AMsAnEsTULUNUA lauAtuLduLiNa tg Tunisuan latrd nsulseenu

Qﬂﬁﬂ%ﬂiiﬂLﬂﬁ‘ﬁﬂ’lﬂﬂaﬂﬁ

STUDY OF STEAM CONDENSATION TREATMENT SYSTEM TO GENERATE STEAM
FOR MEDIUM-SIZED PETROCHEMICAL PLANT

a o 4 =
anuuN #Aen

APINAN SEEKHIEO

¥

a a s & ' = = o a
WentinusiiludiunilevanisfinenunangnsuTeynyn

a

AAINITUANAATUNRIU U
d1v13v3dnssuininuazneuimes
AMZAAINTTUANENS
aotumalulagnszaaunaiinauninsainnszds
W.A. 2566
KMITL-2023-EN-M-027-158



STUDY OF STEAM CONDENSATION TREATMENT SYSTEM TO GENERATE STEAM
FOR MEDIUM-SIZED PETROCHEMICAL PLANT

APINAN SEEKHIEO

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF ENGINEERING ELECTRICAL AND COMPUTER ENGINEERING
SCHOOL OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2023
KMITL-2023-EN-M-027-158



COPYRIGHT 2023
SCHOOL OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



indaIngndnwus msaEnwszuvinUatetnaruwuitelylunisudnlatndvsulssnu

E;Glﬁ’]ﬁﬂ'ﬁiﬂl,ﬂﬁ‘du']ﬂﬂa']ﬂ

UnAnen weeAtun 20
U0 64601168

Usyayn FrINIsuFAER TUNU TN
#1013 Jnssulivhuazaeufinmes
N.A. 2566

219159NUSNW N TNUS  NA.A5. 8378 555U IRILY

UNANED

Tulssnugaamnssuiaiiawadnuazruanatstaszmelne Tnoamglssuidanielu
fnugaavnssuiad finsteduiolsdmiunanlatangs e meueniiteasarusnlaie
wanloth uay ifeledflauanfinnsaauuunfiagyinisuisusnysisung 99N IRTIRAEUNYIY
13;'1‘1'71'1/‘1’1maﬂwﬂ’mﬁmé’wﬂ%&muﬁau am'rsaam(?{uv!umﬂﬂﬁflmisﬁamﬂémamsuaﬂLﬁauﬂ%ﬁwm

Inendnusatuitiauodomsfiney/uiulgenmunminietnndvalesulvlaos i zan
pensaTLIETR IR DY LﬁaﬁﬂﬂﬁmsamgunumsﬁﬁLﬁumsmaﬂiwm gunInmdniidl
arusdusumagtidaindasussneusis fdesigngmuamii, gunsamuaNnTINuEos,
szuuhdneendlaunarssuuuiuamamndunse/an eleluasindaiasnsnuausyuuyiuu

Aunmnesdiielvlunsmdaletnlafiyaaailenuas



Thesis Title Study of Steam Condensation Treatment System to Generate Steam for

Medium-Sized Petrochemical Plant

Student Mr. Apinan Seekhieo

Student ID. 64601168

Degree Master of Engineering

Program Electrical and Computer Engineering

Year 2023

Thesis Advisor Asst. Prof. Dr. Sirichai Tamsmmaruckwattana
ABSTRACT

In Thailand's petrochemical industrial estate which has a small or medium-size plant,
boiler feed water is bought from the external boiler feed water provider to use in an incinerator
to make steam for plant use, and the steam condensate water that comes after the incinerator
process is sold back to the provider as well. The cost gap between bought water and sold
water is considered a waste since the income gained from selling post-boiled water is less
than expenses from bought water. In this thesis to improve the steam condensate water
quality and reuse the water has been proposed. This application is to be considered to build
the steam condensate treatment unit for treating water potential to reduce the overall
operation cost (OPEX). The online analyzer is being used to control the chemical dosing
package via a plant control system to check the quality of water and treat it in real-time so

the water can be reused.
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sUaziden Fan1viualanu
VOWVRINTIINITIA \eldengunsaimizauiunauiRvesans
AT UNNUTIDURTE NunTimudesinnssItnavesansnaansaseiinuay

Al gUnsumensesamnsaUasiunssslndmsy

T5997udlnsuAil

gaumniivesilugaiinsin gaumgingninnesdinsuasinmumszderudululan

syvurhanudueafienudnduiedaenenslvnuves

sesledn

AU musdlussuuiiodendnuasnsing

Sy oufterunssuuaun elmmnziussuuiiaglaluniseunn (4-20mA uaz
PIneq)

A A

st muenmatAnay Teasdeaveasosllondndudmsvlelumsauazmunussuy
USuugnanminiulssudinsiedvuinnans d5eseisuniifmaludl

1) sadininusinaeandiauiazaisluun

mﬂmiaaﬂLLUUizUUﬁ@T@ﬂﬁmsi’mLLazmu@uﬂ%mmaqaaﬂ%muﬁazmaaaﬂuﬁmsﬁa
nawlosiu [2] nisazansveseendiaulutidusudfmmuamuoninuduesils Sddunmseeniuy
svuunanlanivaslsinuiinisimuausinavetesndiauiiazarslul agﬁlmﬁu 0.01 ppm oy
Fafimstmunnadnuzdowmurenaiesdodmiuns sl

