/_f decanning 379 kgl;fh Addition oil 514.3 kg;h seaming & < water for can cleaning 25~ C
o o o o o o
2°C andcuting | 15 C 157C box e 72°C | andbrine | 72 C cleaning
A A
! P 135 kg 73° C 5238kgh 71°C
I i
can 50 kg/h | condensate 25 kg/h.100 ° C .
1 Brine holding unit
! COEC £ » . Putting fish caned
I .
: ! in basket
]
| i steam 205.6 kg/batch,119° C
1 ; r——p
5 o I H -]
steam 30 kg/h, 166~ C i i 0401kglbatch.71 o]
1) H H
w-gown CICET S R ) i W i : condensate 327 kg/batch, 118 ° C
------------------ ] . Retont
157.6 kg/h P e & | ! . P >
i ! o Brine ] &
i | _steam 143kg/h, 120°C ! 2040 kg/batch , 118° C
IR ————— [ > heating unit '
1
]
| A ' ‘
| : H Cooling
1 ] 1
! i
I
BaIIEF Uit ! brine 750 kg/h condensate 143 kg/h ' 523.8 kg/batch, 38° C
1 I
Feed water 1371.1 kg : 35°¢C 120° ¢ : ’
I
E : Drying
]
°c E_ steam 5326 kg/batch , 166 °C |
A 4
product

fuel wood 530 kg/h

v ¥ i
3N 3.1 wwummuaastureumskanda luiunfeussynsedes

ey
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- d s a4 I dq 1 3/ o _ "
3.3 MauRNzviRwaluazdNve stvesaIumIe lo1h (Boiler unit)

fuel wood 530 kg/h flue gas 230 °C
»| Boiler unit >

water 1371.1 kg/h,30°C steam 1213.5 kg/hbl66°C

Blow down 157.6 kg/h

" L
71N 3.2 uemsaugaunadaunie lerh

-

g & a 2 = . ¥
wie lothda 9 i wnlSna 530 kgh Whademaslumsenlml  iweldiihdeu

=

¥ ¥ .
nmeduihieumeldnudy 7.2 113 TaolfinfFina 13711 kgh figangli 30 °c
Whilwlerh W1 lunssusumswdmiFua 12135 kgh gaungii 166 °C anmsu 7.2 113

td I
uaziimsyasuirldiniog (blow — down) 80§ 157.6 kg/h AwNudauvesiy 1A
¥ [ ¥

U 15990 kikg UssAnsamyeaniie leviudefadiueunall Iaumny 39.46 % umiile
a g d ot A "o A aa | a a v [ o
firdludMeess IAuMAy 1214 % Fdimlsedniamuandniuun - uazlédduom

2 4 3/ A4 a =
oimanaitosnnmsw Indvousomas (Tasuaas3lumanuin ) uazsiwaziduaves

a a ° o o =
ﬂ'l‘l"]lﬂ‘ﬂz'l‘fluﬁﬁsﬂuﬁﬁ'liﬂ 3.6 ll‘ﬂ'ﬁﬂNﬂﬂ1iﬂ1ﬂ?ﬂllﬂﬂl‘50‘iﬁ1ﬂﬁ1‘i'N'ﬂ BT/



.:; a a @ ey £ uy
319N 3.6 NﬁﬂTi’Jkﬂ‘i?mﬂlﬂﬂﬂﬁﬂﬁ’]u‘ﬂnﬂhlﬂu'l
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enthalpy input kJ/h % enthalpy output ki/h %
1. water 2.863x 10° 0.34 1. steam 3.355 x 10° 39.46
2. fuel wood 8.474 x 10° 99.66 2. blow down 9.669 x 10° 1.14
3. flue gas 6.816 x 10’ 8.01
4. loss 4370 x 10° 51.39
YH 8.503 x 10° 100 YH 8.503 x 10° 100
eff = 3.355x10°x 100
8.503 x 10°
= 39.46 %
- a P o s ) g
A1319N 3.7 Nﬂﬂ'l‘.i’Jlﬂ'i'}gﬁlﬂﬂl‘ﬂﬂivﬁ')uﬂlm‘lﬂu'l
exergy input kJ/h % exergy output kl/h %
1. water 47221 0.00 1. steam 1.077 x 10° 12.14
2. fuel wood 8.871 x 10° 100.00 | 2. blow down 3.104 x10° 0.35
3. flue gas 2.777x10° 3.13
4. loss 2.383x 10° 2.69
5. irreversibility 7.247 x 10° 81.69
Ye 8.871 x 10° 100 e 8.871x 10° 100

eff = 1.077x 10°x 100

8.871 x 10°

= 12.14%
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= 3 s -] " 2
3.4 MIIRITHRUNAIIELISNI¥BITVEITIUM 14 (Exhausting unit)

Exhausting
fish canned 411 kg/h » fish canned 416 kg/}‘
unit
15 °C 79 °C
steam condensate

30 kg/h, 166°C 25 kg/h, 100°C
o . 4
]1]11 33 tlﬁﬂﬁﬂﬂﬂﬁﬂ?ﬁ‘lﬁﬂﬁﬁﬁuﬂﬁuﬂ

Umaas i 361 kegh dunsussgnszilosiiam 945 nsstlevdalus Feesld
das o - P o 1

Uassynssilosiinimin 411 kgh guugil 15 °C  sgqnitsdanloinlSina 30 kgh
gangil 100 °C Tnuwﬁ'amﬂﬁawuhﬂmmsqn’szﬂmﬁffmﬁn 416 kg/h gumnfil 79 °C
dieSaUSnuneumudafivenumuhiifios 25 keh wimiu §nfuigashineumuaaan
asllunsedlosd o 5 kgh Fulofinsmmdanuiuldinimussgnssdesdou 46
kg/h Usznoudau Uai 329 kgh nseilos 50 kg/h shaseenunnndlansausuneuauaaT
anaalunsziloamiiu 37 kgh  UszAninmuesdiumsilufiofadoewtail  Sawiisy
67.68 % uAliloRARILBNTEIH dnunty 27.97%  TaoiiswaziBuadaaaslumsied 3.8

o o -
HAAIHANSATUILD NI B 1UATI1IN 3.9
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. = o 4 0 A =
A1319N 3.8 Namsams1zﬂ'mumﬂmumsm‘lunizmuminan

enthalpy input kl/h % enthalpy output kJ/h %
1. fishcanned | -1.022x 10" | -14.05 | 1. fish canned 5.861x 10 80.61
- fish 9.999x10° | -13.75 - fish 4.921 x 10° 67.68
- can 217.5 -0.29 - can 1.174 x 10° 1.61
2. steam 8.293x 10" | 114.05 - drain water 8.227x 10’ 11.32
2. condensate 1.048 x 10° 14.42
3. loss 3.620x 10’ 4.98
- wall 1.427 x 10° 1.96
- other 2.193x 10° 3.02
>H 7271x10' | 100 | XH 7.271 x 10° 100

eff = 4.921 x10*
7.271 x10*

= 67.68 %

x 100
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ﬂ‘ P o d ot 1 & =
AN 3.9 Nﬁfﬂi'Jlﬂ'i121‘[lﬂﬂl‘!iﬂiU'ﬁ"]'ﬂﬂ'li'll‘ﬂﬂﬂﬁ?l]')ﬂﬂ'ﬁﬂﬁﬂ

exergy input ki/h % exergy output ki/h %

1. fish canned 354.5 130 | 1. fish canned 8.987x10° | 3331
- fish 347.0 {59 - fish 7546x10° | 27.97

- can 7.5 0.03 - can 180 0.67

2. steam 2.663x 10' | 98.70 - drain water 1261x10° | 4.67
2. condensate 2.106 x 10° 7.80

3. loss 47.65 0.18

4. irreversibility 1.584x 10' | 58.71

¥e 2.698 x 10 100 | X¢g 2.698 x 10° 100

eff = 7.546 x10°
2.698 x10*

= 2797%
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a d W =y < dey T Y Y o ~ . R
35 m*nm'nz'ﬁmunaﬂuazmnwaswammﬁuaﬂummt\a (Brine heating

unit)

brine 750 kg/h Brine heaﬁng brine 750 kg/h
—_—

o . o .
35°C unit 91 °C

R

steam 143 kg/h condensate 143 kg/h

166 °C 120 °C
- : y oy oo 4
71N 3.4 uansaugaNIAYEIAIUNIBANIINGD

o’ é 1 o’ oA
vunfodalidunauyes indouns 2.4 % Wn1ansI 0.12 % nNIATAIN 0.09 %
o 3 o aw A
uazii 97.30 % szgadulundeduiunde  wiledminndolianvazilunidoneeiu g

L d ] »
uen (Jacket) weil loviiludauaiomanuiouliudasasawieglunieodulurmumiues
¥ ] L d ]

wiie Swaloimldsmay 143 kgh figuugil 120 °c viundenldsziigumgii 91 °c
J a0 o o = d  a ] :
FafAnNuiauIumzINIny  4.1058 kikg®C  ninmsansigrnasa ludiueamsdui
- A a a Y ) o L " o =
nde wunisea@ninimmidy 47.68%  udlilefadanwess linmify 28.77% lael

swazidoaaaadliun1313N 3.10 LAAIHANIAUIAUDNEFD ST 1UAI5199 3.11



' ¥
A13137 3.10 wan1s AR IEMBuNatdundeduiundelunszuiumsnaa
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enthalpy input ki/h % enthalpy output kJ/h %
1. brine 3079x10* | 7.22 | 1. brine 2.032x10° 47.68
2. steam 3953x10° | 92.78 | 2. condensate 7.203x 10" 16.90
3. loss 1.509x 10° 35.42
- wall 6.748 x 10" 15.84
- other 8.342x 10 19.58

ZH 4261x10° | 100 | XH 4261x10° 100

eff = (2.032x10°%) x 100
(4.261x 10°)
= 47.68 %

- a s d ot ¥ ¥ o A a
A1 19N 3.11 Nﬁﬂﬁ')tﬂ‘i12‘;1’!&8&‘\!‘507!1?1’)11‘Hllf]ﬂllu’llﬂﬂﬂi‘uﬂizll’)‘llﬂ'liﬁf‘lﬂ

exergy input ki/h % exergy output ki/h %
1. brine 999.19 0.78 | 1. brine 3.683x10" 28.77
2. steam 1.269%x10° | 19922 | 2. condensate 1.740x 10° 13.59
3. loss 1.592 x 10* 12.44
4. irreversibility | 5.785x 10° 45.20

Ye 1.280% 10° 100 |Xg 1.280% 10° 100

eff = (3.683x10") x 100
(1.280x 10°)

= 28.77 %
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- d Qs =4 o et U VoA
3.6 mﬂmﬂzmaumﬂumznaﬂwasummmumimma (Retort unit)

steam 205.6 kg/batch, 119 °C

fish canned 2040 kg/batch,71°C fish canned 2040 kg/batch,118°C
>
Retort it
steam 532.6 kgbatch, 166 °C |  orm "™ | condensate 327 kg/batch, 119 °C
. >

" »
1 3.5 uamsaugauavesdIUMssNYe

¥
L] o el é L
Tudutidanszdlesdmam 2040 kgbatch gamgil 71 °C  dslimanuiou
e T o 0 ' 4’ : = (o] ci o
fumiziniiy 2.835 kikg °C szgnaindedonnuieunnlomiguugd 119 °C Hanwudu
¥ »
13 Psig Uswnatlovinldiiiny 532.6 kegbatch  Taomsainie 1 batch 1¥anszuna 79
¥ v
Wi ndwndnngd lumidsnmssiuye  wunilsedninmundy 3094 % wazmnld
= Y o dda 9 = [ - - o
NNNIANTIZAAWIDNFDTONATINANGINU AD 2517 % TAULAAITIVAZIDIAYDINGINU

o - o d i ¥ o a
.Hﬂ\'!ﬁ'ISNYI 3.12 llﬁ:‘lm’ﬂwiﬂ'liﬂ'lu‘lﬂllf]ﬂl‘ﬁﬂﬂlll'gﬂ\!ﬁﬁ'liﬂ 3.13
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] Ed
M1 3.12 KansansEieuatldumsaudelunszuiumsnan

enthalpy input kl/batch % enthalpy output kl/batch %
1. fishcanned | 2.660x 10° | 15.30 | 1. fish canned 5378x10° 30.94
2. steam 1472x 10° | 84.70 | 2. steam 5.561 x 10’ 31.99
3. condensate 1.633x10° 9.40
4. loss 4810x10° 27.67

- wall 7.276 x 10’ 0.42
- other 4.737x 10° 27.25

>H 1.738 x 10° | 100 2H 1.738x10° 100

eff = (5378 x 10°) x 100
(1.738 x 10 %)
= 30.94 %

M3190 3.13 WM AATZTIONEes daumsawe lunszuIuMIHAR

exergy input kJ/batch % exergy output kl/batch %
1. fishcanned | 3.560x10" | 7.01 | 1. fish canned 1.279x10° 25.17
2. steam 4.726 x 10° [ 92.99 | 2. steam 1.333x10° 26.23
3. condensate 3914x 10 f 7.70

4. Joss 252.07 0.05
5. irreversibility 2076x 10° 40.85

P 5.082x10° | 100 | Xg 5.082x 10° 100

eff = (1.279x10°) x 100
(5.082x 10°)

= 2517 %
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50

percent(%)

AR

1st law efficiency
2nd law efficiency

> . cpse
irreversibility

95995
2 755%%
%%
9959
L
7%
LA
Boiler Exhaust box Brine heating unit Retort

i 3.6 wemsdszdninmawngded 1, 2 uazamdsaui liennsodundudvesgunsalmeg

¢S
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4 & @ d d
vngl 3.6 Fwamdalsz@ninmaungden 1 wazngded 2 veanes lulawn
a o "o y o A Y o 24 Y ¥ o & 3/
ind uazAamasaud lumunsedunduldves wlieleth swills wiledmiunde uazwile
' g " A =S a a 9 a o a o &
Ao Taonsuniah 1 uamsdslsednsnmeungded 1 veames lulauiling  Fwaaq
falszaniamluFalsiavemdau touall) nswunan 2 narsdalszdnsnimau
9 P o =Y s & - a o a s =1 oy
ngdeh 2 veumes lulawding FweaasdalszaninmluBmunimusandsaiu (Onwesd)
Tavdnlse@ninmamngdef 1 uazngden 2 vesgunsallatimindifvsmniuduansi
b4 »
gunseliudimsldndsnuedilidsedninm  uenviniidiannsonsilsedninmves
Vv @ Y ' o an o v WY, P & ' -
ms ldwdsnu ldnnamdsnun liaunsofundu1d Gireversibility) Fauaaslunsivuvian 3
v o ' [ sy o LY o "a
vowdazgUnsel  Tavdrgunsallafinmasanii hisunsofunduldgefuanaiiini 14
o ' ' a a 4 a o d ' VA )
naanuea lilidsedniam Wenvisangiln 3.6 semuldimilesiuie (retort) Titlse
nEamamngden 1 uazngdof 2 Indifveiu Ao 30.94 % uag 25.17 % Taolinwasaun
1 Y ar 1 4 Y o " 3/ ] df = Y o ¥ =1 a a
Timnsofiounduld 37.62 % uaasldimudmiesiugeiinisldndsauoaiilszansnm
¥ v ]
se9a9 Aewledminndellss@ninmatungden 1 uazngdehn 2 1Ay 47.68 % uaz
' @ U Y £~ a - -
28.77 % Awasa i e wisadoundnla 41.38 % - s1ilslidsz@ninmamngdedn 1 uay
aieN 2 fle 67.68 % uaz 27.97 % BAMAIA WannsaAunauldminy 58.19 %
E ] ]
drundelovinziuldmlsz@nsnmaungdef 1 uazngdef 2 1Al 39.46 % uaz12.14%
1A A 1 ar P L] Qs s - - ¥ q
uadieRnsanmwasui iannseunauld  wuhlimgan fio 81.69 % uaaslvinu

