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ABSTRACT

This thesis presents the Internet of Thing technology for sustainable very
small power plant water management with the aim of developing the suitable loT
solution which enables the improvement of operational efficiency. In this research, a
9.9 MW biomass power plant is implemented to investigate the performance of loT
system. The architecture of the proposed system consists of three physical tiers. The
first tier is a tier of physical devices such as pressure, flow, pH sensors, water pumps
and valves that are responsible for detecting the physical data and interacting with
the plant operation. The second tier is an edge computing device which functions as
a controller, embedded server, data storage, gateway and switch to manage all
operational tasks in an intranet area. The third tier is a cloud computing system
which enables big data applications such as online monitoring and visualization of
process operation, analytics to optimize the operation and maintenance. The results
validate the effectiveness of the proposed system as the ability of the improvement
of operational efficiency of water treatment system in a biomass power plant.
Significantly, the ability of an adaptive fouling control achieves the target of purified
water quality even during the fluctuation of raw water qualities. Furthermore, the
data analytics in loT system reflects current operational requirements of water under
local environmental conditions, likewise contribute to the practical solution for

sustainable water resource planning in the energy production.
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Department of Alternative
G K o e AEDP 2015

Overall targets: 30% Renewable Energy
in total energy consumption by 2036

Power (4.27%) Heating (19.15%) Transport (6.65%)

19,684.4 MW 25,088 ktoe 8,712.43 ktoe

1. Municipal Solid Waste 500 1. Municipal Solid Waste 495 1. Biodiesel (million I/d) 14.0
2. Industrial waste 50 2. Biomass 22,100 2, Ethanol (million I/d) 113
3. Biomass 5570  3.Biogas 1,283 3, Pyrolysis oil (million I/d)  0.53
4. Biogas @ A, Solag 1200 4.CBG (ton/d) 4,800

(Waste water/sewage)’' S Alternatives Heat Source® 10 Mernmive fuels* (ktoe) 10
5. Small hydro /’ 376 * Geothermal, pyrolysis oil, etc. * Bio-oil, Hydrogen and others
6. Biogas (Enélgyiop) 680
.- WIHI/ —-.3,002
B
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waluladdumesinvesasawdvanmnsntnussandldfussuuuimatilulsdlni
yuadnanldegramngay anmnsafisyssansamlunssniunuazmsuinsiansle
01968

1.4 vpuivseuurfniildluniside

nuiviowwrdaililunisided iierdostumealuladdumeditnvosassnds
mﬂiuiaﬁLﬁamﬂ%amiaqﬂﬂiaﬁmwwiw6’] meluladszuutens aoufinne (Edge
Computing) Tngldiaasmuauidansinfiannsalusunsa wasmaluladszuuaanadlu
Hagtiu Tnedatufnnantd o doidy auunnsrelumaluladfidistu welugnis
ponuUUIzUUBUMesnvesassAsdmiumsuimshlulsdlifihvuadnunegnad sty

1.4.1 walulagdumasiinvesasanas

naideslomngunsal (Things) Wihdidetnedumesideduldgniaulsiauauad
WANENNAURMINAINABINTAMTUNUUTENARTNY WU 1nelulag Zigbee WIFi LoRa 38
NB-IoT #afifelsussulusuresiunumssu-dedoya nsiundsau anwaiansanis
AspUAguTLTlunIaTeusie



1.4.2 maluladszuuyszuianarigvauy
LOAIARUAIAY (Edge  Computing) Munefis N1sUszaIaNakardUNAIUN 0]

meluszuunsetnuneuiinmeswuuenlussyeelng (Local Area Network : LAN) qunsad

LY

IusuUend Aeuafs laud lusunsuulaasinaoulnsaass (PLO) @alulagiugn

Y

A

o v g saa a wa = v oa s & ¢
Wi lugunsalndssuuuianis anunsadeusieiuduwmesilaiugimes 36 wie
aansandu loT  1nang (Gateway) Mviminadiowdusiees (Router) dwmsuiasetne

wagan$ (Cellular) wagtAsengituiinina Wasaus (LPWAN)