Tunsfnunsnsasdenvesiasailetausinumsaraisvateandauluveanastuil
vodungio srunmstaiilrlunismuauaisiassnariisensulunslanuastafiolmuulanmsta
LayAUANTIAAINZaN, AMUNAIEINT T ﬁmmfﬁwL{‘]uaéflqmﬂLwmﬁwiﬁLLﬂal@?ﬁw%auuaﬁlﬁTm
gnaTedsussmaliowarasaiUieuiisuiumasainlimsuisuaimivesteyantsin Lite
Uuaitomainansiailuszuy war Weinnsanaauaaaedeusenaniauuiieiieves
mMyinuazmunuvasszuLlnTviel

13T NTINAIENNSUABEYDLNAINIULAT 9L BB InA1US U B NTL AU azane Tyl

' ' ' '
o aaa v A o

Famiinlaazulsiulumunseualivnviufisenduvesvan wethafiinesneiliesnlylunis

fnsaauautinazilssuiisuiuns el dlyey ludagtu Inedygiauazgungdavnas



wangaLAI psuanINanIsazatsveteandiaulureuvalaneadufiaines (Local Indicator) e
Tydwiunisangaungilussuunaedy dedanudndulunisdaegnislysmuvenedesdedilyly
sruuUiuupnuamiielslunissdaleth uarluligtuadosdioamnsolserulalursgumgil
\iu 50°C ﬁaﬁumiﬁﬂﬁqm%aﬁai’mﬁw?%miﬁﬁmshufwmmmi’maaﬂmmauaﬂ%v‘hmiaﬂ
snmgiiveanadnauynsinan Tnefinuadivesaieaiiodasa mesi 2.2

A13199 2.2 AaandRlewmureeseasiiaTausunaeandiauiazangluth

gazdYn AAMENUR
g1un153n 0 - 50 ppb (81un15AUAN 0 = 0.005 ppm)
MIIUNNUNTURTIY funANNdsINsHlvaveseniansasulauashnlngunsn

PenaesausavasnumMssEilnd vsulsaudlnsadl

Youvafinesnsin Tudelranten
onungivenilugaivhms i 105 = 130 °C
erduvestilugaiivinn s 2 - 3.5 Kg/cm?
AULIAINTIA (Response time) 30 sec. / Continuous
APHAAALAZEUY +/- 2% of Full scale
é’zymmﬁam%ﬁxwmuau 4-20 mA
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gUnIalnT ey gUNIalNT IRy gunsalinA /e’
dadeyaynd (Ex type) dadeyyns (Panel type) IUINLDNTLIU

UM 2.4 seggunsainsiendinuesndiauluaisazangluszuy

2) wsediininrAnudunse/anauseii

AuauTRos1wmilsfiddy wazneslasunismvaude ataudunsa/aisvesin
[6] ws1zAmauURveInudunsa/a19uesiniminganiy nesludaudunsa/ang 4
Auld Aegdnandanisdansendanaunsaniglussvuntanulowr/niun feluyewesan

AT UNIA/N19T89UT AINNINTFIUTVDIUIATILTAIT LNLIZEL FI91NN15ANYIALAI LA

Jeveyavedtsudlaneddnismnunaianudunsa/a1avesinly Mv39a7 pH 8.5-9.5

)]

v
[

ay dinsmruaauanyMeLl 09N UYBRATBINBNITINATNAITIN 2.3

M50 2.3 aaanifilewnuveaasasfiaiananudunsa/anses

EUUEHREL ARaENUR
gIUNTIN pH 0 - 14 (7UM3PUAN 7.5-9.5)
AT UNNUTIDURTE Nunflenudssinnisialvavesasianunsassilnuazin

Il gUnsuiiidennesaiuisalesiunisssidadnsy

Tsnudlasall
Youvafinesnsin ihilelednleth
onungivesilugafvhmsin 105 - 130 °C
Amiuvestilugaiviin s 2 - 3.5 Kg/cm?
AUNAIUBINITIA 30 sec. / Continuous
APLARILAROY +/- 0.2 pH

doyaunauiieasussuuaiuay 4-20 mA
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Tumsfmunauausivesaiesiiotaaiamuidunsa/aswenit Tnedvdndonisie
Uninuveslelnsiaulessuluasazansruamiunisdng liwieutudidnlnseiaino1sds Ty
gumstauuunaiosilylunismusuiiueiuazeyluma fio pH 0 - 14 iielelunisaiuay uasfu
arsiafl memgangiflslunsluiiu 130°C fafuaunsndenfnduaiosdiolunsinuuuroua
nugUnsalaenss uae wuuRnksaonunuiiinvesme nemsinsaedosflefilydauaninugy 7 2.5
wag JUT 2.6 [3] muammanzauean1slyaukarquainvinely dan1siansanainim

AAIAARDUYDINITIARAEAIUANTUNNTINTBISFUUINTANNU LY BT VB Ly

aUnalddayayos

al
AE J=—="2% - TN

59 1
aunsanAn

Tdnanlaun <§

'
=

FEUULAAINAFIUNAN

v
o

ISUUNBNANVDNUILND

AMudunIn/eng

s

%159 ArA ULt

aunIaldadaysyns SYUULHRAINAEIUNANY

(W o

aunsaline

T¥uanloti <§ ?

|
L audunsa/ang

@ %59 ArAtn N
daluszuuinii >

'
=1

STUUNDVANVBIULIND
A

O

JUR 2.5 msfindsgunsaiinsznnanudunse/ae uaz aauilivi
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gUNIalinA1/ oS

Faaraduaibudn

JUT 2.6 gunsariinsignuTum asidunsa/ang uag anananiliivitluszuu [9]