' 9 :! = 3 ar 1 v =y a oA
'3']?11]8181“11ﬂ'|51‘]1’ﬂﬂi\"\ﬂﬂﬂ?ﬁiﬁﬂﬂﬂnﬂizﬁﬂﬁﬂ*lw
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uIMamsdserganasanuvealsanuy

o o a 4w @ o des o q ¥ '
namniihmsinszindinudsewiatuazwnaeioudy  mldsmaunly
¥ ¥
1} o = o o1 - = é = ar 1 -1
uanzdunsumInaatiuiilszdniaminndouiivala  Falumsiiasizd Issnudledisl
ﬂiy o [ d. [] Y s ar o ar
waoganasnihimsdivdjunesioIisendandenu  wamelumsdsendandanuyes
¥ ) .
Tsanuiivawszdu  AwAiUINNITRUAFasnYT (Housekeeping) M35Usuilanlasuinlas
d 3 v ¥ ﬁ F g ° %’ Py o ﬂly -2 o
@mies 1wy majusuou Wudy mabanufeuinduinly  aaeasudemsyiuilyalu
s e é U’ d’o - . o { L
szaumsaaaanszinums ssussuiisuiludedldifimunaniaesssauusniinainn

o

s oo 9 LY Y L) = J
amstauenuImalumsdsulgalszansamueims landsnuves Issnudaledeiiaall
d a a o W ° 4 a U 3

4.1 ﬂT‘i'I.I‘izqﬂﬂl’ﬂﬂuﬂﬂuﬁﬂ1ﬂ'ﬁuﬂ1‘iu‘lﬂ'J'Ilﬁﬂu'ﬂﬂﬂﬂ‘lluﬂf
¥
nszuauMIHaaved Issunvsii)szneudsmeiousnou 3 @ tezaodu
$19u 3 0o uaeedegIi 4.1 deyavesmuiig uamidsei 4.1 msidmadiafiugly
¥ » E 4
mahanueuniandun1di Idnnsinnzinmue 3 nsdl Tasdmuald AT, = 10°C

(ﬂ']iﬁ’lu']ﬂlu’dﬂ\ﬂuﬂ'lﬂﬂl\l?ﬂ q)

@131397 4.1 Stream and heat loads in fish canned plant

Mass flow Heat Heat capacity
Stream Stream rate capacity flow rate | .
no. description (kg/h) (k_l/kgoc) (k,l/so(j) (OC)
1.cold boiler water feed. 1371 4.176 1.59 30
2.cold water for brine preparation. 730 4.175 0.85 35
3.cold can cleaning water. 120 4.178 0.14 25
4.hot condensate from exhaust 25 4.211 0.04 100
box.
5.hot condensate from brine 143 4232 0.17 120
heating unit.
6.hot condensate from retort. 248 4.231 0.29 119




fish 827 kgh
2%¢

blow-down

157.6 kg/h

(1) Feed water 1371.1 kg
—_—P>

30°¢c

brine 2.7 kg/h  water for can cleaning 31 ° C

3s°C

steam 5§32.6 kg/batch, 166 °C

120°¢C

Drying

head & viscera 466 kg/h drain water oil
* f‘ + 37 kg/h79° C + 3 kg 30°cl f
| . o
Cleaning 2 k;g'_/‘_r Filling A1 kgi] Exhaust Raf kgi‘ decanning 79 kg_;m Addition oil B148 kgg seaming & > (3) waterlorcantiearing2s = C
o (=] o o -]
and cutting 157 C 15°C box [ 72°¢C and brine (S cleaning
A A
! : 135 kg/h,73° C 5238 kah.71°C
. )
can 50 kg/h ! (4) condensate 25 kg/n,100 ° C +
| Brine holding unit
: l’ """"" R g . Putting fish caned
i i in basket
1 : steam 205.6 kg/batch.113° C
/A | e
steam 30 kg/h, 166 ° C ! ; 2040 kg/batch, 717 C
1 ¥ H
i °
seam  [oooooococsof feet i Rei | ) wondoossieBErkalbach, 1158
_____________ 1 - -
dome : i i » ;
I : o Brine : o
I L_Steam 143 kg/h, 120~ C H 2040 kg/batch , 1187 C
§ = el 000N P heating unit :
i !
| 1 X Cooling
i i !
: 1
no—— i (2) brine 750 kgrh  (S) condensate 143 kg/h i l 2040 kg/batch, 38° C
| |
- |
L ]
! |
! 1
! 1
! 1

fuel wood 530 kg/h

: =1 a :
3 4.1 uamsasdeuuazautulunszuaumskan)a luniundovussynszies

'

product

SS
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b d
o oA

® MINATIZHAWNATIANUS (Pinch analysis) tiiuily 3 nsdi Aadl
A

nIAN 1

o Y = 4 A Sl [ - | [o] =
fmualigungiidhvinsvesmodun 1 nwandsiuioe 45,50,55,60,65°C Tavil

qq’ o - 1 J - ﬂ‘;

gunpiiisudu A 30°C uazdmualdgamgiithnanuvesmodoud 4,56 Fdigungiiisy
AU 100,120 tag 119°C auddu 11 (40,40,40°C) , (45.45,45°C) , (50,50,50°C) |
(40,45,50°C) YoyauanIfnImIsIan 4.2 wanINMIMUINLAZ AN IZHAMATIARUSITA

Asgiln 4.2

M 4.2 udasgunliisuAuLazgamiithminevesswdoutazmuiuvensain 1

Stream Stream 1 P Ny
no. description Co °0)
l.cold boiler water feed. 30 45,50,55,60,65
2.cold  water for brine preparation. 35 40
3.cold can cleaning water. 25 31
4 hot condensate from exhaust box. 100 40, 45, 50, 40

5.hot condensate from brine heating unit. 120 40, 45, 50, 45

6.hot condensate from retort. 119 40, 45, 50, 50

70

Hot pinch temperature is 35°C

T, (©)

Cold pinch temperature is 25°¢

40 | — S
—— Tt4,5,6=40,40,40C

I 3 . . | ——Tt4,5,6=45,45,45C
20 -10 0 10 20 30 | —&—Tt4,56=50.50,50C

—— T14,5,6=40,45.50C |

Hot utility (kW)

UM 42 uamanfSinugnadanuieundeslfidelinmsuannldsunnudouszninawiou

o -
pazautulunsain 1
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° o g4 - A ' @
dmualigungiihninovesmnogui 1 linuandrsnuie 45,50,55,60,65°C Tauil

aa o ¥ T aa o =
ganqiiisuau fie 30°C uazdmualinodsvesgunglisuauiugungiithwinsvesae
v

b

=1

foun 4,56 IAUNINY 30,40,50,60,70°C HIAIT1N 4.3 HADINNIIMUIULAZIATIZHAY
matinNuFuaaIngi 4.3

M3197 4.3 wasmgamgiiisuauasgungiithmnovesmodounazmuiduveansdii 2

Stream Stream Lo [ e
no. description (OC) (OC)
l.cold boiler water feed. 30 45,50,55,60,65
2.cold water for brine preparation. 35 40
3.cold can cleaning water. 25 31
4.hot condensate from exhaust box. 100 70, 60, 50, 40, 30
5.hot condensate from brine heating unit. 120 90, 80, 70, 60, 50
6.hot condensate from retort. 119 89, 79, 69, 59, 49

Hot pinch temperature is 35°

T,(©)

Cold pinch temperature is 25°C

,—®— DT 4,5,6=30C |

40 - .
—— D7 456=40C |
gl o B e—— g —&— DT 4,5,6=50C |

-10 0 10 20 30 40 80 | TTDT456-60C

| —%— DT 4,56=70C

Hot utility (kW)

H - aa i 3 A i J
1 43 uenlSnagiadaaudeuiidesididielimsuanasunnudeusznimodou

= e
wazaouulunsiin 2



58

f’imuﬂ'lﬁ'qmnqﬁuﬂmmwmmmﬁuﬁ 2 UAWANANNAY A 40.45,50,55,60,65°C
Tnofiguingiiudu fie 35°C uazfmualdgampiithmnevesaedoud 45,6 Hafigaingd
Guduiiy 100,120 ez 119°C Ay (1 (40,40,40°C) . (45.45.45°C) . (50.50,50°C) .
(40,45,50°C) FWARIRINTIT 44  HANNIAIBLAEIATIEHEWNATARLTUAAIRS

31l 44

MINT 4.4 wasgunDiisuAuLazgunglthmunsvesmesounazmoduvensdin 3

Stream Stream i g -
no. description (OC) (OC )
l.cold boiler water feed. 30 50
2.cold water for brine preparation. 35 40,45,50,55,60,65
3.cold can cleaning water. 25 31
4.hot condensate from exhaust box. 100 40, 45, 50, 40

5.hot condensate from brine heating unit. 120 40, 45, 50, 45

6.hot condensate from retort. 119 40, 45, 50, 50

Hot pinch temperature is 35°C

T, (©)

Cold pinch temperature is 25°C

| —— T14,5,6=40,40,40C

30— =g —8— T14.5,6=45,45,45C
5 0 5 10 15 20 25 30 % TH456<505050C
—— T4,5,6=40,45,50C

Hot utility (kW)

1 = Qo 1 9/ Y 4:‘ ’
7N 4.4 uaaslSnagnaaanudeundeslddeiinsuanlasuanudeoussniemedou

] ad
nagaueu 11] NTIUN 3
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gl 4.2 PSinugRaannudeunlannmssvadiswsduawiuguugiih
ninvesaedoun 456 fe efmuaguugiithminevesmoioun 456 g
Winughadanuieuidealdeziimgeaulldoe  denSeufvugungiithwinovesas
n:lr o o ar " = = aa c; SO J
ui 1 lussdugamgiidoaiy  woimlBinagiaaanuiounidesldeeiingaiua
- d‘ { q‘ ; L] ar ) 4 o =
gungiiihmnovesmedoun 4,56 Minuduguiu  swiledmualigamgiidhminsves
mubuil widy 50°C  wazquugiithminovesmedoun 4,56 widu 454545 °C aw
ddy USingnaannuienndeldesiinuiii 048 kw uadimualdgamgiidhmng
- () o o a aad i v 4{
veamwioud 4,5,6 i 50,50,50 °C awdAy Ynmgiaaniuieunideslrziisgatiu
fiD 2.98 kW
- a aad Y] A ™ a 4 4
nngdn 43 Ysmagnadanudeuiinunsfusmgungiithnunovesmeadun 1
- P a e N a aaa e Y A 4 '
Ao wegunpiithminsvosmuumnin  USinagidannuieunidesldezlingevusu
a o i - aaa 40 ° = a4
Ay WenfSeufisugnaanudeunsman ldvinmsimuagangiithmnovesmoibu
q. A o = a 1 ey - acy A‘O = 1 o o 1
N 1 NazAuguniiideIny  wudnSuugnaanrwdeunsuraldliausenfudunad
vosgungiiisuAuiugangiifhvanevesawioun 456 1wuilegamgiiithminsvesae
Bui 110 45°C tazwadnvesgungiiGuduiuguugiidhminevesmodeud 4,56
M 40°C Ysnagnaganuieundesldeiinniiiy 8.94 kw uAilionasavesganniicy
Auiugungiidlminsvesaedoud 4,56 Wiy 30°C WSmuginannoundesldesiin
4
FIVUAD 13.94 kW
= a aad | ° a o @ a
1N 4.4 UTmagnaaanuiounldvinmsannn  Saunsfumudugungi
dhvinevesmedoui 456 Ao Wedmuagungiidhminuvesmefoud 45,6 iisg
Tnugnananuieundelfuiingenuluioe  disnSouidvugumgiidhmunovesme
4 a - a e as ) aad ) a9 ¥ o 4
oun 2 luszdugamgiideadn  wuhfSinagiaandeuiidesldeziingeiua
= lﬂl & d‘. ﬂ‘h ; L) o ] 4 ° -
gungiithmunevesmodoud 45,6 Miuduguiy  iswiiodmualigungithmuioves
Moy vt 50°C uazgungiithminovesmoioun 4,56 iy 45,4545 °C mudidy
Wunagiadaanuieundesldeciisuniniv 8.98 kw uadidmualdgumgiifhmnsyesme
1 1 ot o ar =) gl C‘ ¥ J
foun 4,56 iy 50,50,50 °C awdAy  UTnmgidanuieuiidealfezlimgeruie
11.48 kW
g U - ¥ ¥ o ¥ ' s aaa
Mednmsienlyauliimnzauiuanudesnmsvealsenu iwu Hilssnulighaa
v ¥ »
anudouifiss 20 kW uazdesmsmuguuglvenhiloundelerit malsanuaisiden
Amualinadnvesguugiisudunazgungiiidmuevesmeioud 4,56 (OT,,,) W

1 A a o = = '3 o P o v "
Wl'ﬂﬂ lﬂﬂ“ﬂ'ﬁm‘]ﬁl’ﬂ 43 Wﬂlﬂuﬂﬂﬂ'ﬁmﬂﬁ"l:“ﬂlﬂﬁﬂﬁﬂlﬂ 2 wasfmuald DT ,, tM
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i 30°C sziuléheampivenileundelethnindunn 30°C @y 49°C undh
fmuald DT, iy 70°C gamgivenifleunelerhisziudunn 30°c i 61°¢
minuesed AR mdendmuald DT ,,, vty 70°C mszansaRgungiives
ﬁwﬂauﬁﬁa'lmfﬂﬁqﬁa 61°C umdipAinsanludunsdomanudoundy  siiu1d
Al &uesmssmuna DT, Woidy 70°C vudha i 1droushann iesninmsi
modeufi 4,5, 6 szmumanudousenlInsumody nuqmnqﬁummu?oui’i 4,5,6 ¥
Tgunglisuduiniy 100,120, 119°C gamgiiaaaaihu 30, 50,49°C mudidy gunsal
uamﬂ?’iuuﬂJm%'ﬂuﬁ‘l%'ﬁmﬁw'm’lﬂanmzﬁﬂizﬁ“nﬁmwqamﬂ'é'ﬂé'aufmﬁ'mmnuqa uA
dudendmuald DT ., vy 30°¢  mstemanuieulifumeduszanniaildae
o Teoidieaodoud 4,5, 6 ﬁﬁqmwgﬁn?uﬁuuﬁ1ﬁn 100, 120, 119°C awddu iogiom
mwdoulifumadundrmodouti 4, 5, 6 silgumaiianauilu 70,90 uaz 89°C mwddy
Fqunsalinnuldounmdeui i hisuiudedivinalng  wzasiueziiu 8 hnsi
saaduludentmuagungiilfanivesmodi q lunszuoumswda  uonsneziie 14
mm%'au?:eﬂa”unﬂ%lﬁmnﬁqﬁuﬁa dednemiiiadesnnuiuly dvesnshndunlduas

v =
AunudnAw

A a 3
o  msibznanauvemawazinallen

ar ° = i o @ o 9 = aaa v
nawmimsannzinusud Ml miwdinagiaaanudeunidesmsves
1 =y : o o J (-] Q’I ar dy
uAaznsdl DIMiuduauauuIMenIsUsendanday #91dM i avua 3 uuImessil
= ) ¥ ' :1” Y Y
L. mahanudeuvinawdoud 5uavs mguitlounde o