1.4.3 walulagszuunanan

walulaBsyuuaanad vie nMsUszananauunguae Cloud Computing Au3nTsd
AsauAguas slldmiieuszanana wiiedaiAudoya wagssuuenndiadusinn Tned
sUnuumsTHUIAMsALANANaAY 19 Infrastructure-as-a-Service  (laaS) U3M3LIe5uIauy
gFufiaursadnfaldiuedeny HesessuanudesnisidnulunsUszunananioanalse
Platform-as-a-Service  (PaaS) +Juusnisauunannosudinsuganduwls Software-as-a-
Service (Saas) WWuusnsauuwennaintulngfnAusnseuUsutamisidau

Postscapes
‘ Tracking the Internet of Things

LTE Advanced

CellulardG IUE

3G - GPS / GPRS

2G 1 GSMy EDGE, COMA, EVDO
WEIGHTLESS

WIMAX

UICENSE-FREE SPECTRUM
DASH 7

%)

m‘ 2 WAVE
ZIGBEE

GLOVWPAN

?ﬁ%ﬁ M‘l;”(

RFID
EH:

WAN
Wide Area Network

POWERLINE
ETHERNET
PRINTED

MAN
Metropolitan Area Network -

i

LAN

PAN Local Area Network

Personal Area Network
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1.5 mailSsuiisussndinedimsiduaueiudsnisuuuiugnu

nsFeuifisusgninessuuuimailulssdiihanadnuniidnsussgndld
walulafdumediinvesasends fuszuusaiuilifinmsssandldinaluladdumosidaues
asywds InefiansaniinnuannsaluniseugumsduesuausuluuUsuRle
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nideadaildssgndldfulsdlwihdunarun 99  wneied  ennasy
UsyAvBnmvesszuuBumesidnvesasnds aninenssumessruuiiiaundulsznaudae 3
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wagvhmsldneutunssuiuns ssduduil 2 Lead Aeufinis  eimiididusaaueu
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Aam1unszUIUNTaIL MTIREEdeyaLilefinUsyansainnisdnduauaznis
11355091 nansnaaeuUszAvBamussszuuidnauesonnuaiusalunisuiulss
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2.1 5nsTuviesAdeiiieadas

gAN1TU TRgnanvnssundsil 4 Aflanadosnisadns lssnugnavnssudiaiesi
\nseadnsanunsadeasieiuld dilugaiuyimesgiedadmiussuugnamnssuseludia
Fadalunsiiasuiusmliiudewmalulad ioatsanuldiusunnatedu fuduns
Wasunszunimiannsuaniiruelasdiunansifieglyinanedu nsauauuuunszang
du aheenudaszynansieansteyaseninnsruiumsnelulssny gauuaguie gunsal
#1149 a8edugVHa FsannsnusTanadiisalilnendunisnaureansgiuredumediie
yosassndsuarmamaluladidriunsyuiunisesamnssy sigssuudidnmsedindsaaioils
agn1gluszuunisndn Aaniudeyaniuiginsvetndndaanluauds insedie indu
Industrial Internet of Things (IloT) FsaeliesAnsdmunIsnanaunsaadisnisluddnsu
nsAnduany 19y msvinmilesdeya msilegianiuznisinnuresaiesinsuienis
Ungesnwganensad

ngaimnelig

* Soya o Ul 31 wwaaay 2561

U7 : NINARINOWRIINMAL LAY

ayFnEna I AFENFIING 1IN —
T wdsuey Wz finsSanm
JUn 2.1 Wheniseaalnfiinnwadanumsudeulud 2579 wagnan1saiiuauiy
NAMUNAwL lnsanain 1 U 2561