3) wsasiatnrauth e

mAnantindfguaraedlasunisnsiaaeueenasnaifie amanuilnveni [2]

wseananURrui i Tusuansdinisuudeuvetansnne Aamnsownndidulessulszy

van/au lnswlufsvesudwazlansminfazaisludn deiunuinirdazenusgniazamalng,

AMulNNg a6 3nn1sAnelssudlasedladinisaivuaaianudilwniazeesdanluiy

8 pS/cm Aetiy FsiinsMmuRRuaN YU InUTRLATREBN TIANINMISIN A 2.4

A19199 2.4 AaudRUeInuretaseslininA1A N lnih

s1uazRen

AAAENTR

gIUNTIN

0 - 20 uS/cm (éwumﬁmuaw‘i’mfh 8 uS/cm)

AMTIEUNNUTNDURTIE

NUNANUELLINNTIIaUsaNsNaNLNsasElnkasia b

gunsanGienmawEInsalasiumsszlnla

YoavaIfineInsin vhitelananleth
qmwgﬁmaqﬁﬂu@mﬁﬁﬂmﬁm 105 - 130 °C
mmiuvestilugaiiviin s 2 - 3.5 Kg/cm?
ANUIAUDINITIA 30 sec. / Continuous
AALAAALAR DY +/- 1.0 uS/cm
ﬁmmﬂmLﬁaéQLsﬂﬁzUUﬂw@m 4-20 mA
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Tumsfausaudivenaiesfienaanuhliindnnsedeuiiveslessuludidn
nslanmelnauuuiimdniifnun a1filaasdueyfusurunaganuauvruvesloau wioun
Aesrzmduaanuihlii dmsuamageunaanailivheslalmauaddmus Taonsinen
Intanuunaides tiensmunuuasiiuaisad uazgamgfiilalunisialumaiu 130°C Fafulu
Fnunsiioatuied ssllotanianudunin/aswedn vilvaiunsofad wad eadoTala
LUUTBIVAIH L UNIAIlABATY LATWUURARIARALNUTARIT0IME AuALIMINzaNTeInTlTeTy
uaznsguasnuwinely densiansanmmiuasnndouesnsiaLazAIUALlLANTINYEITEUUN
fanuudetionielu

0) \eiesilatanlelasansuaulin

£
% o

AuauURnddgvesilasanizniglulsiullasieliazneslasunisnsivgeauseia
aiaus wWslmulanluiinissivadudouvearslalasaisuaulud wsizansialasaisuaudu
a15hlnAnssidnarinundeanuidgeveelssnu [2] wenisdiaainisvudeuiivuienduusuiu
Woaswdunvasanshlndusinanlusinia vinlnaiuisafasziinla (G6LEL) 91nN1SANBINUIN
Isaudlasad dnisimueainisineyluyag 0-100 %LEL (aesguumsuandou uazlumganis
o dl ! d! yd o U 49/ 4 d‘ = U
19U 40 %LEL) Fansoenuuussuuladinisiinuaanensuzilatnuvenaiodienisin au

A15197 2.5

M1519% 2.5 pasandilemuvenaiaseinaialalasmsveuluun

e R ArAENUR

U3 0~ 100 %LEL %38 0 - 5 ppm

(shumimwﬂw‘i’mﬁﬁ 40 %LEL %39 2 ppm)

a

MIUNNUNDUR S Nuntlenudssianisiilvavesasianunsassilnuazin

I gunsauiidonnesaunsalasiunisseidadiusy

lssnuilasiadl
YoavaIfineInsin vitelunanlen
qmwgﬁﬁuaqﬁﬂu@mﬁﬁwmﬁm 105 - 130 °C
ﬂ"]mmé’uﬁumﬁﬂu@mﬁﬁwmﬁm 2 - 3.5 Kg/cm?
ATUNAIUDINITIA 60 sec. / Continuous
hwmwmafmmﬁlau +/- 4% of Full scale

doyanasiveaanszuumuAL 4-20 mA
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Tumsfuuaauaudivenndssietaanindouvesarslelaseaisuoulu Tned
pdnnsifviessenilasiflonasdansliloian uarssuuimausy definisfadaniodie
mednunznniuies UL es é’qu?umﬁaé’aaéwﬁﬁmﬂﬁmi’maaﬂmmsuamﬁaﬁmﬁam
gumniineuiinisinen Jsgnihurlsfussuu uardaslunisangamgdanunusdifswesviaii

N5Inne Aauanannugy 1 2.7

k

11

Al

anle

i

1

destynyeu FEUULEAAINAEIUNANY

'
=

STUUY BVANVBIULND
y

AE deluszuuunig >

aunsalinan

%
laTasansuanluin

:

UM 2.7 nsinsiaeSesiiedaalalasaisvenluiiiayinUsunadunssaisveuluin
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JUN 2.8 gunsadiarznyinim Yuileuvesanslalasmsuauluszuu [10]

5) wesadiiniaUSinaRursea1suauluiin

AnanUAveI vsvanienanInindagdnaivilsaeundnsvud e uves

] =2

a138un3s Tnsnsuuideuvesansdurioieiusinumnn fazdamansymunanifannaluuianives
1h Tnenstudewresansswisludninonumasidindidda wu anseiidinsed wazanssuy
dau q Mnluszuuide fauddinsiesuesedietamnistudeunssanstunie densiadu
nsdudeuresansbunioiunamnnssuiumstanvedssendinsad WnardesdioTansdudouves

a  aa a o 9 N
a’ﬁ@u%iﬂiﬁﬂ&lazL@ﬂﬂ@maﬂ‘b}mzmm’ﬁ'w N 2.6
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P s & ¥ 4 A o ' a a ~ ¢ ‘< Y
MIT9N 2.6 @mﬁu‘umLUENG]‘L!SUENLﬂia\mmﬂmU’immauVl‘iEJmiUEJusLuUW

EBGEREL ARaENUR

BTUNTIn 0-0.5mgl (éwumsmuqu 0.3 mg/)

M3 uunuTSuaTe MddeudsniamsTilnaveensiiaunsosudauazin
81 qﬂﬂinjﬁLﬁaﬂgmmmﬁaﬂmﬁ’umsﬁzLﬁﬂé’mﬁ’u
lssullnsied

YouaTinessin ihiielananleth

onungivesilugafvhmsin 105 - 130 °C

e lugATviis i 2 - 35 Kg/cm?