{ a dfa o 4 o o ar =
lunsgin 1 yeamsTasiziiug  devmsulSeuivufiszdugungiidhwng

]
= -y

4 a [ - s o - 9 P v
VBITWYUN 1 NYUNYY 65 ~C IMudUNU wmmanqmﬂmmummmumuﬂ 4,5,6 'M

¥
@ o A& o

iU 40,40,40 °C mwdy  UMslagnaanuioudesiiga  Aavulahinmsiiiameld
- = ar a' a b - ] -:;
nsunslsuandsnuiszaunsalszuda’ld  Mnmsesnuuunsevionisuanasua
L] Ny t:i é oy -} 1
Founviniiemodoun s uaz 6 Fuunoumuaannuleautitndeiazinen MemaNy
y ¥ ™ d 4 & . ¥ O i & s
Soumomsnau Tavasatumodun 1 suluifloundeloriuda nuguugivenitlou
.’ - J ar - q a " o -
nite o uwuaun 30 °c Wy 53°C wawuiinduun 1l vidy 1314 x 10° kI/h fa
v ] v
ithnlSmnalehifidszndald vy 47.5 kgh AadhalSinamuiidszniald mify 8.2 kgh

¥
o L

aniuaatiuiuaAunlsznda’ld iy 15,850 vmast) (Msdamaaslunnruan v.1)
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o o . 4 2
2. methanwfeunisninmswauih luaaiiiazaeuauaA9IN19H9NGUINA
nsziloq
4 b 4 : -
dionaini luaainiiazasuauaannswiades 1dihdeulsnu 182.6 kgh
) ¥ ¥ ]
figangil 93°c dieinhioulimumanudoulifhdmiudunssilesdsmslfinies
uanifasunaudeu  Tasauudlddsz@ninmesunseananildouanudouniiu 100 %
" a ad & 4 A o o v o
wuinhdnnselledigungiiviunn 25°C i 38.8°cC Fuiioinhdmimhdunsziles
° v F ] ; 1 ad a a A 4;
Tiihmsddanssilesneudeinsenuigunginlenannssilesfliguugiiiuiunn
é o < : d‘ " 3
71°c dlu 72°c  Feewninlszvdadinaloimllunmssindeld 2.09 kebatch (M3
Asuaas luninnuan 1.2)
td L ¥  d
3. mahanuieunsvesnsuwauganauliedminndemnguindmsuiniunie
ApuAMaAnINvedniundersum 143 kgh quugil 100°C disvinndom
9 o : ] o o :' = by = (o] A -
anudoulddmhdmsuiniundesma 730 kg gungii 35°C Aunsosuannaounin
fou Tasomualvdszinsnmueuniesuannldounnudouniny 100% udmuigungi
2o ol o2l gt 4 ——= > #
vonhdmiuiniundemuiuiu 51.7°C  Fwunnlszudaloimldlumsdniundeld

18.43 kg/h (MIAUUUAAITUMARLIND 9.3)
¥ &
4.2 MsvuauIURUnIN

o Yy _a o ¥ ¥ o sd 4w

wenninmnihnuieunsndvinlduds  msquasruignseininoadeslunszuiu
a d a o ' 4 @ o ¢
nswdamniudsduiluedimiislunisdsendanasnn  vnmsasnapuanmuesginsal
1t Wy v d’ & oo M Yo ¥ a 14 ar n’:
Tulsenu  wuniivdiesinge 1nies N lldhnmsquauunaziinglfudin daiu

- -:lyd Y o o = 9 = o 9 [} J a (] ¥
msfiniae ldhnmssnaliannudeuguidvnamiwemiesinden hiléduauiu

v
1dnanail

o g ¥ o 3 v Ay - o
Taan19Mmioduse Ao iIMan MU 20 mm.

NYAT QO =UAAT
LI )]
U (K,.)
~(20x1 0> m)
" (80.2W / m.K)

Il

2.494x 107 m’K/W

4010 W/m'K

a2
I
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nevesniioshideiiiatl 061 m AIMEN 5 m f’:uﬁﬁoﬁ"wnﬂm'lé'mnqm
270l + 270 Y 21.49 m’
LN Q = UAAT
= 4010 W/m'K x 21.49 m’ x (329.75 — 329.15)K
= 5170x10'W
= 1.861x 10 kJ/h
nasiide 1 bach' vy 79w ﬂ"qﬁ"uﬂ‘s‘ummmi’auﬁqmtﬁu‘lﬂﬁunﬁq'um

L] g 1 -
o uFoIMINY  2.450 x 10° kI/batch

a | a’ 9 ] ¥ ﬂ
s lumsquasnundesiuse lasnsquanau. Tavsuauidenldiiluauau
loudnlinnuruinty 16 kgm' AUMYY 50 mm.  diodnssuaalsuannuioun

¥ " ¥
qedsnnmivvesndiosinsenduswinloudimin 50 mm Tlnadsi

VNGRS Q = UAAT
' LG R A
U S
= (50x10°m)
(0.046W/mK)
= 1087 m’K/W
U = 0920 WmK

nnavessiesinde D3¢ 0.66 m AT S m ﬁuﬁﬁﬂfwmm‘lﬁ'mnqm 20l

+ 2707 AU 2346 m° INMARLIN 93 Snsmmmzduvesmuloudy Faliaw
i 60 mm Usinmaimdeuiigyidvnneuaainsodanldon

Q 5= . UAAT

= 0.767 W/m'K x23.86 m’ x (392.15 - 308.85)K

Q = 1524x10° W
aumloudfiaueuuziinumu 50 mm aunsofnumguMgifimisdmuenvenile
sinemununuda 185

Q = UAAT

1524x10° = 0767 Wm'K x 23.46 m’ x (392.15— T, )K
T - 30745 K

k]
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Wnmanudeudiqydennauilonds v 50 mm aunsednnaldnn
Q = UAAT
= 0.92W/m'K x23.46 m’ x (392.15 - 307.45)K
- 1.828x10' W
= 6.580x 10" ki/h
. 5

k4 ¥
IAN3UFD 1 batch AU 79 Wil AniudSinannuieungade lfumisvesnieainye

WU 8.663 x 10° k)/batch -

u’: =y s r.'i s y4'| o ¥ 9 ] d.v -
l'ﬂ'i'IzﬂﬁuUﬂill']ﬂ‘l“ﬁﬂi'luﬂﬁ'lu']‘iﬂﬂ‘ixﬂUﬂ1ﬂlﬂﬂﬂ1ﬂ15ﬂuﬂu1uﬂﬂﬂ‘iﬂl¥ﬂ fio

(2.450 x 10° kJ/batch) - (8.663 x 10" kJ/batch) = 2.363x10° kJ/batch

t ¥
antluilsuna lerindszvoaldein

¥
wunatlvesTorin 166 °c = 27645 Wikg
¥
s lorhinlseniald ~ 2.363x10°
27645

= 85.5 kg/batch/day
: ° 9
s1mved lothduaa 1dan

¥ ¥ ¥
S']ﬂ']"!lfN.lﬂ't:l'l - ﬂ'll“l’iﬂlﬂi‘lﬂ + MAAN + AU + AN

¥ v
Usunalerhnnaala

A oA A
[¥1]3] ANYDNAN

0.4 Bahtkg

Mmesed - = 0.0l Baht/kgﬁ"}
AT = 200 Baht/day

i = 0.032 Bahtkg W
Pmanhdmiunaalen = 13711 kg/h
Vimnalovhiinaald = 12135 kg/h
nanlumswnaale = 1525 h/day

.51 1eti = (0.4.x 530 x 15.25) + (0.01 x 1371.1 x 15.25) +200 + (0.032 x 1371.1 x 15.2
(1213.5 x 15.25)
= 0.23 Bahtkg

¥

aniulszndatualennld = 855 kg/dayx 0.23 Bahvkg
— 19.67 Baht/day



64

4

simuulonda 1 9 A 1.22 x 1525 m. ANUNUY 50 mm. 1MHY 1,687.50
3 A 9 ' d' = o Y - -53 v oo
um (nsumsfinielu, 2546)  ilesninndesinFenssimsuaniuiifuniamuamiiy

2 W z - 9 ¥ E a a ' "o
2346 m’ anfudedeldnuanlonds 2 dhu Aadudusmuiunmidy 3375 vm @wnse
a = Vo ﬂ’
Anszuznanunu aaadl

¥
yam levhidsendaldlu 1 fu = 19.67 v/

IR = 3375 um
szozanlumsiunu = 31
19.67

= 1716 W

= 5.7 ABY

v
@ o d'l

4
antuiioinsquawaundiesniyeudiszansodszudanasanuld 2.363 x 10° kibatch

niodisuminlsinaler 85,5 kgbatchiday uagdnimijuauiugiaseifenazansa

= -~
Aunuldluszozna 5.7 1deu



-
unns

unagy)

v
vinwansAny N lndinuvesTssnunindauwnineisalniundevssynsziles

wiowamuwamalumsyiulgalsz@ntnmeeans ldmdsau nudh
a ¢  a v W < < ét a
5.1 HEMIIATISHNAINUAIWBUNEY HAZIONIFBITVRINIZUIUNIHAN

: = a o= o Sy 1w o ol
e wielowh inlszanSamvousunatimiy 3946 %  LAZYDUDNIWDID
WY 1214 % - Bamasnun laansefunduld (reversibility) 1111
81.69 %
4 - a a Qs e o ot A
® 519U VUsTANTMINUBUBUNDY  LUALUDUDNINBIE AB 67.68 % LAY
27.97% AN HaZUMmWAINUN lanusorRunaw 1amny 58.38 %
Y 9 : - - a o ar A v e o oy
® yueAuUuNae Nszantimnveaouall 1Ny 47.68 % HASVYBADNIYDIY
A 28.77 % Awasnun lawnsodunduldmmiy 4520 %
9 ] J =1 a  oa @ A =] - |
o wipuU¥e UUszanIamususuNall LaZYBUDNITBIO AD 30.94 % LA
25.17 % aud1sy paziiswdesnun lanunsofunay 1amdy 40.86 %
=< =1 9 ] a wa c: - a8 a e 'd
nanamsAny vz 1anlunng wilsdfiamsiuiianlsedniamiinsevide
@ a v a a Aaa o =3 5] q’: :i’ -~ a '
wunalszimgannanlszaniamnannsidiueneess  Netiesninlunisiing iy
@ Y o dan ¥ o ¥ - o a o9 v A ¢y 4
waauABNEBI Imihngten 2 veames Iulaudindidnswinszvdie Fsemnse
= [ o o Y M YA =) A o o e o o 4
vendanasnunAundy lildngydolunszuiums  denulesiuanaraiuinng sxvild
1 o’: = s [} (] (-1 = oa (] 1 [ ; =1 a o
N5 NQUnsahiulms lnduedidhifidssdnsam  u daunssiuyedilszdninm
ar oA T s =1 a a =1 L L o 1
VOADUNAUNINY 39.94 % UazHUSLANTAINVBADNYDSONINY 25.17 % uaasldimun
FUMIANFOLMS [EnaInueallseansam
= ar P = [ g A a =
MRS windnuauieuiigadoueadazginsal nuhsRialmsgdy
wasaanuiou liduaewauaailaeensds 7.8 %  uaslinsgadoanuieunnmia
v
gunsel 0.18 % wieduminndegaudondsnuaiuiouhifuneuauaanidy  13.59%
v
- ar ar ar d 1 e ] A A = s
uazgaudondsnuanuioulifumisglnselmiy 1244 %  wdesinFelimsgaudonds
o a a 2 - = v o
auanudeulifuaouwauaaiivaesnatia 7.7 % uazlinsgydonnuieunnmiginsal

0.13 %
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3 - oa, o 9/ 4: s b4
5.2 mwmmiﬂszqnnmﬂuﬂwwﬂunﬁmﬂ'nmwmnaumh

o ¥ q’ @ 9 o =y P . 2
nnmsthanuiounainduinlgyszlomilaeds Heat integration Fuilunissiumn
amontinsuanildousuieu  TaoldusimaTulad (Pinch technology) Wnn¥aelumssu
' - - 9 4 o ar A o a s - o 9 =
dmnowenandounnuioudsiuuasiu Fhmsanned 3 nsdl Taodmualdgungi
d a ¥ ar A 9 - y
thwinevesmoiounazenuouiimuanaaiu e lianiaden1dldmunnumunzay
Psunagnaaanuieundesns 1fluisaznsdissulsduauiugumgiiithninovesaoion
- - 4' 3 =Y A Yt 3 = aad F
1 4,5,6 A isimuagungiitminguesmoedoun 4,56 Wiimge  YSunaghaannuiou
d'y P LY aa o o : =t [ ()
navInmsszlimgaanllfoe  gungimusn ldninmssuiaveaia 3 nsal vy 30 °C
aa an o as o
Tavgungiiiudvesmodou fie 35 °C uazgaumgiinuFvesmuibu fie 25 °C ndsnam
= o a 4 o s r r 4’
msansiziuTud Idhnsieusuuamamsilsendandanu Al
" misdszndandsnuanuden Tasmnhianudouvesnsuauannnuliadu
¥ Ed ¥ ¥
vundeunzwiipsinyewguindeunsieleh  wuhmansodsendaliiuld
8.2 kg/h s oaaiuLTIna leriuniy 47.5 kgh
o n’ o’ A 3 :
= msthanufeunsnnniskauhluasiniuazneuauaavinseianguihn
o o 9 ' ° ' d’ v ar : ] d’l’
dwmsuannszilasnewinmsange  wunannsodsendaleilunmsaiuyeld
142,09 kg/batch
° ) n’ y 9 n, - ' n’ ) V) o’ -
= mnhinneiounisvesnsuauaIniesninndeuguindmiminiunie

nuhanunsodszndalovn1d 18.43 kgh

5.3 wavesnslszndandsnulasmsyuaniuginsel

¥
msiszndanasaiu Tasmsjusuiundiesindeslonuinlonds vur 50 mm wun
awnsodszndandanuld 2.363 x 10° kibatch wiooumnlsinalorir 85.5 kgbatch/day
[] ¥
Amtluduiiszndald 19.67 viAu Taviidunuvesnuiu (liswmaany) iy 3,375

o o
v wazdlssamihmsjuauuginsalszannsonunu ldlussoznm 5.7 deu
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v s 1 . 9 ¥

nsumamnelu. 2546. simnaredagluaunan. [Onlinel. 11041400 :
http//spec2u.com/prices/p07/p7-1.asp.

a4 a - v d ad o
uuAT Agaunuas. 2539. meslu-anudeulizyan. njaummna : Fdagindu.
¥

To¥alne mawyse. 2527. matamsdszniandanumannuien. RuMAsIN 2. njanng
: NIWRUA.,

To¥alne mayse. 2543, matiamsdszndandsnuanuieulugaanniss. ulalae
321D MRS TIanT Aumzniisna uaziiudia Tsniosemuun. njamne :
o w a o ¥ = = N
dninfudaunudaasumn Tulad no-giu.

Jun wadaiaauiia. 2535, Imnssunlsglems. nzamma : Tewoanisnu.

1951 M. 2531 “mistszndanasauiulsenulasmsinnziidniress”. Inm
inuiamnssusmaasuviasa ManImnssuall Tusiaingidy, Yasnsal

UHIINLIAL.

aw ¢ w a o o a g @
Fianl snnosi. 2544, maluladlesin. nyumng : Sioagindu.