dmuninefinusi Useneudenmsidesnunseenuuunazuszendld Industrial
Internet of Things (lloT) sgramuzandwsulsslnimdsumadonvunadnuin (VSPP)
Taggjatfunsld loT  ifleuimsdanisninensiilulsslwimdsnuiang wamee
Tsslatimdsendunadunidugramnssufidesfionningnsiniievinsleduasld
Aarulinin [1] wagludiugouruimuInd 1 unaunuLas nasun1Lien (Alternative
Energy Development Plan: AEDP 2015) nsgnsaandsaufitmanglunsiiudadiunis
wanlifhanndanunaunuiiesas 20 vesinaanufenisiwiinuvessema viodn
Hudosay 30 venslindsruduanievesusana Fanaidulununsevveaunusiamg



i manliivessenalng w.e. 2558 - 2579 (PDP 2015) fildiuundaduitowmndnis
nanln 1 nndsunaunueglugieiesas 15 - 20 Aglud 2579 InsunuimuIngsny
NALVULAZNAINUNILEDN 930 AEDP 2015 Teniadhuineniswdnluinainnadsnudnug
agjﬁ 5 570 wneiadnelud we. 2579 [2] Fuidoananulguisduasunisuanlniiein
wasmudsuresnnigideanisuilalymeadanamdsldainnisinums uazudluilgym
VYUY mu@jﬁ’uuiauwamsu‘%mﬁmmsﬁuﬁLﬂwmmiu (loufla) oansensanuasay
annsal ﬁﬁmmﬂﬁuﬁuﬁﬂgﬂé’aa Undu wazfudends Ssulsvnefandaniaiaiiagas
dudnonmidomaseslsslningunaldnniudn 1,500 wnedad mnduiusemelned
dnenmidiomasdanang 2,500 wngdng dusudmanensuanliihanndseumguioy
U 9 1 wnw AEDP 2015 Tnathmngnsnanliihanwdanuuaserfindegil 6,000 wng
Sadh wdauan 3,002 wWnedad wdehvnndn 376 wnedad wdanuinetinmaingde/
VLAY wagNYNFeIU 1,280 WNeInA NEIUTEY UTTNOUAILYUEYUVULAL VYL
PREAIMNTIY 53U 550 Luneing LLaswﬁqﬁwmmMiﬂ 2,906.40 g ¥as Fenanisaniuauy
PsLAY AEDP 2015 lasanadl 19 2561 doya o Wounquniau 2561 Hu fiftssudndai
Guumimy'Lvhﬁfuﬁmiql,ﬂmmauﬁa [2] dhundsnumadendun ﬁ'jué’aagjszwmmiﬁmsm
Fasudelrifihwesmasylviasuadvang

WuaadIunslawasunauumingu 30% wvesnslawaseuvuganie Tull 2579

wasauilmuns

131,000

msldndanutuanie

39,388.67 (30%)

2579

- £ Y
B mslindarutugeie W anstiwdssumaunu

u: quimsrumadoyanfsrumanmuarayingmiany e inuseuuszayindwasny

Ul 2.2 WWhwsnenisaslifiianndanuvyudeulud 2579 anausu AEDP 2015
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ﬂWT'L'U'NﬂQQ"I'N'UUE!ﬂ\‘IqU n'lflﬁwﬂid"lu“ﬂllﬂu
= -t
(lasunain 1/2561) (lasuna #11/2561)

wisuInWiovBsonda 74.68% wEramuunse ind/mi sy

Fararsezfwianm
Indlr 274%

nEnhvrndnini 0.06%

(winvnelwa)lvin 0.72%

21,692 ktoe naxTUmuiiey 15.60%

ﬂﬁ'inumguﬁuufi ;ﬁu

g 7.43%
ifmd 2 .' %%

*squlviihiiudnldios (off erid)