ANUNAIVBINTIA 7 min. / Continuous

APLAANALAREY +/- 5% of Full scale

ﬁzgmmtﬁaéwﬂwzwmmm 4-20 mA

lunsimuaauautivenasswliodnaivudouvasusuindunsearsveuluun
NaNNISAUAIE19a1u15aLa a5 Tunasdunsisa nie lanasdansililoanludnuuzifen

v

funisinananslelasaisuenluin Fsaunsoasgunsaludnuuzideanuls

6) wWianslainansinsluavedun

lunseenuuumslynussuvysulpnunmaesiielylunsudnleuntu Ysuu
gnsnisivavesindiaudnduiissnemaudielslunisarvauninsinvesssuy luanasdunis
AuANTEAUYRItuaY SamdanTiiasienaansontunisleuvesssuuUSUUTIANA N YRIL G

Tolunsudnletndnaieg nsimunaudnuuzilowuyaATolletnfa 1131w 2.7

M15197 2.7 Aaandiilewurennsodliainmdnsimsivavesiiigssuy

Yazden AANEUUR

U5 0 - 5,000 kg/hr

2 T
&

MIUNNUNDUR S Nundanudsainnissiluavesansianunsasyilnwazin bl

gunsafenaeanIavasiunsseilndmsulssnudlngadl

YDHAAINNBINTIA Pielunantatn

gaumniiveslugaiinsin 105 - 130 °C
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UFUUR

3.
o)

suazRYn 1

manduenilugaIvinmsin | 62 - 67 Kg/cm?

ANULIANUBINITIA 1 sec. / Continuous
AANUARIALARDU +/- 0.5% of Full scale
é’zgqpmﬁammiswmmm 4-20 mA

v '

MnaaNTRvey vedvaiinesnsinidnuuzddyie luilvewdny reurazen
Snsmsluaneiies gamninaraanuduund wunnnauafivmuaiede fvmnzaudmiy
n3iail fe wdesdlotasarnsivanisudnnisanuduuanaie e idesdieTndnanisinanie
ndnmsesiia [4] TnswTesdieTnazneainisdnishifinusnansesleimuuuureslssnunauly

davdniielylun1susuuRaun wvei dawannugun 2.9

gunsalindmsnaslve

MdufenIUAY o
Ut ivglRigla N szuuuanmadiunans

v & o 4 a S
QQLﬂUquWaWaﬁlauq

AU U U

sUN 2.9 N15ARRILATNLaTRA19RsINIS ATt AUk ULIe lskEn a1

Y

7) wisasiledasyauvesvadtuduiuliandntati

luniseenuuunstvnussuuliulsenunnvesiielylunisndnlouuy Ysunw

1% [
o I~

vasludsmesgnatuauiielniulandiludwesssuudiulnauamiliiegielylunimdnleun

Y

[ v v

nedaduinsisgeulsinanieoysinlyssuuliuupqunn waz wWslvlumsfivdiendaiu

v '
] v

dniiendnlothlwegluszauiinzeay Jaunaeanudidguau lunisesnuuuladinsiivue

AudnuzilewmuvaaTesilaTnlaglinuaudine m519n 2.8
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P wa & ¥ 5 A o ! (% v ® T oA a H
f19199 2.8 @m’ﬁll‘UGlL‘UE]\W]‘L!GUENLﬂiENlIE]’Jﬂﬂ’]'ﬁ%ﬂ‘U‘U@QLWa’JSLUQQLﬂUu’]LWE]Na@IE]u’]

=
IYATLYN

AANENUR

gIUNITIN

0 - 100% %58 0 — 1,500 mm

MIVUNNUNDUR S

1 T
N a

Wunfanudsuianissluavesansnainisassiinuazialy

gunsamfenaesainsavasiunsseilndmiulssnulingall

YouaTiFeInTIn diiielinanle
Qmwg:ﬁmmﬁﬂmﬁmﬁﬁﬁmﬁm 105 - 130 °C
ﬂ'Wmmé’uﬁuaqﬁﬂuﬁmﬁﬁwmﬁm 3.5 Kg/em?
AUIANYBINITIA 1 sec. / Continuous
ANALPAALAEDY +/- 0.5% of Full scale

€

| [

e auiedudnssuuAIUAY

4-20 mA

v

NAMANTRYINAY YBIMAINABINTINTG nwEdIAYBMAIN ADUYIET DR bl

9T U VLNV LADNL

LA B9L BN LA TANAINS UNITIN

<

1 v '
A a

Uoenunilnuasliiiu 2 weg ArguvglivagaiAnuauung

$%
A

T 79 1A3 9989 TATEAUTDLVAINILAT IAUAULANAIG K3 D

v

ATl TnTEaAUYadaImeIswuwa it Tneinisindsliiniurisssdaduiniienaalatig

Tolunsuuugenmunmuet fuuananiugun 2.10

Wimusuuietdn

Vs =y .
N QP

MEUHDAIUAY

TEUULAAINAAIUNANY

1\,

—_—_N

v & 5 4  a H
ml,ﬂumeamamlam

gunIainsEAuTa LAY

JUN 2.10 MsAnRaAseslieinseiuvaniimuiuuielundnlein
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8) MamuANSINiadIIfessuuUTulTRunwaiiielylunswaslot