D

[ d o d o ar

Tla femenes. 2543, maluladmamlsglerns. ngammwa : (Mne uoud wesia.

ada a o o = T..L [ :

ol 351nd. 2541, “mslszgnamatianuglunisUivlyeszuumsianihlulseauds
o e o a a o' L) a a =)
Hudulznae. IMeNuEIRINT SUM ARSI NINAN MAI¥IAINTTUAT AuL
a L3 o = k4 =
WINTSURAAT, Ao 1TUMA Ty TadnszIdMNAITUS.

= & @ A a ¢ @ 9 o o
qIAM 17DTAA. 2542, “MIANTITHNAINUAI0IBNIED D U 15 39UGAT NN THOINIS ™,
a = o' @ a a o @ A oa w
MNUNUTINNANAATUN NI UAA TVTINYINAAINITDINIT UURAINGIAY,
aoniumaluTatwszeemndudgunmisaanszai,
¥ A = s s ¥ s
qATaINs oA, 2538. “MsAnIINIMTYsEndanasnurazaannudssnswa g
1 = o oo o o =
galulsanulaminseiles”. Inntinusimnssumansunitiada av1in
maTuTadmidanInaanuy assndsnuuas Jag , aaniuma TuTaowszseund
-
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d A Y] ar ¥ =
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a a oo w A e
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MANUIN N

=Y d w [~1 iy
NSRS UNaLUaZID NIFDSE

.1 8IUYNB 1831 (Boiler unit)

danvemmdieloh i immsiiudomasumsduanl  manuouves i
sy 15990 kikg USinaniileuveanieleriusindy 1371.1 ke qamgil 30°C 1hee
wivuaamzihlerhdmoy 12135 kgh quingil 166°C  Aeuriativealeve 2764.5
ki/kg wazludhundle lerhilduansdismssmnamdinuvosonedouislumssnngd

4&’ a A 3 ar dy
IFDINAIDNAIVAIU

fuel wood 530 kg/h flue gas 230 °C
Boiler unit >
water 1371.1 kg/h,30°C> steam 1213.5 kgm£66°c

v

blow down 157.6 kg/h

P 1 9/ :
3UN n1 weasugawIadumelesh

Qs =
augaRUiall
o A B
puallv)

AH g7 %2Cp) X AT

in.water water water

= 1371.1 x 4.176 x (30-25)

2.863 x 10 ' kI/h
AH = m

in,fuel wood

x **Heating Value

fuel wood

= 530 x 15990
= 8474 x 10 kJ/h

@ A
wuNalviesn

AH =m, X ¥**h_

out,steam steam

= 1213.5 x 2764.5
= 3.355x 10 *kI/h

.
* mnnugaaufeusumzveniuaa lummmuan a1
. Py
** ginnuiouvea¥emduanalunianuin w2

v
=++ guounnives loiurasdinmanuan 2.3
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AH out.blow = mhluw X Cpblow X AT

Il

157.6 x 4.351 x (166-25)

9.669 x 10" kI/h

msmlSnaemained lumsin Indedsauysalfu IiRuedemas) nndeya
asrlsznouves i (Worewsn) Sdmseilasnsuinnmansuims  dsznoudae
C=448% H=568%,0=3725%,5S=0.19%,N=0.28% ﬂ'ﬂll‘f:ﬂ 11.1% 181 0.7 %

P o, wfannaﬁ‘l%"lumssm'lﬁﬁminmqsafmnﬂﬁﬁ?mmﬁuﬁ'aﬁw

»
o r =4 o =) A A
UM O, muuﬁmuummu’;uw?aﬂsmmmmﬂﬁﬂﬂwm

C+0,—p CO, (D
2H, + 0, —» 2H,0 )
=0 P S} (3)

) [y o
10 (1) IMIUMIVOU

1 lvaveaC+1 luawes 0, — 1 Tuawves Co,
12kgC + 32kg0, —P 44 kg CO,
BNIIEAINY0I O, = 32 = 2.667kg O/ kg C
C 02

BAIAIYDY CO, = 44 =3.667 kg CO,/kgC

& 12

310 (2) dmsu'lalasiou

2 TwavedH,+ 1 lwawes0,  —p 2 lwawes HO
| Twaves H,+ [1/2] waw8d 0, — —p 1 luaved H,0
2kgH, + 16kg0, — p 18kgH,0
BA31TIUY0I  O,= 16 = 8.0 kg O,/ kgH,

H, 2
8n31dIUY0I H,0 = 18 = 9.0 kg H,O/kg H,

H 2
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20 (3) AHITUMVLOU

1 Twavess+ 1 luaveso, — 1 Twawes SO,

2kgS + 32kgd, —p 64 kgSO,

BRIV O, = 32 = 1.0 kg O, /kgS
s 3

BAIIAINYDY SO, = 64 = 2.0 kg SO, /kgS

S

32

gy 1o o, #1§lunsung

- (0,1 lumsin ity ¢ ol lumsinTndidy 1, )+ 0,414 umsmnInddy s )]
=[(0/C)x ClnFoman] + [( 0,/ H)x (H;luﬁ;mwﬁa)] + [(0/S) x shuFomaa)

= (2.667 x 0.448) + (8.0 x 0.0568) + (1.0 X 0.0019)

= 1.651 kgO,/ kgﬁ;amﬁe

" ¥
$119U O, qNBN 1% = 1.651 - 0.373 = 1.278 kgO,/ kg IFDINA

snnusmeined lunisen vl ey sal

($121 0, 3gNENIF ) / (Berilszneu Tavwiaves 0, Tuoinim

1.278
0.23
=5.56 kg 0109 / kg iFomaa
Fafu 1 kg 1My vz 190107971 5.56 kgonint / ke liiNu
530 kg 10N 92 1901019715.56 x 530 =2.95x 10° kg
lﬁﬂ excess 10 %
. 92 1901mA m50'14 flue gas = (2.95 x 10°) + [(2.95 x 10°) x 10/100] = 3.25 x 10’ kg

AH

out. flue gas = mﬂnegas xcpﬂucgas XAT

= 3.25x 10" x 1.023 x (230 — 25)
- 6.816x 10’ kJ/h
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ZH,, = ZH_., + loss
o loss = ZHMM- EHWW

= [(2.863 x 10" + (8.474 x 10°) |
-[(3.355 x 10%) + (9.669 x 10"
+(6.816 x 107)]

= 4370x 10° kJ/h

Uszdininm = enthalpy output x 100
2 enthalpy input
= (3.355x10°)x 100
(8.503 x 10%)
= 3946 %

a dq
qugaeNyeIY

Ag = AH-T,As

nput, water

= (2.863 x 10%) - (298.15 x (2.863 x 10%))

303.15
= 47221 kJh

AE o = LHV[1.0038 +(0.1365 x4 ) + (0.0308 x (D))
) (<)

+(0.0104x5) )] x m

(8]
= 15990 [1.0038 + (0.1365 x_(5-7) )
(44.8)

+ (0.0308 37-3) ) + (0.0104 x (0-2) )] x 530

(44.8) (44.8)

= 8871x10° kM
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Ag = AH-T,As

output, steam

= (3.355x 10°) - (298.15 x (3.355 x 10%)

439.15
= 1.077x 10° kJ/h

= (9.669 x 10) — (298.15 x (9.669 x 10%))

439.15
= 3.104x 10" kJ/h

AE S\ ML T As

(6.816 x 10°) — (298.15 x (6.816 x 10°))

503.15
~= 2.777x10° kJ/h

bl
m
|

v Egmw+loss
. loss = an- Zﬁww
= [(472.21) + (8.871x 10°) ]
-[(1.077 x 10%) + (3.104 x 10%
+(2.777 % 10°)]

loss = 7.485x 10° ki/h

dszanimw = exergy oulput
Zexergy mmput

= (1.077 x 10°) x 100

x 100

8.871x 10°
- 12.14%

A€ s = AH-T As

= (4.370 x 10%) — (298.15 x (4.370 x10%)

315.35
- 2.383x10° kJ/h
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% loss = Zexergyzmpuf —exergy output ©100
= 87.86%

dy 3 dl Y o U 4 d‘ = I 5 1 Y o ¥ € Y 1Y
wnanstluenashanulidwiunisldnuienisfinuwintu eygrelnhluldusslovdmunisen

lidnsdlla visdu Bnnsnuilvsaudadilen wagdesdnedisdivesenalsynasaninisluly
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.2 dmmi‘ﬁa (Exhausting unit)

. &4 0 A & 4
Tudumstnlmaaussgnszilesiuiu 411 kgh guvgl 15°C  gailadaolen
3w 30 kgh gaumgil 100°C Umwssynseileandsiaiiimin 416 kgh gamgll 79°C

= ¢ o = o dv
WANITAUATIZHNAINUHUAIU

Exhausting
fish canned 411 kg/h fish canned 416 kg/h
> unit |
15% 90:%¢
steam condensate

30 kg/h, 166°C 25 kg/h, 100°C
a ’ P
31.]‘“ n.2 uﬂﬁmuaammmmumim

Qs <4
angaeuial
ar b
UNaYYN

AH = mﬁsthpﬁsthT

in, fish
= 361 x2.77x (15 - 25)
= -9.999x 10’ kJ/h

AH.I = mmepmxAT

= 50x 0.435x (15-25)

-217.5 kJ/h

AH = m,, xh,

n, steam stecam

= 30 x2764.5

8.293 x 10* kJ/h

Il

1PUNAYIDDN

AH = mﬁmepmxAT

out, fish

= 329x2.77 x (79 - 25)



AH

out. can

AH

out. drain water

AH

2H

*. loss

input

loss

Yseansnn

out.condensate100°C

= 4921x10" kI/h

=m_ xCp_ x AT

= 50 x 0.435 x (79-25)

= 1.174x 10’ kI/h

= Yk i TEP i i X AT

= 37 x4.118 x (79-25)

= 8227x 10’ ki/h

m ... x enthalpy of condensate
= 25x419.04

= 1.048x 10* KJ/h

T ZHMpul + loss

= ZH, ;- ZH,..

= [(9.999 x 10) + (-217.5) + (8.293 x 10")]
-[(4.921 x 10%) + (1.174 x 10%) + (8.227 x 10")
+(1.048 x 10%)]

= 3.620x 10" kJ/h

_ enthalpy output
Zemhalpy input

= |4.921 x10* < 100
7.271 x10*

x 100

= 67.68%

_ (ZH:’npu! —ZHoulput )
%
ZHinput
= 3232%

100

77
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queaanNyaIY

Ag -

input, fish

Ag . =

input, steam

Ag -

output.drain water

o =
output, condensate 100 C

Ag

Au-T As

(-9.999 x 10%) — (298.15 x (-9.999 x 10"))

288.15
347.0 ki/h

AH-T As

(-217.5) - (298.15 x (-217.5))

288.15
7.5 ki
AH-T As

(8.293 x 10") — (298.15 x (8.293 x 10%))

439.15
2.663 x 10" kJ/h

< AH ST JAS

(4.921 x 10" ~ (298.15 x (4.921 x 10%))

352.15
7.546 x 10 ki/h

LA As
(1.174 x'10°) - (298.15 x (1.174 x 10°))
352.15
180 ki/h
AT, As

(8.227 x 10°) - (298.15 x (8.227 x 10°))

352.15
1.261 x 10’ kJ/h

AH-T As
(1.048 x 10") — (298.15 x (1.048 x 10%))

373.15
2.106 x 10° kJ/h

78



28in|:tu| = zgolltpl]l+ lOSS
pX

input - outpul

= [(347.0) +(7.5) + (2.663 x 10)]
- [(7.546 x 10”) + (180)+ (1.261 x 10°)
+(2.106 x 10%)]

. loss = XE€

loss = 1.589x 10" kJ/h

Uszansam = exergy ouput
Zexergy input

= (7.546 x 10°) x 100

x 100

2.698 x 10°
= 27.9%

Ag = ‘An-T1,As

output, loss

= (1.427x10°) - (298.15 x (1.427 x 10%))

308.45
= 47.65 kl/h

% loss = Zexergy input —exergy output
Zexergy input
= 720 %

x 100

A A T P 4
AH fAewwininggidohlfusivessais ueaimsfowlunmeun v
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0.3 AIunNeANIIINGe (Brine heating unit)

Yy : - 9 : 3 P=1 : 1 "
wieAuiundelanyuziundeanssu  Fuuen Uacket) veiilovindludugiom
9 1 o’ e.; (] n’: (] ar o” n' =9
anwdouliuminndofioglundeduluiumisvemdo  lohAldivSa 143 keh
a o S a4 ¥y |a a a o - ¥ °
gamgil 120°C vunderumsdulsum 750 keh Tgungii 91°¢ Hmanudousume

¥
IMAY 4.1058 kI/kg®C HARINMISANTIZHLAIN

brine 750 kg/h brine 750 kg/)h
——

Brine heating

35°C - 91
unit

A

steam 143 kg/h condensate 143 kg/h

“c

166 °C 120 °C
700 0.3 warsaugaulavesdiundiodninnie

r =
augaeuYiall
eunatund

AH i), SOP . & AT

input, brine
= 750x4.1058 x (35 -25)

= 3.079x10" kI

AH = m x h

input, stcam stcam steam

= 143 x 2764.5
= 3953x10° kJ/h

wuNallviesn

AH = mbnnexCpbﬂmxAT

output, brine

~ 750 x 4.1058 x (91 — 25)
= 2.032x10° kJ/h

.
* A fouswmzveniundenaaslumaruin a5



AH =

output, condensate

Zinput =

. loss =

szansam =

o ded
CENIL LI 1o ]

m x enthalpy of condensate

condensate

143 x 503.71

7.203x 10" kJ/h

Eoutput + loss

ZH . - XH

input output

[(3.079 x 10 )+ (3.953 x 10 *)] -
[(2.032x 10 + (7.203x 10 %
1.509 x 10° kJ/h

enthalpy output
Z enthalpy input

2.032 x 10° « 100
4.261 x 10°

47.68 %

x100

(Z input — Zoulpur) 260

Zinput
52.32%
AH-T, As
(3.079 x 10") — (298.15 x (3.079 x 10%))
308.15
999.19 kJ/h
AH-T, As

(3.953 x 10°) — (298.15 x (3.953 x 10°))

439.15
1.269x 10’ kJ/h

81



Ag

2E

input

.. loss

loss

Usgansnn

Ag

output, loss, AINUB

Ag

output, loss, H1ATBUNIB

output, brine

Au-T,As
(2.032 x 10°) - (298.15 x (2.032 x 10°))

364.15
3.683x10" kI

AH-T,As
(7.203 x 10*) - (298.15 x (7.203 x 10))

393.15
1.740 x 10* kJ/h

ZSWW + loss
PSS X N
[(999.18)+ (1.269 x 10 )]

tput

[(3.683 x 10+ (1.740 x 10 *)
7377x 10° kJ/

exergy oulput
Z exergy input
(3.683x 10 ) x 100

x100

(1.280 x 10%)

28.77%

*AH-T,As

(1.241 x 10°) — (298.15 x (1.241 x 10"))
345.85

171.16 kJ/h

»*AH-T As

(6.624 x 10) — (298.15 x (6.624 x 10))

391.15
1.575 x 10" kJ/h

; ’
AH Ao ipwindigydehlfumivesimleduiunge ursanaduulunarun vz

“AH fo wursiligadohlfumisweakmifofniunde umnanfnomlunmeon vz

82
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Z energy input

= 7123 %

X o dl 2 o Y v A = O 1 2 o £ v 14
enansiluenansnanulidmsumsldnuienisnwwintu leugslriluldusslevisunisen

i nsdlla visdu Bnnanuilvisaudadilen wagdesdnedisdivetenarsynasaninistluly



84

n.4 AIUNI53 YD (Retort unit)

b
Tudanveamsaiuieszutiailung (batch) 1 bateh Uansziloaduau 2040 ke/batch
4 ¥
gaungll 71°C Mnanlunmsainge 79 wiilt - 14lerihnlSue 532.6 ke/batch quingil 166°C
:’ [ 2 =t 1 [ 4 i 1 5
Tavazdl lohaaumisgade lilvaizms lammalundesinge  danszilesiirumsanie

Y & (e} =) ot o J
LAMQUUQUINMNY 118 7C HANMITUATISHUAIU

steam 205.6 kg/h, 119 °C

fish canned 2040 kg/batchﬂloE fish canned 2040 kg/batc’h,l g7
Retort unit
steam 532.6 kg/h, 166 °C N erort UMt | condensate 327 kg/h, 19 °c

[ ¥
3UM n.4 usmsaugaNIAYBIdIUNIS AT

ar =4
augaeunal
ar o4 3
UNUV U
AH input, fish canned = _m fish canned X Cp fish canned X AT
= 2040 x 2.835 x (71 - 25)
= 2.:660x10° kJ/batch
AH input, stcam — stcam X hs(cam
= 532.6 x 27645
= 1.472x10° kI/batch
PUalvIoen

AH

output, fish canned = mﬁsh canned X Cp fish canned X AT

= 2040 x 2.835x (118 - 25)

= 5378 x 10° kJ/batch
AH output, stcam = ms(mm X hstram

= 205.6 x 2704.8
= 5.561x 10" kJ/batch



AH

output, condensate

2H

nput

. loss

loss

Uszansnm

% loss

=] ot
TuRAENIYDTY

Ag

input, fish canned

Ag

input, steam

Ag

output, fish canned

= M_ o0 X enthalpy of liquid
= 327x499.46

= 1.633x 10 ki/batch

= EHWW + loss

- ZHi“M .