Ul 2.3 _anumsaindanunaunuvesuszimelne lasuail 1/2561 [3]
Fenrssudelulinanndsnumpuiouressemalysandudalifinensusiodn
wualaiAu 50 wnzdnd (Small Power Producer: SPP) uazindnlwitenyusieianuin
ywaladiiin 10 wnzins (Very Small Power Producer: VSPP) u 3udulud 2550 aannns
SuianuuimuaduingAsudsliihans Al uie Adder ioduaSuuaznszduli
\Annsasuuasnaeniy Wesnvuzdumaluladflilunisasaslss i dsliiuamud
gami1dlagtiunin deusruiun1sfuderliunuy Feed-in Tariff WleT 2557 amssudoluit
WU Feed-in Tariff Sulsgnaude 1.aunsil vde FT, ddflugrunisAnanandunilunis
reasuazquasnuilsslniinasneiglasenis 2.dwiuuys vie FiT, Jeazgnihludndy
nETaE WEUTEy wasndsnuiediam Wity desindsdanudesvesen
FapRufivundudemas 3 dufites vide FIT Premium dmsulasimslsdliindsonuney
wETama werndsutedaniw waglssliinluiuiismineya Sanfnusiina
Janiadaniil war 4 suneludninaswar lawn enneund dneavindos dnovuy
warsLnolvN Weatuayuntsasumuulouisvesnaguaznsinsnuluiuiiviouny
MaldvesUsvnalny

FiT Premium (umwm/wias)
e (W) FiT. szpzAEudyY fﬂui’u‘[asems‘lm{uﬂ
(umAniae) () Fwiaveuaunali
(maano1lasants)
1) waamnh
fasnAnAnAs < 200 KW 4.90 207 0.50

uumdamn fdsndnfings 0-10 KWp 6.85 259 0.50
uvundan frdednAana >10-250 KWp 6.40 257 0.50
uundaan frdanAnfiang >250-1,000 KWp 6.01 257 0.50
vty TN 5.66 251 0.50

e
vwwn  Flanaimslufiuidmineran ol usidna uar 4 Sunsludwinasat Toun 2.avur sanvn oavindos uay 0.l

JUN 2.4 s nnsTudeliiuuy Feed-in Tariff dwSU VSPP Ngunasausssuyia (3]



AT (um/miae) s'.:u"nm FiT Premium (uw/wias)
dndesiion (MW) dwiulasams | dwdulassmsluii

nﬁun’mmﬁamw SmineeuaumAld

Il-lul-lllulnlIIIlIIliﬁﬁﬁi

frdbnBans < 1 MW
fdmfnRaRe > 1-3 MW 261 3.21 0.70
frianinfans >3 MW

mnmnn i

rhnauiuhu <1 MW 3.1 2.21

fndandndans > 13 MW 2.61 2.21 4.82 201 0.40 0.50

frdadnans > 3 MW 2.39 1.85 4.24 201 0.30 0.50
) fnwFanm Ghdrvosds)

nnwUn 3.76 - 376 | 209 0.50 0.50

NAYUIN 2.79 2.55 5.34 209 0.50 0.50

v (1) dwsn FTV sudiedusindewudnsduieduiugu Core nflation)

@ Tenmslufiviidmiasza dend widna use 4 Sunsludmirawar un oaswe s eavindos way oumi

JUN 2.5 9n51n135udeliliiuuy Feed-in Tariff §15y VSPP nunasnu@iniw [3]

= .|- FiTy )| % (1+Core inflation, ) & o

1 A Dol s vy

F!T Premlum

hggﬁﬂﬂgﬁeﬁﬁﬁﬁﬁﬁﬁﬁ """"""

BTy= amwumh\lwvﬁm‘umuamﬂumﬁawwuﬁ'm

_1!I!!lﬂ_l

AT frmanize)

1 2 M el B vl W w0 il NblD@q W8 16 a1 18 9. 0

+ [T premium|

i Ao Ditvawlniudssuy

Ul 2.7 Fasmuasiamssuaslylihuuy Competitive Bidding [3]

waglul 2560  aasglalUasudeluiliiieiBnisuseyasnan wie Competitive
Bidding lnednidenlasen1siguuseyamesailaiuanvesdns A FiT: aafiganou wag