Tumseenuuumslunussuuluugnunmeesiielylunismdaleun Ysunawen

Tudawasitnsarvauiialndulainiludivesssuudsulsenuninvesdnielylunisndnleun &

v
o

o < g T A a o o ¥ >
vauvaleg sy emInrauielylunisndnletn MarmuanUsasdudidiniadea/deaunen

J3UU WenuautdtlreglussAuivnsategaue meanudAyrewmy luniseenwuulaing

MruanManYzilowursaInIUALlnllnEaNTRAfe a131991 2.9

M13°9% 2.9 AasaudRamuvetgUnsuAIUANEn I NaIsTUY

SUALLIUN

ARENUR

YIUANTNNNIU

3,000 - 13,000 kg/hr

AMTILUNNUTDURSIE

a

PunTianudsian1sslvaresansnaunsasulalasin

I gUnsuiitiannasaiuisalasiunisssiiadusy

lssuilnsiadl
veainensin ihdelaranlerh
oaunRvestinlugaiivihan 105 - 130 °C
mmmﬁwaqﬁﬂu@@ﬁﬁmu (In/Out) | 65 Kg/cm?: 3.5 Kg/cm?
é’zgmmﬁaéwgﬁzwmugu 4-20 mA

dnsnslva

Class Il ¥i59 gouluiinisilvadnuae

anuznsalszuuiiaym

Fail open

nAENTRT99Y voumarfifidnwazAourvazen uilveawdaiovu dnsinisiua

Ui annsaviusiniussuunual dnsinnsiva/seauveamallugiunivanyay aungiuaza

AMUAUUNG LASDIUDNIMUNTEUANSUSTUUL AB salau@nAaulnsaIna

(3 I’ v oy

1 Tneiinnsindslinauwn

wwesduiudniendnlouniilylunsuulgsnunmneeai dauananuguil 2.11
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AUk U UIUR gunsalingmsnsiva

4 TEUULER SN BEIUNANS
C

TéwilenIuay
ﬂ'%mmﬁwﬁw%fa @ -—— - m \4— —— =1
N

|

|

|

|

|

- | o —_——
funuiiendalain

gunsarinseiuvemar

JUN 2.11 nsindanauiafuddaiiouSuusenann

2.2.2 szuunsaadsinaeandwulutiuazaugaaiaindunsa/a

'
A v o a

a5 aRNTURRNTLAY kay N1SUSUAIANULTUNTA-A1 dmSurulendalaitn (Mue

1%
a (%) o

AU 9139 WD) MFENTING szuutanasiadineysvan i Tlvlunisiidaeanaunazaiyly

szuvditelyndnloun AesendiaunarasluliasiiqvsinnseuniniigamgiiasAnunuay 3

J
019 lUgnIswnsauresgUnInivesszuumseletuarssuuve WukalmAansirlnatudiuaune
LLaquﬂia}mizwlmfw vlmAnanudems way ﬁﬂ%ﬂizﬁm%mwmaaqﬂﬂiajmjalaugﬂa@aa
muliadgmmsiAangn3ud aduduaivelnssAns amnisaismanus euanasdawalds
anawwasnslsnuszuletla Rt

mimuauqmmwmmﬁw Tnenslvansiaddniueondiau uagnsusuainudunsa/
mevostn Y lussuuieudieladnloth dndnnsvinuiugiudesmuded

1) asedidhdueeniiau Tsmuauquawiilasnisianinisaraisveseondiauluszuy
ihdeumieth mimﬁazi%iuﬂwsmuamhwmiazmwmaaﬂ%Lmﬂ,ﬁﬁaaﬂiw 0.020 ppm @5tATiaBNs
wilsfineuloduanssndusendiau fe Tndeudalin (Na,S0,) 6734ﬂxlﬂﬁ’lﬂﬁﬁ%mﬁ’uaaﬂ%wﬂuﬁwLﬁ@i{;

TunsuanlatauaunisaIuans

2Na,S0; + 0, — 2Na,S0, (1)

sie Na,SOs Teudala (Sodium sulfite)

Na,SO, TRsugawmn (Sodium sulfate)

S
Il

20nTaLU (Oxygen)
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2 msufumeudunsa/msreni leuauammmitlasms inaianuidunsa-anlu
sruutifiendnlotuazszuulot éflmml,ﬁuﬂm/ﬁ{'mﬁuamf'lﬁmmzaumsaaﬂuﬁw pH 7.5 -9.5
anaeiesnailaiteuluduansuiumenudunse/maie Lefiu Feagluyhuiizen Usumanudunsa/
s Tuthiftenanleth

amedidndusendiamaney wrgnduluiuhiidusiouamaailnedlunansuiniioly

Hanlon MamssuasazanniiiedndueendiauiiauieoasimunzaunauniszgnUauludads

[ '
o A

ifielyndnleth desruumuaunmuaiieudielundnletnarlsamsininnisasanseendiauly
hnsureenvesfaivinfiendslotduaniilvluniseiuau mnaiifalanniedesiiotiasey
fimnsarargeentiauluthasuriann aaefilednivesndiousgnimluiidufuiniendn
loth mnan1smsazaseendiauluteglunflmngau seuvagvhnmamgaduasazaioiiielaln
m'ﬁmﬁﬁﬂ%’waﬂ%Lﬂugmﬁ@uLﬂTﬁMé’aé’qLﬁuﬁwLﬁamamlmfw