= [(2.660x10°) + (1.472x10%) ]

ZH

outpui

-[(5.378 x 10°) + (5.561 x 10 °)
+(1.633x 10°)]
= 4.810x 10° kJ/batch

— enthalpy output
Zemhalpy input

5.378 x 10° « 0
1.738 x 10°

30.94 %

x 100

O (Z H input —-Z H output) I
x
Z H input
= 69.06 %

00

A~ AH=T/As

= (2.660x10°) — (298.15 x (2.660 x 10°))

344.15
- 3560x10"

= AH-T,As

= (1.472x10°) - (298.15 x (1.472 x 10%)

kJ/batch

439.15
= 4.726x 10" ki/batch
= AH-T As

= (5378 x10°)— (298.15 x (5.378 x 10°))

391.15

85



= 1.279x10° kl/batch
Ag = AH-T,As

outpul. stcam
= (5.561 x 10°) = (298.15 x (5.561 x 10%))

392.15
= 1.333x10° kJ/batch

Ag = AH-T,As

(1.633 x 10%) — (298.15 x (1.633 x 10°))

output. condensate

]

392.15
3.914x 10" ki/batch

ZSmpm = Zﬁouw+loss

Zginpul 1 Zaourput
((3.560 x 10 ) + (4.726 x 10 *)]

". loss

~[(1279x10 %) +(1.333 x 10 *) +
(3.914x10Y]
loss = 2.079 x 10° kJ/batch

Uszlinbam = Segroupu oo
Zexergyinput
= (1.279x 10°) x 100
508x 10°
= 2520%
A e A H TS
= (7.276x 10") - (298.15 x (7.276 x 10*)
308.85
= 252.07 kl/batch
0 logs = Zexergw'npu:—exergyourputx]
Zexergyinpm
= 748 %

» »
An Ao wwintligadeTiumisveaniiesinde uaamssuinlumenuan v.3
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MARUIN ¥

o F 4 di = o d
msannalfinarnuieunigaaannwiiivesginial

¥.1 31934 (Exhaust box)

[ -:; 9 o A = : : ¥ ]
Faghlemsatatinmua 3 $u Usenoudae 1) uduauauag W1 20 mm 2)

nmu“louﬁ"s U140 mm 3) HHUTUANIAE YU 2 mm.

UAAT

(Xﬂuuumn) + (Xnmu'lmlﬁa) T (xrrunumn)
Kmmumn‘ Kw'm'luuﬁi Kmmumu

VINGAS

Q =
e

U =

A o ’
YUIAUDITNIL (Exhaust box) 11U 31l

(20x10°m)+ (40x10°m)+ 2 x10°m)
(47.6W/mK) (0.046W/mK) (47.6W/mK)

0.87 m’K/W

1.15 W/m'K

¥
1. M89A N9 2 AU VA N3N x 010 1MHY 042 m x 4 m

' ¥
2. wNII 2 A1 ATUETIFINIAY 0.8 m §90.13 m

ar

LoS]

14 ¥
as

€

HNUAT

S a

Qs 4

. R T 4
L uiaiingande lifumisvessisils

L
o

AU NUNRIM IMuala ML 5.33 m’

Tumsiudnaesoldgas

. g
. . ONIYD

o

7

Exergy

o o A
ngads hdumisueasisile

I

. IR UEN9 2 AU YU PN x 01 AL 024 m x 4m

UAAT
115 W/m'K x 5.33 m" x (373.15 — 308.45)K

396.6 W

1.427 x 10" kJ/h

[1-(TyT]xQ
[1-(298.15/308.45)] x (1.427 x 10])

47.65 ki/h

87



.2 10NN UNAD (Brine heating unit)

88

=~ s ] - [l a a c;n-; aa w9 3/ Y ¥ 3
Tﬁuuumnﬂﬂ:mﬂu 20U A9 @IUN 1 ARNHUNHINULIATUY NAUDAUTNNHUAT I

¥
= l

v 14 ]
fauAIduAUNTodN dauf 2 Ae Aufirdwdaseudiuuy

1 :i ar Hq ¥ o ¥ 9 : - ﬁn’: : '3
auni 'mqnhmﬂnaﬁuuunaaumnuﬁ 3 YU ﬂi:ﬂi)‘ﬂﬂ’m 1) auaua v

3mm 2) AU loudd 1 40 mm 3) AuAMIRE MU 3 mm.
NYAT Q = UAAT
(Xmmumﬁ) i (Xnmuhmﬁj) + (Xﬁuﬂumn)

u Kﬁllﬂ‘umﬂ Knmu'luuﬁ‘: Kmmumn'

1

3x10°m)+ (40x 10°m) + (3.x 10°m)

II

(47.6W/mK) (0.046W/mK) (47.6W/mK)
0.87 m'K/W

U = 1.15 WmK
L 4 ' ¥

¥ 9 .H =) @ A -
VUIRVDINUDANUNNAD TAU 32 cm AU 90 cm WuUN

=)

¥ ¥
@ as

' 2 & o mre ] ) A Aa
MANY 2.131 m ‘5@ﬂ1ﬂ15ﬁuu1lﬂﬂﬂﬁf?1uqa3 3NUD ASUUNUNKND

€e

IMUA AL 6.393 m’

=

unua Q = UAAT
= 115 W/m'K x6.393 m’ x (392.75 - 345.85)K
= 3448W
- wwviatliigade hifumiseandedniundge - 1241 x 10 ki/h
Tunsdudnwesdldgas
Exergy = [1(T/T]xQ

[1-(298.15/345.85)] x (1.241 x 10°)

Il

oot A o w :
. iwnwesongado hfumiswemiodiniunde =  171.16 ki

MINUAAD 27Trh + T
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ar

" oA Hq ¥ o Y ¥ o & A '
aIun2 ﬁﬁ‘lﬂ‘ﬂ 1N1ﬂﬁﬂﬂﬁuﬂﬁ'ﬂu1maﬂ 1D UAUTUAUIAY YUY 4 mm

NNGAI Q = UAAT
1= Kouiar)
u Kmmumﬁ
= (4x10°m)
(47.6W/mK)

= 84x10° mK/W
U = 11904.76 W/m'K

: - | =4 1 s : d"h 1] as A L)

rhilandeduinunde U5al Mdu 0.32m WURRD D TTF IMIAY 0.322 m® 9V

¥ o A & 3 o A an o "o 2
MsAUTUND8T 11902 3 M9 AMTUNUNAINIMUA 11171 0.966 m

UNUA Q = UAAT

11904.76 W/m'K x 0.966 m” x (392.75 — 391.15)K
18399.99 W

'
o =y

mu‘nnﬂﬁqur?m'liJﬁ'urhﬂmmmﬁﬁﬂﬁnﬁ’nﬂﬁa = 6.624x 10" kJ/h
Tunisfunudnisesdldgas
Exergy = [I(Ty/T)]1xQ
= [1-(298.15/391.15)] x (6.624 x 10*)

] ¥
wnisesingydelifushasevvemliedniunde - 1.575x 10" kim

Cewnnlveawdsnungayds ldfumisndedutiundesa = (1241 x 10°) + (6.624 x 109

=~ 6.748x10" kJ/h
o oy a P4 = s a L o’ =) 4
mnwa'jUﬂlmawaaa1uﬂqmtau1ﬂnuwumuﬂﬂummamm = (171.16) + (1.575 x 10 )

= 1.592x 10" kJ/h
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¥y 1 A
¥.3 HUONUNYD (Retort)

e

{ o ' 4 : u’: v =]
agnldimdesindeiliionun 3 4u sznoudao 1) Meman W1 20mm 2)

aulouds M1 60 mm  3) UHUNRUIUAUALEE YUY | mm.

NNYAT Q = UAAT
1l = Kgoutnd® Koyt £ (Xmim{uumummumn)
U Ksiomin | S T Kuﬁuﬁnnmummumﬂ

= (20x10°m)+ (60x10°m)+ (1 x10°m)
(80.2W/mK) (0.046W/mK) (47.6W/mK)

= 13 mK/W

U = 0.767 Wm'K

¥ Ed b4
Ao A ar

vinavendies¥e N5eE 0.67 m A S m AuRRMmuam Idnngas 27

+ 2707 N 23.86 m’

HNua Q = UAAT
= 0,767 W/m'Kx 23.86 m’ x (392.75 - 308.85)K
= 1.535x10'W
= 5.526x 10" kl/h
. ouailitgaydelsumTsvemtesndo = 7276 x 10" kibatch
Tumsinnudnwesoldgas
Exergy = [1(T/T)]xQ
= [14298.15/308.85)] x (7.276 x 10" kJ/batch)

. o dea o — - w o R
..lﬂﬂ!mﬂiU‘UﬂqwfN‘nu“qtylﬁﬂ1ﬂﬂﬂﬂu3ﬂﬂﬁﬁnam1lmﬂ = 252.07 kl/batch



AMANUIN A

MISAIUMANNIANNTOUS W
a1 adeusumevenimnatils (drain water)

» 4 o o su a & o
nndanieimin 100 g Uszneudao viniu 1.38 g 1 97.5 ¢ siedan 12 g

' 3 S 24 :
asmmnNuANuIBuiume ( Cp) veurhnmlmialdnnaums .1 (Michael, 1990)

(0.5mg, + 0.3m, . . . + m,_ ) x4.18 (kikg®C)

Cp drain water

CP g i [(0.5 x 0.0138) + (0.3 x 0.0112) +0.975] x 4.18

4.118 kikg °C

f.2 anudaudnmizvesdansziles

¥
dansziloadmau 523.8 kg dmlszneunal

MmN a1 Jeyadanlszneuvesanseiles

mamgamdeousuniz
danbszney | vmin(kg) | wedidusmimin o) (Cp: kIeZC)

1. dan 329 62.8 2.1

2. 1iunde 132.3 25.2 41058

3. v 3 0.6 1.93

4. naziloanazeh 59.5 11.4 0.43

39 523.8 100 -
CP rncamea = (CP oy X 2301070 + (Cp 05, X wmiunde) + (Cp ey X watiiuie)

100 100 100

+ (CP psimaassy X NN MAZH)

100
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CP Fiah canne
100 100 100 100
2.835 kJkg °C

Il

dy 3 dl Y o U 4 dl = 1 «5 1 Y o ¥ €Y 14
wnanstluenanshanulidwiunisidnuienisfinuwintu eygrelnhluldusslevdmunisen

lidnsdllas visdu Bnnasnuilvisaudadilen wagdesdndisdivesenaisynasaninisluly
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MANUIN 3

[ a o d o LY 0 v :\' (Y] E Y
iﬂﬁﬂﬁ%ﬂﬂﬂ!ﬂﬂﬂﬂwuﬂﬁ‘]ﬂ5Uﬂ1ﬁu1ﬂ31uiﬂu'ﬂ\1ﬂﬁuuﬂﬂi

¥ t [
nszvunsHanlauwnmesalnivndeussynszilosvesTssnuuvail levis

[ o 9 [ =1 9 ar qy
uveneounazmetuuds wumlszneudlomodu 3 o wazaodou 3 d Sl

Aoy ( Cold stream)

¥ v
o itleuniielevin (Boiler water feed.)

b

1

r o

¥ ¥
9 U4 IS ‘U‘If‘l‘lﬁ'llﬂﬁﬂ (Water for brine preparation.)

b4
L 4

® 11a19nsziles (Can cleaning water.)

150U (Hot stream)

-~
2 f
-~
3 n
P
4 A9 ADUAUIAAINGITIQ (Condensate from exhaust box.)
¥
5 fin AvUAMIAANINNIIBANIUNGD (Condensate from brine heating unit.)
¥
6 A9 ADUIAUIAANINNLIDA U (Condensate from retort.)