asediusuaaandunse/maasmy wwgnoulufubiduniouarsnilailunauitu
ifielyndale mawdssasazanaaiiiiouanndunin/meiienuidensivngaunoud
wgnuaulusdahifiolunanloth dusuvmuauauamieuidielsudnlothaslynnmaina
dunsa/mns uaimuas mnfimemdunse/miduiuesnniiniugu (pH < 7.5) asasaioind
Usumeudunsa/msazgniinluiisafodnifiondsledn mneeansdunsa/mslutiilaniuen
muAu sruvazinsngaduitellvansazasmsiafiusumandunss/asgnieumandaafi
thiflendnleth fuansmuamszuuduasiedifiosndusandiou way nsvsumaudunse/ais

AanARIRY SUT 2.12
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S oa =
UINAULND LIDINLAN

A 4
=]

o o =
|—_—| NSRRI GRS
M

3 WeanUsuueenTiau
Judnadandu

o

ONTLIULAUTY

A\ 4

v A =
DIAIBUAILAN

[m]
Hudaediony I WeUSuAAINY

Wunsevens

deansiad deansiad
A o v a o o '
Wedndueanau  LileUsuainsa/ang

JUN 2.12 szuuBuasiniiiiedndueendiau wasnsusuainnudunsn-nng

2.2.3 SYUUAIUANLASLAAINANITNINIU

szuumUANnsTuiignfivsanthnlsdmsvssuuusulgnan et lelunis
wdnlouh azaoiale ey gnaosliafesnin n13AIVANAITHNNY [2] 1835E VDY 16
UsrAvEmmiefiannsalranulaluwuunisauaudase (Standalone controller: PLC) #13a AuA
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Applied to reuse steam condensate water in Medium petrochemical plant to boiler feed water
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Abstract: In Thailand's petrochemical industrial estate which has a small or medium-size plant, boiler feed water is
bought from the external boiler feed water provider to use in an incinerator to make steam for plant use, and the steam
condensate water that comes after the incinerator process is sold back to the provider as well. The cost gap between
bought water and sold water is considered a waste since the income gained from selling post-boiled water is less than
expenses from bought water. In this paper, the research to improve the steam condensate water quality and reuse the water
has been proposed. This application is to be considered to build the steam condensate treatment unit for treating water
potential to reduce the overall operation cost (OPEX). The online analyzer is being used to control the chemical dosing
package via a plant control system to check the quality of water and treat it in real-time so the water can be reused.

Keywaorids: Boiler feed water (BFW): Boiler feed water pump (BFP); Steam condensate water; Online analyzer: Chemical

dosing package; Incinerator.

1. INTRODUCTION

The small and medium petrochemical plants in the
Thailand industrial estate of Thailand normally import
the boiler feed water from an external boiler feed water
{BFW) provider for plant utilization and used to produce
steam through an incinerator, the steam produced by the
incinerator is used for plant/steam turbine proeess. Used
steam condensate water is collected and waited 10 cool
down  before returning to the BFW provider via
transferred pumps without recirculating treatment.

There are many factors with building the plant during
the design and construction especially economy
consideration, The steam condensate treatment. unit
contains equipment such as a deacrator, boiler feed water
pump, filter, chemical dosing unit, instruments, and
control system which the treatment unit may increase the
plant capital cost (CAPEX). Therefore, the small and
medium petrochemical plants preferred to buy the BEW
from an external provider to produge steam and sell it
back to the BFW provider as well.

tram, CTeRSIIE Watt: Y

Fig. 1. System schematic of steam generation at a
medium petrochemical plant.

This research aims to find a recovery solution/utilize
the steam cond water in a medium petrocl
plant to boiler feed water by the add an additional
treatment unit. Evaluate the economic consideration of
two main modes (with and witheut treatment unit) to find
value to reduce the operation cast of the plant by reducing
the need to buy the boiler feed water from external boiler
feed water (BFW) provider.

t ical

2. SURVEY THE WATER PROPERTIES IN
THE SYSTEM

2.1 1mported boiler feed water properties

In the first step, we start with determining import boiler
feed water by the amount of water, and water properties
that are specified for existing plant use. In this evaluation,
in a plant that has been studied, an incinerator was used
to produce steam. The main thing to know is fluid
state/fluid volume/f ftemperature and chemical
propertics, which is the preliminary information from
plant history and sample collection. The studied
petrochemical plant has specified / qualities of the
imported boiler feed water as presented in Table 1

Table 1. Import boiler feed water qualities

Import Boiler feed water qualities
pH 8.5-9.5 | ppm
Specific conductivity @ 25°C | < 8§ pm/cm
Chloride content <05 ppm
Silica content < 0.02 ppm
Iron content < 0.1 ppm
Copper content < 0.05 ppm
Dissolved oxygen < 0.01 ppm
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However, the actual data is also necessary to ensure
Lhalthcﬂmdpmpcmcsmn;mmlnrmﬂmpmpcmﬁu
the plant is specified. S correction of the imy d
boiler feed water is pres:nlnd in Table 2

Table 2. Sample of boiler feed water qualities

Sample of Boiler feed water result
| pH f@ 25°C 9.38 ppm
Specific conductivity @ 25°C | 5.69 pm/em
Chloride content <(.10 ppm
Dissolved oxygen <0.001 | ppm

The next step is to measure the flow rate of imported
water of boiler feed water that has been imported from
external. The average data within a week of flow rate is
being used. The ﬂnmte, fluid quantities, and |

2.2 Exported Steam condensate water properties

The next step is to determine the export of steam
condensate water by the amount of water, and water
properties that are specified that the plant retums to the
boiler feed water provider. In this evaluation, the
maximum quantities of the steam condensate water that
can be treated required some infor that are fiuid
state/fluid volume/pr i and
properties. In the same way the prellm:mry information
from plant history and sample collection. The studied
petrochemical plant has specified / qualities of the
exported steam cond water as p d in Table 4

Table 4. Export steam condensate water qualitics

are necessary o apply in the des:gn of .the. process
requirement, equipment sizing, and control. system,
which the actual site, the researchers have to collect flow
rate, pressure, temperature, and fluid quantities data from
measurements that have been installed, referring data can
be captured at Central control room /[ Plant DCS. The
measuring schematic of import boiler feed water from an
external provider is shown in Fig.2 and the measuring
data for the impont of boiler feed water is presented in
Table 3.

SR
s LT

Fig. 2. Measuring schematic of import boiler feed
waler from an extemnal provider.

Table 3. Measuring data of import boiler feed water

Import Boiler feed water gualities
pH 17595 |ppm
Specific conductivity @ 25°C | <10 pm/cm
Silica content: ” <002 | ppm
Iron content <0 ppm
‘Copper content e <005 [ppm
Total organic carbon <0.3 ppm

The actual data about the fluid properties that will be
used to design the treating system is presented in Table 5

Table 5. Sample of Steam condensate water qualities

pH ;g"rs"c' af 4 1894 Ippm

Eatt 4 551 - -1 m

| Total organic carbon- <022 [ppm
M data of the flow mte of export steam

! water 10 the boiler feed water provider, sull

Fluid flowrate, that has been measured at 8 normal
operating time may be less during work or weekends but
the flowrate data in the peak demand is sufficient to
design future systems.

According to the results, the guantity of imported
boiler feed water in Table 3, although it is a medium
petrochemical plant, the plant needs a lot of baoiler feed
water for plant operation. The improvement will benefit
the overall operation cost of a plant.

use the average within @ week of flowrate. The
researchers collect flow rate, pressure, temperature, and
fluid quantities from measurements that have been
installed, referring to data that can be captured at the
Central ¢ontrol room / Plant DCS. The measuring
schematie is shown in Fig.3 and measuring data ofexport
steam cond water is p 1 in Table 6

WPy

Fig. 3. Measuring schematic of export steam
condensate water to an external provider.
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Table 6. Measuring data of export steam cond

2o

is shown in Fig.5.

water

Steam condensate waler measuring result
Fluid state Liquid

&) @)&)

1 cond from

Flowrate 83 Ton / Hr.

Temperature and Pressure | 50 DepC : 7.3 Kg/em2
Fluid quantities Approx. 262,000 m3/Yr

3. DESIGN STUDY

Under this design concept study, we intend 1o execute
the following:
- To utilize the steam condensate water
- To reduce the costof importing boiler feed water
Increase reliability of equipment
The typical concept design for a uﬂm mnd:nsalz
recovery system of cond
deaerator, and oxygen scavcnger d.D&ll'lg packngc
Referred with | water quantitics and qualines
If pH value and dissolved oxygen valuecan be controlled,
then the treatment of steam condensate water to Boiler
feed water is fcnsﬂ:]c and also mil reduce the operation
cost of a medi | plant.
The plants we uscd for this study were medium-sized
*L‘plants‘slcm,"vsmd
in many plant locations. The and |
systems must consider both stability and security

30 Process and copirol didgram (or treatment nnit

In design plan to connect steam condensate water
from the export steam condensate water pipeline to the
new treatment unit and return treatment water as boiler
feed water to the import pipeling is shownn Fig.4.

W et
e Rt e

Pt bt ‘

Fig. 4. The preliminary tie-in diagrams

The unit mini '. isa
boiler feed water drum (for fluid huffcr and rm:xmg area),
a chemical dosing package (for balance oxygen and pH
value [1].), a boiler feed water pump (For return treatment
waler to the system), ( nt for monitoring) and
control system (for overall control) Detail of process

. &
-

f

Fig. 5. Treatment unit p liag
3.2 Measuging and control system

The major values which use as a comparison in
measuring the quality of import boiler feed water and
export steam condensate water are pH value and
dissolved oxygen which needs to be controlled at the
accepted value because there is a small change in value
2}

* Boiler feed water drum level control

Steam condensate water from the condensate tank
or export line is reused as boiler feed water inside the
plant. During normal operation, the D-001 level is
maintained by a master level conwoller (Level
transmitter on D-001) and slave flow controller/valve

(Feed-in Condensate to D-001)

» Boiler feed water drum dissolved oxvaen control

During nermal operation, the amount of dissolved
oxygen in boiler feed wm is maintained by a

dissolved ¥ ller  which
manipulates oxygen xmgu‘ dmtns pumps located
inside the chemical dosing package.

* Boiler feed water pH contro]

Duning normal eperation, the pH of boiler feed
water is maintained by a pH analyzer controller which
manipulates amine dosing pumps located inside the
chemical dosing package.

3.3 Saleguarding system

The design of the reatment unitmust consider plant
safety on health / environmental / property. Thercfore,
this preliminary design shall be aware of contamination
which can develop into a potential hazard.