¥ [ 4
Tumslinsizrivzdmuald AT, = 10°C uazdmsdinsicvinanua 3 nsd i

UNAIBENMIAMNAUNG 1 #2801 Aaunsdioug 193EnsAnnaru@eriy deyaves

TIVA) LEAIAIAIIIN 9.1

M13197 4.1 Stream and heat loads in fish canned plant

Mass flow Heat Heat capacity
Stream Stream rate capacity flow rate Toan | Tige | Heat load
no. description (kg/h) | (kg®C) | ®is20) | PO | Coy | (kik)
1.cold boiler water feed. 1371 4.176 1.59 30 65 55.65
2.cold water for brine preparation. 730 4.175 0.85 35 40 425
3.cold can cleaning waler. 120 4.178 0.14 25 31 0.84
4 hot condensate from exhaust 25 4.211 0.04 100 40 2.40
box.
5.hot condensate from brine 143 4232 0.17 120 40 13.6
heating unit.
6.hot condensate from retort. 248 4231 0.29 119 40 2291
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® JumauMsnUthveIndsay (Energy target)
1. M3U5ugumgii (adjusted temperatures)

mmsliugungivessuiounazmaeu  TaviSugungivesssiauaans 5°C

ar - o a J o) o o
llﬁ:ﬂiﬂqmﬂﬂUUﬂﬂ\iﬂ'TUlUulWUﬂu 5TCAIRIT N2

MINT 1.2 Joyavesmonnn fkumsiliugumgiiuda

Stream L. T, m.Cp Q

o) °o kw/°C) (kW)
1. cold 35 70 1.59 55.65
2. cold 40 45 0.85 4.25
3. cold 30 36 0.14 0.84
4. hot 95 35 0.04 2.40
5. hot 115 35 0.17 13.6
6. hot 114 35 0.29 22.91

2. m’sm"}whaqmugﬁ (interval preparation)
A o L = ¥ o = 1y @ = o
Wehnsdsugungiudr  hgamgiininldudoudulaozunsy e
guvgiifiyasuAulazyagaevesmeiounas G vamusssugunginniios il
wunn  Taoviagansuaastequugiiidhvane - nsiwSsusrsquugiiszi inawnluugd

] ¥ v
az¥gungiiimelaanlvguugiiiu msniousgungiinasasgili 1.1

Stream mCp Q
No. kW/°C) (kW)
1 £ 1.59 55.65
2 | —> 0.85 4.25
3 —'—.’ 0.14 0.84
4 4 0.04 2.40
5 *l ' 0.17 13.60
6 < o0 2291

30 35 36 40 45 70 95 114 115

UM a1 namamsnSougegungil
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3. mamaugandsnuluudazyaagungil (interval balances)

o o I3 v 1 ay ¥
[ANFURF] m’ﬂ‘]_li UIUNDNTUANNIOUUDILADS T I qmmuh NAUNIT (4.3)

TavdSmannuieoundaay nueds Ysuannudeuiinialusisqunginu

Q = (X(mCp,) Z(mCp)(T,-T,,) (4.3)

»
@

a 3 Ay ) a Y A a 1 a2
Ysnannwiouniisuin nueds Psinuanuieuniiulugisquugin

AN 4.3 PSinamdinuanuieuvswanzyiagungil

At 2(mCp hot) - 2(mCp cold) Q

(°c) (kW/°C) (kW)
115-114=1 0.17-0 017
114-95=19 (0.17+0.29)-0 8.74
95-70 =25 (0.04+0.17+0.29)-0 12.5
70-45 =125 (0.04+0.17+0.29)-1.59 -27.25
45-40=5 (0.04+0.17+0.29)-(1.59+0.85) 9.9
40-36 =4 (0.04+0.1740.29)-1.59 -4.36
36-35=1 (0.04+0.17+0.29)-(1.59+0.14) Fl1.28
35-30=5 0-0.14 -0.7

4. 013N Heat cascading
o b ar ¥ o o a o A = ¥
N3N Heat cascadmg ﬂzﬁﬂﬂu’ﬂgﬂlﬂ“ 2 ﬂﬂ\?lﬂﬂiiu“lﬁu'}unﬁ “]Nﬂ'ju_lmﬂ’nlﬁau
" ad = < ' o Uy a ] o '
‘UBQ‘ﬁ'NQﬂJHQ?JTIfq\:\rﬂf!ﬂﬂﬁgﬂ1ﬂlﬂ11¥ﬂﬁ‘lf33ﬂﬂqQﬂl“{!uiﬂ\iﬁﬁ“] Hﬁﬂﬂﬁﬂ'ﬁﬁ’ﬂzuﬂﬂmﬂm
LR s o : 3 B o VY v ¥ °
1“%3§ﬂﬂ1ﬂ WA1NNI1INT Heat cascadlng ATIN 1 %37”1““5“.lﬂ‘lﬂ']’lllﬂﬂ\’ﬂ‘lﬁﬁ’lqﬂ'llﬂﬁ
a 3 i .. . . A& da = 3 o
1J73J1ﬂlﬂ']1n'5auﬂ-lﬂllﬂ'ﬁQﬂ‘IUﬁﬂﬂ (minimum heatmg requnrement) FINFID 1]51”31?]'31‘1138”1’]

] ¥ .
UAMAAAUIINNGA  WARINAITIN Heat cascading ATIN 1 HARIAIAITIIN .4



[} ¥ [
M3190 9.4 WA INNTIN Heat cascading ATIN 1

AT Q
°0) (kW)
115-114 0+0.17 =0.17
114-95 0.17+8.74 =8.91
95-70 8.91+12.5=21.41
70-45 21.41-27.25 = -5.84
45-40 -5.84-9.7=-15.54
40-36 -15.54 -4.36 =-19.9
36-35 -19.9-1.23 =-21.13
35-30 -21.13+0.7 = -21.83

96

4 1 a1 3 o
INANT199 9.4 92411 1891911 minimum heating requirement 719 21.83 kW 91miuM

¥
5 — o A = = g' ! o = o
heat cascading DNATINUY Tﬁumsmuﬂsmmmm%’ﬂumqﬂmmmmmmﬂmuuﬂnn

NTTUIUMIADINT 71D 21.83 kW HADINNITAIUIMILEAAIRIATTIN 1.5

M3190 4.5 HATINNISI Heat cascading A

» v
@

39N 2

AT Q
°0) (kW)

115-114 21.8340.17 = 22.0
114-95 22.0+8.74=30.74
95-70 30.74+12.5=43.24
70-45 43.24-27.25=15.99
45-40 15.99-9.7 = 6.29
40-36 6.29-4.36 = 1.93
36-35 1.93-1.23 = 0.7
35-30 0.7+0.7=10

] b
1INMING 45 FRgungil 35 - 30°C TuTinunnudeuniiu o kw yaliGenT

pinch point BAUHHINY

o

aa o
35°C uazgunQIRUTYDY

< A
W f

& aa o
® 30°C FIQuuNURUFVed1030U (hot pinch temperature) AD

" _ ;
@0I0U (cold pinch temperature) A9 25°C aziinwABINIIAIA
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¥ '
= < " o A "o @ o ~
voulsununnutunaumasiutiamousnnszuIums e 0 kW aintiunideyana

INNITAIUINYIBONLULLAT DU IWMS AN AouauS oy

a A ¢ - v
® m3ssenuuLIAIBVIEMwBNlasveIgnsatanldaunnuien

(Heat exchanger network design)
A A o = b 4 =
m3eenuULINTOYIEMIFeN lusvesglnsaluanidsuanudouszuoniinsuniiy
2 tu Aie dawmilegungiinusuazdiuldganginuy  udninmssradadumyily

4
Ao [ = oa o" ar
nstiiiuadumilogunginug lasuaassgil 9.2

Above pinch
mCp, < mCp_,
No. m.Cp(kW/°C) Q (kW)
1 0% 136 kW 22.9|k\/\ Mo 088 C 1.59 55.65
Q Q . W/ >
53°C
2 35°C | Vol 409 0.8 4.25
: AN
3 %% /\Ew 31°C 0.14 0.84
A b
4  20°C 100°C  0.04 2.40
E <
5 4AO"C A 120°€C 0.17 13.6
| U/
6 40°C oy 119 °C 0.29 2291
- @)

, ' ; ) .
31 9.2 mevenuuuaievionsiFen Tosvesginsalannlasunnuiou

=] 1 : 1 & o’
nngY 12 mmulddulieaedoun 5 uaz 6 Fuilunsumuaannudeduinnie

vy A o o ' ¥ Var 4 P ¥ ¥ y
HAZHUDNUYD A1UDIAY ﬂ1Ulﬂﬂ?1ﬂ5ﬂu1ﬁﬂUﬂTﬂlUuﬂ 1 Wﬂlﬂuﬁ1ﬂﬂlﬂau1ﬂﬂu71ﬂa'lﬂu1

¥
o_ =

o o 2 & -4 . v o
udr Mmidileundeloihiiguugliuiuein 30°C Wi 53°C Fannsosodszniands

v

slunsdiniwemdieloild  lumsesnuuuinsesionsiven losvesgunsaiiann/dou
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S va 5 a @i 4 4
anudouillannsandwmnuansolunmsihly191dese saiuaodoui 4 Fuiuaeves
4 4 A _— A& ¥ &
AouAULANIN 1 aF BT aeudandsams izl dmveuritisdawaziihgiuila
I ¥ ¥
wawegale e luminsiivaih llaemanudeulimniilounsdelerihlasniswey Taoase

ua Tammsieuenuamalumsiin 111982033 sulunanuan 9.2
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MARUHIN D

msdszanannusamaazdsinaleii

v : k' :
2.1 magmintleuniialein

A : y ¥y o 4 y . & Yo o
131l 9.2 disnpuAuaannuiiedminnde uazndoainge swmanudoulvidini
y : A o e a &
flounsie lerhlasmswaulavasudmuin qunglivenifleunsdeleriuiuiunn 30°c

. »
Ay 53°C mssundsnuilseniald i

n1ng1l 9.2 wasiinanniFlgainaion 4 1z s = 22.91+13.6 kW
= 36.51kW
Ay 1.314x 10"k
Vnaleiflsenialgdmamen

unatlveslerin 166°C = 2764.5 kike
Bualehilseniald - (314x10°)

2764.5
= 47.5kgh
Wsunaituii)sznialddmaunn
fhmm%'am%amﬁ: ( heating value) = 15990 kJ/kg
Pnadtuilszniald — (1314x10°) K1k
15990  kJ/kg
= 82kgh

¥ '
nalumslevdelorihveiufo 15.25 %1 Tug

v
aariulsentanu’ld 8.2 x 15.25

= 125 kg/day
Wusimnlansuaz 0.4 um
Aniuidy 125 x 0.4 = 50 Bath/day
Amiluaoil 50x 317 = 15,850 Bath/yr

ar n‘: @ U ; = 3 L !
muuﬂ's:ﬁumaumwemaﬂﬂ 15,850 el
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R
2.2 mIgmiannsziles

) ¥
wehmssmnih luaaniSine 157.6 kgh  qungil 88.5°C uaznouAUI@AYIN
A = = ﬂ, =
519191/531% 25 kg/h gl 100°C 1A2 92 181 Bul5na 182.6 ke/h

b d t 4
msfwImgunglivenidouliaai

blow down 157.6 kg/h,88.5 °c,.

hot water 182.6 kg/l‘
condensate 25 kg/h , 100°C

>

3UM 2.1 uamsaugauin

auganla
mass input = mass output + mass accumulation
157.6 +25 = 182.6 +0
182.6 = 182.6 kg/h
aTNAANAINY
WALV
Al 20 SR IS 5 0P 22 x AR
= 157.6 x 4.2008 x (88.5 - 25)
= 4204x 10" kJ/h
An incondensate. — T conaensate X €Nthalpy of condensate
= 25x419.04
= 1.047 x 10" kJ/h
WAIUVID0N
AH RO | RS L i T - At
= 182.6 x4.202x (T, - 25)
= 767.28 T, .- (1918 x 10*) ki/h



2H

EH input = output

(4.204 x 10°}+(1.047 x 10%) = 767.28 T

I

(1918 x 10

hot water
T hot water = 93OC
Aari ihdeunlSunw 182.6 kg/h Tgungil 93°C

¥
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¥ Ed ] ¥
nmiminideulSua 1826 kgh gamgll 93°C vwanlasuanudew fni
dwmivdunsziles Ysinm 571.7 kgh gungil 25°C Tasmsldginsaiuanalaouninudow

1 »
(ruudszansnmvesgunsaluann/douniudoumiiu 100%) fmualigangiivenh

] »
foundamsuanilasuanuieunmhdnszileawdligumngd 50°C @wsodmnmum

L

gamgiivenhdmivdrnszilemdwannlasunnuiouuda 18l

water 571.7 kg/h,25°C water 517.7 kg/h
- Heat —>
hot! Water 1826 ¥iyh,03°C | o MARBEELA | g ot water T82:6 kgfa,SOOC

11 2.2 uarasdugaunvesdunsuannlasun nuiou

s =4
augaleuall
s 9
uNnalynn
AH m,water = m water X Cp ‘water X AT
= 571.7x4.178 x (25 - 25)
= 0kJ/h
AH in,hot water = m hot water X Cp hot water X AT
= 182.6 x 4.2044 x (93 - 25)
= 5220 x 10' kJ/h
UNalvIeen

x AT
= 571.7x4.176 x (T

out,water

AH = m_. xCp

water

= 25)

= 2387.42T, .- (5.968 x 104) kJ/h
AH out.hot water = m hot water X Cp hot water A AT

= 182.6 x4.178 x (50 - 25)

= 1.907x 10" kJ/h
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ZH,_. =2ZH_.

0+(5.220x 10") = 2387.42T, - (5.968 x 10") + 1.907 x 10°

T,.. = 388°C

¥
[ o _ o o 3

»
Aniu thdmivdanziles)Sum 571.7 kg/h Tgungii 38.8°C

¥
L] o o

v Ed ¥
dievinhdmsudunszdesiiiniddnseilossuau 523.8 kgh gaingii 73°C il

o ¥ a: 1w (o] a a o
fmualigamgiihdenszdlesviesnviiy 39.4°C gungivesnsziloamdsdiuade

td

awsonum lddail
fish canned 523.8 kg/h;f3°c> fish canned 517.7 kg/h
Cleaning —>
water 571.7 kg/h,38.8°C \i1T/7 water 571.7 kg/h,39.4iC

71 9.3 wamsnugaulavesdIuNIANnIEiles

Qs =y
auqaeunial
ar W
wuNalyu
An in Sk banned T AL XCP ol X AT
= 523.8x2.835x (73 -25)
= 7.128x 10" kJ/h
AH in,water =m water X Cp waler X AT
= 571.7x 4.175 x (38.8 — 25)
= 3294 x 10° ki/h
PUNAYYIPDN

o fidicamet — T o cuined X Dy camiit X AT

523.8x2.835 x (T 1, ., —25)

1485T ., .. —(3.713x 10°)
AH = m

out,water water

XCp e X At
= 571.7 x 4.175 x (39.4 — 25)
= 3.437x 10" kl/h
2H,,. = ZH,,,
(7.128 x 10°) + (3.294 x 10°) = 1485T ., —(3.713 x 10°) + (3.437 x 10°)



103

1.042 x 10°

Il

1485T 1 s — (2760 x 107)
T fish canned = 720C
ﬂ?mm'laﬁyﬁ‘iﬂi:ntTﬂ‘lﬂ";ﬁaqmugﬁﬂmnszﬂmﬁauﬁmﬁaﬁ1n§mﬁ1ﬁu 2%
annsefnau 1§l
1. donseilosidedaoii i1k mmsguiiidinfinu 2040 kebatch lgamqil 71°C
wilfsmaeuwniailvifi
An L . Lo TR ) |

2040 x 2.835 x (71 — 25)

2.660x 10" kJ/batch

] ¥ .
2. damnszilesndrdioihifidiunisguudsuie 2040 kgbatch tgungi 72°C vedl

USnaueunathmnu
AHﬁshmnnad.? 5 mﬁ;meXCPﬁshmed"AT
= 2040 x 2.835 x (72 = 25)
= 2.718x 10° ki/batch
Uhnawdsauilszniald = (2.718x10°) - (2.660x 10°)

-~ 58x10° kJ/batch
v ¥
Aadulsina loimisendaldon
£ v
wuatlveslerigungll 166°C = 2764.5 Kike

e 0’ P ar 3
Usualoindsendala _ (5.8x107)
2764.5

¥y
asiulTmalevimlszndald 10 2.09 kgbatch
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9.3 Msguihdmiviniunde

Ed "
AvuAuaAvINMeAMIINGD USinal 143 kgh gaungil 100°C dininnmomany
o : o o o : A =) B - L] <
fouldtuhdmiudiniundedeiilium 730 kgh gungdi 35°C Tasrimgunsaluanildou

anufou (auuAlilszaninmussginsainannlaounnuioumify 100%) Wedmuald

v
=

» L
QUNNYBINBUAUIAAYIBDNTIRUNAN 40°C  Murumigamglvenhidmiminiundon

[ d' 1 ¥ o d’
wumsuanilaouanudeuldail

water 730 kg/h,35°C water 730 kg/h
> Heat >

exchanger

condensate 143 kg/h,100°(:F condensate 143 kg/h,40°£

Ui 9.4 uassugouInvesdumsuanilasunnuiou

ar =4
augaeuiiol
ouviatlvudy

VLA (P X AT

in.water

730 x 4.175 x (35 - 25)
3.048 x 10 kJ/h

I

AH

=m_ ... % enthalpy of condensate

in.condensate

143 x 419.04
5.992 x 10" kJ/h

o
unalviesn

AH = m, xCp x AT

out,waler ‘water

730 x 4.178 x (T, ., - 25)
3049.94 T, _-(7.625 x 10%)