% Hudrosart e
In a petrochemical plant, if tubes develop leaks or
holes and if the pressure of the stream of fluid being
heated is greater than ﬁlc pressure of the steam, the
steam could T ially b inated by
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hydrocarbons (HC). Steam containing the applicable
amount of hydrocarbon can develop a potential
hazard that may result in fire or explosion. If the
Hydrocarbon or TOC analyzer is detected, the
treating unit will be shut down.

-

Steam is used as the heati dium in h or
heat exchangers. It is unltlu:iy but might occur that if
tubes develop leaks or holes and if the pressure of the
stream of fluid being heated is greater than the
pressure of the steam, the stcam cuuld potentially
become i d. If the Conductivity analyzer is
detected, the Treating unit will be shut down.

3.4 Basic detail of equipment

Referred to the process control diagram showing what
is necessary to design the system, the rescarchers
consider all the main necessary equipment for a steam
condensate treatment unit and a new reatment unit and
will implement the equipment in the existing
petrochemical plant. The equipment from the following
conclusions can be shown in Table 7.

Table 7. Main for the T t unit.
Main equipment Tist
Boiler feed water drum 1 Ea,
Boiler feed water pump 2% | Ea.
| Chemical dosing package 1 Unit
iping neq0Y LAY Lot.
Elcctncai system 1 Lot
Civil and Struciural sy | 1 }Eot,
Meastucmﬂlt Iﬂ.d qul clemml 1 Lot

It is necessary to know the initial dimensions of the
equipment, especially the drum and the pump. Therefore,
the preliminary caleulations are as follows:

* Boiler feed water pumps.
Boiler feed water pump size is determined by the
flow rate of the export steam condensate water. Inthis
case, 2 pumps have been chosen just in case of need
to reduce the production or have one of them is
damaged, it can work without stopping the system.
Maximum flowrate at 83 Ton/hr.
The pumping capability is 42 Ton / hr. per each

* Boiler feed water drum,

Boiler feed water drum size to be considered if no
condensate water feed in and the system can continue
to work for 10 minutes before it stops working.
Pump rating x Quantity of pump x Period = Drum size
(42 Ton / hr.) x (2) x (16 hr.) = 14 m3

Therefore, a capacity of approx. 18 m3 isto be selected.

The utility requirement for operating the treatment unit is
shown in Table 8.

Table 8. Utility requirement.

Unlity requi t list
Electrical power (400/230 3ph) 135 | kWrhr
Cooling water 1,680
Instrument air 15 Nm3/hr
Plant air 150 | Nm3/hr
Nitrogen 12 Kg'hr

This utility list is estimated for use in ordering and
controlling the operation of the system. Whether electric
system to operate lhe pump#oontrol system, |ns1rumenl
air for 1 /final el and
plant aw/nitrogen/eooling to support chcm.lca.l dosing
package.

4. COMPARISON OF DESIGN COST AND
RATEOF RETURN

4.} Projectand C'olistruction cost
The preliminary estimate of devices as a guideline for

idering the i value is f d in Table 9
3):

Table 9. Preliminary project cost estimation

Boiler feed water pumps 14.5 MTHB
BFWDrum . |8 0MTHB
Chemu:nidonnga k_ngg 9.5 MTHB.
‘Control 3.5 MTHB
Plgmg and sgpport ml 9.5 MTHB
le and Structural 6.5 MTHB
Cmmn ot | 140
roject management 14.2 MTHB
L Onlier (7117 _“SrF2.0 MTHED
Owner cost 10.0 MTHB
Toral 111.2 MTHB

Equipment prices arc based on consulting with

vendors dunng ﬂu: yw 2021, in which the cost of
i quip is likely toct

shightly. Initially bulkr nmerml requirements from experts
in that field (Such as piping / Electrical / Instrumentation
ete.) ‘which has some discrepancies according to the
resolution. Actual will be done during detailed design
engineering, however, the main equipment that is
required for this system, the cost has been considered

4.2 Project rate of pefurn

We have aceess o trading information of boiler feed
water and steam condensate water to know the annual
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usage volume, and current trading price. The

ideration shall include the ion period of this
project which is expected to take about 2 years for
construction. The preliminary information that will bring
for effective study and period of return on the investment
is shown in Table 10

Table 10: Preliminary project rate of retum

Preliminary project rate of retum

Boiler feed water buy rate 240 THB/m3
Condensate water sell rate - 50 THB/m3

Reduce buying from BFW 262,000 m3/Yr
Reduce selling Condensate 262,000 m3/¥r
BFW water buy cost 62.88 MTHB
Steam condensate sell e __|=13.1 MTHB

Benefi 49.8 MTHB

Sim A - 5.8 Year |

As result, this project can pay back within 6-7 years,
which is an interesting investment for use in a medium-
sized petrochemical plant, and this system that we offer
is 4 support system unil from the existing design.
Therefore, the construction or the failure of this sysiem
will not affeet the existing:

§. CONCLUSIONS

This paper h the solution to ing steam
condensate water. When companing the investment value
1o build the steam cond water unit with

the cost of buying boiler feed water from an external
water provider, the result shows that building the
treatment unit instead only buving externally for a
medium-sized petrochemical plant is possible and will
reium the construction ¢ost in building the system with
6-7 years with is acceptable that this system will last more
than 7 years. From this rescarch, if the sizes of plants
required to import boiler feed water are about 100,000 10
300,000 m3 then this study can be applied.

This study does not cover all sizes of petrochemical
plants because small-sized plants are difficult to assume
the amount of boiler feed water, therefore it must be
considered on a case-by-case basis,
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