AH = m, X Cp_, x AT

out,condensate

143 x 4.175 x (40 - 25)
= 8.955x 10" kJ/h
2H = 2H

input output

(3.048 x 10" +(5.992 x 10*) = 3049.94 T___~(7.629 x 10")+8.955 x 10’

water
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1.577x 10" = 3049.94 T

water

T, = 51.7°C
Qs u’r : o as o c’ - s L] = ¥ 9 = a1 W
Aoty hdmsudininndendsnndumsuannasuanuieunds lgamglividiy
P a ¥ s @ > - & &
51.7°C Faansosnamidsuna lsihdmsumsaminnaenlsenda’ld asii

b4 » ¥
L. hdmivviniunaeduduiiliina 730 kg/m gungii 35°C leuviatlmny

730 x 4.175 x (35 - 25)

Hbﬂ'nel

Il

3.048 x 10" kJ/h
o, o ar o : - ci [] o c‘ o & =Y
5 mmmummmaﬂnmuqﬂﬂimunmﬂauummsauuﬁa 13173 730 kg/h Qi
51.7°C tpunathmnu

730x 4.178 x (51.7 - 25)

Il

H brine 2
8.143 x 10*k)/h
Usunamasnundsznda’ld minv (8.143 x 10%-(3.048 x 10°) = 5.095 x 10° kJ/h

¥ "
aatlulSinaleinlszniald 90

¥
wunatlvoslerii 166°C = 2764.5 kirkg
¥ ]
Psnalothifilsendald = (.095xi0°)

) 27645
Usualethndsenda = 1843 keh
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" ¥
M3 2.1 guanianienionweni
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CoefTicient of
Temperature volumetric
—_— thermal Specific Thermal Thermal Absolute Kinematic  Prandtl
t T Density expansion heat conductivity diffusivity viscosity viscosity number
o K
e & (kg/m’) (x10™ VK) (kJ/kg.K) (W/m.K) (x10%m%s) (x10°Pas) (x10°m¥s) Pr
0 273.15 999.9 -0.7 4.226 0.558 0.131 1793.636 1.789 13.7
5 278.15 1000.0 - 4.206 0.568 0.135 1534.741 1.535 114
10 283.15 999.7 0.95 4.195 0.577 0.137 1296.439 1.300 9.5
15 288.15 999.1 - 4.187 0.587 0.141 1135.610 1.146 8.1
20 293.15 998.2 2. 4.182 0.597 0.143 993414 1.006 7.0
25 298.15 997.1 - 4.178 0.606 0.146 880.637 0.884 6.1
30 303.15 995.7 3.0 4.176 0.615 0.149 792.377 0.805 5.4
35 308.15 994.1 - 4.175 0.624 0.150 719.808 0.725 4.8
40 313.15 9922 39 4.175 0.633 0.151 658.026 0.658 43
45 318.15 990.2 - 4.176 0.640 0.155 605.070 0.611 3.9
50 323.15 988.1 4.6 4.178 0.647 0.157 555.056 0.556 3.55
55 328.15 985.7 - 4.179 0.652 0.158 509.946 0.517 3.27
60 333.15 983.2 5.3 4.181 0.658 0.159 471.650 0.478 3.00
65 338.15 980.6 - 4.184 0.663 0.161 435415 0.444 2.76
70 343.15 977.8 5.8 4.187 0.668 0.163 404.034 0415 2.55
75 348.15 974.9 - 4.190 0.671 0.164 376.575 0.366 223
80 353.15 971.8 6.3 4.194 0.673 0.165 352.059 0.364 225
85 358.15 968.7 - 4.198 0.676 0.166 328.523 0.339 2.04
90 363.15 965.3 7.0 4202 0.678 0.167 308.909 0.326 1.95
95 368.15 961.9 - 4.206 0.680 0.168 292.238 0.310 1.84
100 373.15 958.4 7.5 4211 0.682 0.169 277.528 0.294 1.75
110 383.15 951.0 8.0 4.224 0.684 0.170 254.973 0.268 1.57
120 393.15 943.5 8.5 4.232 0.685 0.171 235.360 0.244 1.43
130 403.15 934.8 9.1 4.250 0.686 0.172 211.824 0.226 1.32
140  413.15 926.3 9.7 4.257 0.684 0.172 201.036 0.212 1.23
150 423.15 916.9 10.3 4270 0.684 0.173 185.346 0.200 1.17
160 433.15 907.6 10.8 4285 0.680 0.173 171.616 0.191 1.10
170 443.15 897.3 11.5 4.396 0.679 0.172 162.290 0.181 1.05
180 453.15 886.6 12.1 4.396 0.673 0.172 152.003 0.173 1.01
190 463.15 876.0 12.8 4.480 0.670 0.171 145.138 0.166 0.97
200 473.15 862.8 135 4.501 0.665 0.170 139.254 0.160 0.95
210 483.15 852.8 14.3 4.560 0.655 0.168 131.409 0.154 0.92
220 493.15 837.0 152 4.605 0.652 0.167 124.544 0.149 0.90
230 503.15 827.3 16.2 4.690 0.637 0.164 119.641 0.145 0.88
240 513.15 809.0 17.2 4,731 0.634 0.162 113.757 0.141 0.86
250 523.15 799.2 18.6 4.857 0618 0.160 109.834 0.137 0.86

1 : Aanasnn Raznjevic (1978)
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Types Unit kcal/unit  Toe/10°unit  MJ/unit 10" Btw/unit
Modern energy .
_ litre 8680 860.00 36.33 34.44
. Crude oil litre 7900 782.72 33.07 31.35
2. Condensate
3. Natural gas scf. 248 24.57 1.04 0.98
3 Wet scf. 244 24.18 1.02 0.97
32 Dry
4. Petroleum products litre 6360 630.14 26.62 25.24
4.1 LPG " litre 7520 745.07 31.48 29.84
4.2 Gasoline litre 8700 861.98 34.53 34.52
4.3 Diesel litre 9500 941.24 36.42 37.70
4.4 Fuel oil kWh 860 85.21 3.60 3.41
5. Electricity kg. 6300 624.19 26.37 25.00
6. Coal kg. 6600 653.92 27.63 26.19
7. Coke
Renewable energy
1. Fuel wood kg 3820 378.48 15.99 15.16
2. Charcoal kg. 6900 683.64 28.88 27.38
3. Paddy husk kg. 3440 340.83 14.40 13.65
4. Bagasse kg. 1800 178.34 7.53 7.14
5. Garbage kg. 1160 114.93 4.86 4.60
6. Saw dust kg. 2600 257.60 10.88 10.32
7. Agricultural waste kg. 3030 300.21 12.68 12.02

1 : daw)asen TeFalne mayse.(2543)
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Specific volume (m’/kg) Enthalpy (kJ/kg) Entropy (kJ/kg.K)
Vapor Saturated
Temperature pressure Saturated Liquid vapor Saturated

(°C) (kPa) Liquid vapor (H.) (H,) Liquid vapor
0.01 0.6113 0.0010002 206.136 0.00 2501.4 0.0000 9.1562
3 0.7577 0.0010001 168.132 12.57 2506.9 0.0457 9.0773
6 0.9349 0.0010001 137.734 25.20 2512.4 0.0912 9.0003
9 1.1477 0.0010003 113.386 37.80 25179 0.1362 8.9253
12 1.4022 0.0010005 93.784 50.41 25234 0.1806 8.8524
15 1.7051 0.0010009 77.926 62.99 25289 0.2245 8.7814
18 2.0640 0.0010014 65.038 75.58 25344 0.2679 8.7123
21 2.487 0.0010020 54.514 88.14 2539.9 0.3109 8.6450
24 2.985 0.0010027 45.883 100.7 2545.4 0.3534 8.5794
27 3.567 0.0010035 38.774 113.25 2550.8 0.3954 8.5156
30 4.246 0.0010043 32.894 125.79 2556.3 0.4369 8.4533
33 5.034 0.0010053 28.011 138.33 2561.7 0.4781 8.3927
36 5.947 0.0010063 23.94 150.86 2567.1 0.5188 8.3336
40 7.384 0.0010078 19.523 167.57 25743 0.5725 8.2570
45 9.593 0.0010099 15.258 188.45 2583.2 0.6387 8.1648
50 12.349 0.0010121 12.032 209.33 2592.1 0.7038 8.0763
55 15.758 0.0010146 9.568 230.23 2600.9 0.7679 7.9913
60 19.940 0.0010172 7.671 251.13 2609.6 0.8312 7.9096
65 25.03 0.0010199 6.197 272.06 26183 0.8935 7.8310
70 31.19 0.0010228 5.042 292.98 2626.8 0.9549 7.7553
75 38.58 0.0010259 4.131 313.93 26353 1.0155 7.6824
80 47.39 0.0010291 3.407 334.9] 2643.7 1.0753 7.6122
85 57.83 0.0010325 2.828 3559 2651.9 1.1343 7.5445
90 70.14 0.0010360 2.361 376.92 2660.1 1.1925 7.4791
95 84.55 0.0010397 1.9819 397.96 2668.1 1.2500 7.4159
100 101.35 0.0010435 1.6729 419.04 2676.1 1.3069 7.3549
105 120.82 0.0010475 1.4194 440.15 2683.8 1.3630 7.2958
110 143.27 0.0010516 1.2102 461.3 2691.5 1.4185 7.2387
115 169.06 0.0010559 1.0366 482.48 2699.0 1.4734 7.1833
120 198.53 0.0010603 0.8919 503.71 2706.3 1.5276 7.1296
125 2321 0.0010649 0.7706 524.99 2713.5 1.5813 7.0775
130 270.1 0.0010697 0.6685 546.31 2720.5 1.6344 7.0269
135 313.0 0.0010746 0.5822 567.69 2727.3 1.6870 6.9777
140 316.3 0.0010797 0.5089 589.13 2733.9 1.7391 6.9299
145 4154 0.0010850 0.4463 610.63 27403 1.7907 6.8833
150 475.8 0.0010905 0.3928 632.2 2746.5 1.8418 6.8379
155 543.1 0.0010961 0.3468 653.84 27524 1.8925 6.7935
160 617.8 0.0011020 0.3071 675.55 2758.1 1.9427 6.7502
165 700.5 0.0011080 0.2727 697.34 2763.5 1.9925 6.7078
170 791.7 0.0011143 0.2428 719.21 2768.7 2.0419 6.6663
175 892.0 0.0011207 0.2168 741.17 2773.6 2.0909 6.6256
180 1002.1 0.0011274 0.19405 763.22 2778.2 2.1396 6.5857
190 1254.4 0.0011414 0.15654 807.62 2786.4 2.2359 6.5079
200 1553.8 0.0011565 0.12736 852.45 27932 2.3309 6.4323
225 2548 0.0011992 0.07849 966.78 2803.3 2.5639 6.2503
250 3973 0.0012512 0.05013 1085.36 2801.5 2.7927 6.0730
275 5942 0.0013168 0.03279 1210.07 2785.0 3.0208 5.8938
300 8581 0.0010436 0.02167 1344.0 2749.0 3.2534 5.7045

ﬁlﬂ : aadagnin Keenan LazANUY (1969)
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Specific heat
Food Temperature (kJ/kg.K)

Water 59 °F 4.18
Ice 32°F 2.04
Water vapour 212 °F 2.05
Air -10 °F to +80 °F 1.00
Copper 20°C 0.38
Aluminium 20°C 0.89
Stainlees steel 20°C 0.46
Ethyl glycol 40 °C 221
Ethyl alcohol 0°C 2.24
Glycerol 18-15°C 243
Oil, maize 20°C 1.73
Oil, sunflower 0°C 1.86
Oil, sunflower 20°C 1.93
Apples (84.1% moisture content) Above freezing point 3.59
Apples (84.1% moisture content) Below freezing point 1.88
Potatoes (77.8% moisture content) Above freezing point 3.43
Potatoes (77.8% moisture content) Below freezing point 1.80
Potatoes, dried

(77.8% moisture content) 1.85
Lamb (58.0% moisture content) Above freezing point 2.80
Lamb (58.0% moisture content) Below freezing point 1.25
Cod Above freezing point 3.76
Cod Below freezing point 2.05
*Mackerel (57% moisture content) Above freezing point 2.77
*Mackerel (57% moisture content) Below freezing point 1.55
Milk (87.5% moisture content) Above freezing point 3.89
Milk (87.5% moisture content) Below freezing point 2.05
Soya beans (8.7% moisture content) 1.85
Wheat (10.0% moisture content) 1.46-1.80

131 : Michael, J.Lewis. (1990)

*Fredrick, W. Wheaton and Thomas, B. Lawson. (1985)
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Sp Gr Degrees Degrees Pounds % salt Freezing Specific Heat
at 4°C Baume at Salometer of salt weight Point kl/kg°C
15.6°C at 15.6°C per ft’ 9
1.007 1 4 0.628 1 0 4.153
1.015 2 8 1.264 2 -1.7 4.119
1.023 3 12 1.914 3 2 4.086
1.030 4 16 2:573 4 -3 4.052
1.037 5 20 3.238 5 -4 4.019
1.045 6 24 3912 6 -4 3.960
1.053 74 28 4615 7 -5 3.901
1.061 8 32 5.295 8 -6 3.847
1.068 9 36 5.998 9 -7 3.788
1.076 10 40 6.709 10 -7 3.734
1.091 12 48 8.618 12 -9 3.659
1.115 15 60 10.389 15 -11 3.579
1.155 20 80 14.421 20 -14 3.470
1.187 24 926 17.772 24 -17 3.328
1.196 25 100 18.610 25 -18 3.278
1.204 26 104 19.522 26 -17 3.227

nn George D. Hayes.(1987)
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ABSTRACT

A canned food factory located in the southeast of Thailand has been chosen to perform the analysis of energy
utilization based on the first law of thermodynamics and the exergy concept. The plant of this case study has
four main units, i.e., boiler unit, exhausting unit, brine heating unit and retort unit. From the analysis, the
efficiency (based on the 1* law and exergy) of the retort unit is the best and the worst one is boiler unit.
Furthermore, we have examined the water usage of this plant and we found that there was a significant
useless discharge. We then try to adopt the pinch technology to look for the saving possibility of the water

utility.

Keywords: Pinch , exergy analysis, canned food

INTRODUCTION

Energy balance is the important concept for
performing analysis. In our case, energy is
thermal energy, hence we decided to use enthalpy
to perform the analysis. The efficiency and loss
of each unit can be evaluated from performing
enthalpy balance. Its efficiency is given by
enthalpy output of the main product divided by
summation of the enthalpy input. The difference
between input and output will be called as loss.

Exergy analysis, derived from both the first and
the second law of thermodynamics, provides an
energy quality measure in which permits the
evaluation of the most effective use of energy.
Application of exergy analysis of food processing
plant has been reported since the early 1980s. For
example, exergy analysis concept was applied for
tomato paste plant [1], milk processing system
[2], as well as for food industry in Thailand [3].

’ Corresponding author: Phone: +66 2326 4091
Fax:+66 2326 4091 Email:ktruchir@kmitl.ac.th
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Nowadays, the Thai major products are
agricultural products such as rice especially
Jasmine rice (long grain having a very good
smell) and processed food products. In the past
few years, the government has put a great effort to
drive the country’s economy by supporting the
dominant industrial sector. When we look at the
percentage of energy usage of each sector in our
country as shown in Figure 1, the food and
beverage sector is rather high as compared to the
others [4]. Figure 2 shows the export value of
some sectors and the processed/canned food
industry has a high export value among textiles,
jewelry and so on [5].

This work i1s motivated by the economic crisis
situation of our country. We want to encourage
the enterprise sector to run the plant as efficient as
possible. Sometimes, the factory staffs do not
realize how valuable the resources are. At least,
the opportunity of improving the plant facility



especially the water utility can be pointed out by
implementing pinch technology [6].
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Figure 1: Energy consumption of some
sectors in Thailand
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Figure 2: Export value of some sectors

CANNED FOOD PROCESS DESCRIPTION

Figure 3 shows the process description of our case
study. The plant comprises of four main units
namely the exhausting unit, the brine heating unit,
the retort unit and the boiler unit from which
produces steam for those three units. However,
the condition of steam in each unit is different.
That is, steam pressure in the exhausting unit, the
brine heating unit, and retort unit are 1, 1 and 6
atm, respectively. We should focus at those four
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117

main units and perform the energy (enthalpy will
be used here) and exergy analysis for each unit.

Canned fish process is as follows: raw material is
mackerel. The fish heads are removed / cut off
before filling into the cans. Then they are semi-
cooked and softened in the exhausting unit by
steam. The cans are decanted, filled with the
warm (73 °C) brine solution and seamed. Finally,
they are brought into the retort unit for
sterilization. The time in this unit is about 79
minutes per batch, including cooling time period
to 38 °C. The cans are then air-dried using
ventilation before proceeding to the warehouse.

Fish & can Exhﬂu..sting 379 kg/h Filli!‘lg @
unit
X X
@ -
* Brine heating
: unit Retort
L il | T
down B01I.er /Y | }
watg— P it bi T sy O
A (1): v
: Product
Fuel (wood)

______ Water stream (1)-(6)

Figure 3: Canned food process description

ENERGY AND EXERGY
THE PLANT

ANALYSIS OF

To perform the energy and exergy analysis, data
are essential. Table 1 shows the sources of data
for boiler and exhausting units. The data are
obtained from three different sources, ie., (1)
direct measurement, (2) equipment gauge and (3)
calculation. For the brine heating unit and retort
unit, the data can be also obtained in a similar
manner.

The calculation was made using the concept of
enthalpy and exergy balances as in Reference [7].
The basic equations are as follows:

Z(Energy input) = X (Energy storcd)

+ Z (Energy output) (1)



Z(Exergy input) = X (Exergy stored) +
X (Exergy output)+lrreversibility (2)

Item Unit Data Sources
Boiler unit
Fuel (wood) kg/h 530 [§)]
Flue gas kg/h 3250 3)
Water feed
Mass kg/h 1371 3)
Temp °c 30 (n
Steam
Mass kg/h 1213 (3)
Pressure atm 6 (2)
Temp °C 166 (2)
Blow down kg/h 157.6 (3)
Exhausting unit
Fish input
Mass kg/h 361 (1)
Temp °c 15 (4}
Fish output
Mass Kk 329 N
Temp ogéh 79 (1)
Can input
Mass kg/h 50 3)
Temp °c 15 n
Can output
Mass K 50 (3)
Temp ogéh 79 n
Steam &condensate
Mass kg/h 30 (n
Temp °G 166 (2)
Surface Temp e 35 (1)

Table 1: Sources of data

Enthalpy and exergy analysis of the boiler unit

This unit uses wood as fuel. Table 2 and 3 show
the list of input and output items for both enthalpy
and exergy analyses. The energy efficiency from
enthalpy analysis is 39.46 % whereas the blow
down and flue gas are 1.14 and 8.01 %,
respectively. The loss is 51.39 % (difference
between enthalpy input and output). The exergy
efficiency is 12.14 %, which is considered as low
efficiency, and its irreversibility is 81.69 %.

To improve the efficiency, few choices should be
taken into consideration such as improving the
heat combustion of the fuel by looking for a better
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source, reducing the loss by increasing the
enthalpy of water input, etc.

En En
input kJ/hr % output kl/hr %
Water | 2.863x10° [ 034 | Stcam | 3.355x10° | 39.46
Fuel 8.474x10° | 99.66 | Blow 9.669x10* 1.14
wood down
Fluegas | 6.816x10° 8.01
Loss 4.370x10° | 51.39
Total Total
input 8.503x10° | 100 | output 8.503x10° 100

Table 2: Enthalpy analysis of boiler unit

Ex Exergy
input kJ/hr % output kJ/hr %
Water 472.21 0.00 | Steam 1.077x10° | 12.14
Fuel 8.871x10° | 100.0 | Blow 3.104x10* | 035
wood Down
Fluegas | 2.777x10° 3.13
Loss 2.383x10° 2.69
Irrev 7.247x10° | 81.69
Total Total
input 8.871x10° | 100 | output 8.871x10° 100

Table 3: Exergy analysis of boiler unit

Enthalpy and exergy analysis of the exhausting
unit

Table 4 shows the enthalpy analysis of this unit.
The fish (15 °C) is fed to the unit. So, the
enthalpy input of this item becomes minus value
since the reference temperature is 25 °C. The
enthalpy output of the product is about 81.40 % of
the total input, including can (1.61 %), fish (67.7
%), drained water (9.84 %) and some condensate
from the steam (2.27 %). The useless discharge
condensate is quite high as 1442 %.
Furthermore, the plant has no plan to reuse this
condensate. We will apply the pinch concept to
analyze the water utility in the last section of this
work.



Table 5 shows the exergy analysis of the
exhausting unit. The exergy efficiency is 33.64 %
and its irreversibility is 58.19 %.

En En
input kJ/hr % output kJ/hr %
Canned | -1.022x10* | -14.05 | Canned | 5.919x10* | 81.40
fish | -9.999x10° | -13.75 | fish 4.921x10* | 67.68
can 22175 -0.29 can 1.174x10° | 1.61
drain 7.157x10° | 9.84
Stcam | 8.293 x10* | 114.05 | cond 1.653x10° | 227
Cond 1.048x10* | 14.42
Loss 3.040x10° | 4.18
wall 1.427x10° 1.96
other 1.613x10° | 2.22
Total 7.271x10* 100 | Total 7.271x10° 100
input output

Table 4: Enthalpy analysis of exhausting unit

Exergy Excrgy
input kJ/hr % output kJ/hr %
Canned 354.5 1.30 | Canned | 9.076x10° | 33.64
fish 347.0 1.27 fish 7.546x10° | 27.97
can 7 d 0.03 can 180 0.67
drain 1.097x10° | 4.06
Steam 2.663 x10* | 98.70 | cond 2535 0.94
Cond 2.106x10° | 7.80
Loss 101.5 0.37
wall 47.6 0.18
Irrev 1.570x10* | 58.19
Total 2.698x10° 100 | Total 2.698x10* 100
input output

Table 5: Exergy analysis of exhausting unit

Enthalpy and exergy analysis of the brine
heating unit

Table 6 shows the result of enthalpy analysis of
this unit. The brine solution is heated (from 35 °C
to C) by the steam inside the steam jacket around
the brine tank. The condensate is also discharged
without recycle. The enthalpy of this condensate
is 16.90 % of the total enthalpy input. This unit
has the energy efficiency at 47.68 % whereas loss
is around 35.42 % (loss from wall 15.84 % and
other 19.58 %)

1524

119

Table 7 shows the result of exergy analysis. The
exergy efficiency is around 28.77 % whereas its
irreversibility is 41.38 %.

From the analysis, we should focus on the
condensate stream which will be labeled as stream
No. 5 for further investigation.

En En

input kJ/hr % output kJ/hr %

Brine | 3.079x10° [ 7.22 | Brine 2.032x10° | 47.68

Stecam | 3.953x10° | 92.78 | Cond 7.203x10* | 16.90

Loss 1.509x10° | 35.42

wall 6.748x10* | 15.84
other 8.342x10* | 19.58

Total Total

input | 4.261x10° | 100 | output 4.261x10° | 100

Table 6: Enthalpy analysis of brine heating unit

Ex Ex
input kJ/hr % output kJ/hr %

Brine 999.19 0.78 | Brine 3.683x10° | 28.77
Steam | 1.269x10° | 99.22 | Cond 1.740x10* | 13.59
Loss 2.081x10* | 16.26
wall 1.592x10* 12.44
Irrev 5.296x10" | 41.38

Total Total

input 1.280x10° 100 | output 1.280x10° 100

Table 7: Exergy analysis of brine heating unit

Enthalpy and exergy analysis of the retort unit

Table 8 and 9 show the results of enthalpy and
exergy analyses of the retort unit. The efficiency
(from enthalpy analysis) is 30.94 % and its loss is
27.67 %, while its exergy efficiency is 25.20 %
and its irreversibility is 37.62 %.

To evaluate how efficient the process or the
equipment is, we should examine both the first
law of thermodynamics and the exergy concept in
order to compare those efficiencies. In the case of
the retort unit, we can conclude that this unit has
the highest efficient energy use in this plant.



Figure 4 shows the percentage of enthalpy
efficiency, exergy efficiency and irreversibility of
those four main units. The boiler unit is the worse
one since the enthalpy efficiency (1* law
efficiency) and the exergy efficiency are very
different and its irreversibility is quite high. This
graph depicts the proportion of three items quite
clear.
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0O 1st law efficiency
H2nd law efficiency

W irreversibility

percent(%)

En En .
input kJ/batch % output kl/batch %

Canned | 2.660x10° | 1530 | Canned | 5.378x10° | 30.94

Steam 1.472x10° 84.70 | Steam 5.561x10° 31.99
Cond 1.633x10° | 9.40
Loss 4.810x10° | 27.67

wall 7.009x10° | 0.40
other | 4.740x10* | 27.27

Boiler unit Exhausting Brine  Retort unit
unit heating
unit

Total Total
input 1.738x10° | 100 | output | 1.738x10° | 100

Figure 4: Energy and exergy analysis
of four main units

Table 8: Enthalpy analysis of retort unit

IMPLEMENTING PINCH TECHNOLOGY
TO WATER UTILITY

Table 10 shows the conditions of six streams, i.e.,
three cold streams (No. 1-3) and three hot streams

Ex e d 3 Ex o R J (No. 4-6). The description of each stream is
t 1( o ut atc . o . 8.
o e P 8 mentioned. Ts is the existing temperature of each
Canned | 3.560x10° | 7.01 | Canned | 1.279x10° | 25.20 stream.  We will investigate three cases by
impl ting the pinch concept in the nex
Steam 4.726x10° | 9299 | Steam 1.333x10° | 26.23 mp_emen g P 2 3 € next
section.
Cond 3.914x10* | 7.70
Loss 1.666x10* 3.28 Stream Stream m cp mcp Ts
wall 242.82 0.13 No. description kgh | klkg | kiisC | °C
°C
Irrey 1.912x10° | 37.62
1. Cold | Water for brine 730 4.175 0.85 35
Total Total preparation
input 5.082x10° | 100 output 5.082x10° | 100
2.Cold | Can cleaning 120 4.178 0.14 25
water
Table 9: Exergy analysis of retort unit 3.Cold | Boiler water feed | 1371 | 4.176 | 159 | 30
4. Hot Condensate from 30 4.211 0.04 100
cxhaust box
5. Hot Condensate from 143 4.232 0.17 120
Brine heating unit
6. Hot Condensate from 248 4.231 0.29 119
retort

Table 10: Stream description of this plant
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Case 1: By varying temperature of No.3

Stream No. 3 is the water for boiler feeding and
its temperature (Ts) is 30 °C. If we heat this
stream up to several target temperatures (Tt)
(from 30 °C to 45°C/ 50°C/ 55°C/ 60°C/ 65°C) by
receiving heat from other three streams (No. 4-6),
how much hot utility will be required. The effect
of heat release by different hot streams being
cooled down to 40°C is plotted in Figure 5 as well
as several conditions as shown in Table 11.

From Figure 5, the amount of hot utility
requirement will be linearly increased when the
target temperature of stream No. 3 is increased.
We can observe from this graph that at the target
temperature is low, at 45 °C and 50 °C, no hot
utility needs to be added. This indicates that we
can use heat from the condensate of this process
to warm up the water feed to the boiler.

Stream Ts Tt

No. | (°C) &Y

1. Cold 35 40

2. Cold 25 31

3. Cold 30 45/ 50/ 55/ 60/ 65

4. Hot 100 | 40 45 50 | 40
5. Hot 120 | 40 45 50 |45
6. Hot 119 | 40 45 50 50

Table 11: Data of case study |

70 e N A
60 -
5
~ 50 4
; |
——T14,5,6-4040,40C |
40 + ——THd,5,6-45 45 45C |
—&—T4,5,6-50,50,50C |
—%—Tt4,5,6=40,45,50C |
30 T T - . .
-20 -10 0 10 20 30
Hot utility (kW)

Figure 5: Hot utility and target temperature
of case 1
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Case 2: By fixing AT of hot stream

In this case, AT (= Tt — Ts) of three hot streams
(No. 4-6) is set to be 30, 40, 50, 60 and 70
whereas the condition of stream No. 3 is varied
similar as of case 1. The data are shown in Table
12. The result of calculation is shown in Figure 6.
From this figure, the higher the AT is, the higher
the hot utility is. We can find a suitable condition
to operate this plant by using this figure as a
guideline.

Stream Ts Tt
No. | Q) (W)
1.Cold | 35 |40
2.Cold | 25 |31
3. Cold 30 | 45/50/55/60/65
4. Hot 100170 [60 [50 [40 30
5. Hot 120 | 90 80 70 60 50
6. Hot 119 | 89 79 69 59 49
Table 12: Data of case study 2
70
60
3)
VEnS0 Y
=
—e— DT 4,5,6=30C
40 T ——DT 4.5.6"'=40C
—A— DT 4,5,6=50C
—¢—DT 4,5,6-60C
—¥— DT 4,5,6=70C
30 ‘ ‘ r ‘
-10 0 10 20 30 40 50
Hot utility(kW)

Figure 6: Hot utility and target temperature
of case 2

Case 3: By varying temperature of No. 1

In this case, stream No. | is varied and the hot
stream conditions are the same as of case 1. The
data of are shown in Table 13. The result is in
line with case 1 and 2. That is, when target
temperature is increased, the requirement of hot
utility is increased as well (Figure 7).



From all cases, we can find the possibility of heat
recovery from the hot stream which depends on
the plant operational choices.

Stream Ts Tt
No. O (W)
1. Cold 35 40/45/50/55/60/65
2. Cold 25 31
3. Cold 30 50 .
4. Hot 100 | 40 |45 50 |40
5. Hot 120 | 40 | 45 50 |45
6. Hot 119 |40 | 45 50 |50
Table 13: Data of case study 3
70
60
3)
= 50 1
=
=—— TH.5,6=40,40,40C
40 —— TH,5,6=45,45,45C
—a— TH.5,6=50,50 50C
—¥—TH.5,6=40 45 50C
30 T T
-10 0 10 20 30
Hot utility(kW)
Figure 7: Hot utility and target temperature
of case 3
CONCLUSION

The thermal energy of the four units in the canned
food process is analyzed by enthalpy and exergy.
The retort unit is considered as the best unit in this
plant since the difference among its enthalpy
efficiency and exergy efficiency is quite low
(3094 % and 252 %). Furthermore, its
irreversibility is also low as 37.62 %. The boiler
unit is the worse one. The condensate from the
brine heating unit is the stream that the plant
should have a recovery both for enthalpy and
water usage. The water for boiler feed also can be
warmed up using the waste heat of the condensate
streams.
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