o

pushedfUTIAduanTiiaueesedug suasuithmneidaiule Inefidamudslésy
GRTIGY

Hadeiidditagsiliidmnenisuanlnianndsnumyudsuussqmnenia
uiu AEDP 2015 létu uenwdlennuleuigaivayuresnaigud famuiesisiduses
faumdouuasdnenmlunisdniiulasinisesieuiass Ysgnouludetadendndad 1.
anuwfonsumalulad Fedeidurlandnuesnisndalnliimdsnumsudouluynussan
nsdenldinaluladiifiuszansamgauazmnzanlunsudalnin Ysyneudumideiamn
wmalladamgdnuiimunzaundeldlulssdivuadnuinvesmueaduddfey wWesan
LsslwihusaglsefazldingRudaaiiniu Idmalulagaindudnsieiu annuindouves
Tasenisfianeiu inladgniiinuluwiagiasiniseraunndrafuly n1539ounasimun
wielulafvosmueaiowiuntluiigmlfogimsgn iludniiddyiazdelilasinsusyau
arudSaidludmesdamu wazduaiosammassuuinihiiosAausslesitulssme
0819g9qn 2. Aameusunisiu luedaiiiusnivarslassmsilivszavanudusa
ilesngfasuinlymiuiunu Jafnmsraeviengavzinyadassnsausiuimundng
Tfgamding vililassnsiiauisadglnidssuuliasuasdmansenuiudmanenis
wAnlnfnndsnunaunuiininiglineld 3. arundeusuiinu SeiAudivansailunng
Ffinlasanistiu sudusvdefiasdediaedsinididnanmifivswelilasenisanunsn
Peltrsguuld meruvihainuvdelndifsdduliinniian Neannsgyidovosmie
nlihiindnlfuavanaldinelunnsvetessuudslaihasiasmuies viai luilagiiu (2561)
nadafudeliiianguanlniiontunodnvuliu 50 wngesd (Small  Power
Producer: SPP) wazgnanlwil1iansusiesdnuinuuinliiiu 10 wazdng (Very  Small
Power Producer: VSPP) masglatmualeuiisiioslinsudelnihnudneninesanedaiiss
annsasessunsieliinly welilmAnnszualiiihdeuinszuudmiedigszuuds v
Tanundeusnuiinu Badutlifed fyfinsiaunlasinislivszauanudniald 4. an
wiouauluaugy1nmeg fiieados lun1sdsgnoufanisuantiiinauiadnuini
dusznauntsdndudesiilusuginuseneuianisndtnu luayginusenauianislssnu
Tueynnroasneenans naentumsinussseuiouilsaudndivtesussrsulufiug
fagnoasslsslninwndnun Welmduluaunsssadydfnisusznevianisndany
W.A. 2550

ndoyadindrndiafu mafisfuresununisdifiueudundsnumadonyes
a5y laganiznisuiuidmunenisudaliiianndsauiiuaazviouldiiudni
Foansivsinammmalueunansulng lusasiivansituiivhussmamdandafulam
aneauthiadesnmaisunlamamgfiomeuazaniglanfou (4] fafunisdanis
n$wernsiniisilszansamludesdddmiunsldndsnuegdduveniuas ey

dielvhiifogifiomerenufesnmslussezenidmivssuunannseualnih wada
FBudmsdanisiuuudng dgninaue wu Bamsthdatuarnsdningualdinily
Taslifndsanudou [5-6] madansniseyniilulsslrifimdannudouiioanusinanis
T4ih BnsasauudaedunUssanuuEmumsldiiieiinmziuasaamsaiviinai
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gegauazaanlulsslnihndsauninuoudssiandiieg [7] maluladmsszuisaiuiou
(Cooling) #aeU3snaitiestiteUsyfiununumuseannuiauds [8-9]
dlemnsiteluinerinusd Wunsdiiuauwiersunisszgndld Industrial
Internet of Things (loT) Aulssbnliidmnaruindnunn manisudn 9.9 wneindiie
naaoulsEAnsamaesszuudumesiinvesassndslunaiindszansamnnsuimsdnnis
Tsslwihawiadnunn andnenssuvesssuuiiimuniulsznoude 3 ssfudumsnisam
o sedutuil 1 Hugunsalmanieniw wu gunsaitaausiu Sasnislua pH diniuay
1& Bedivihdlunisasatadeyamameninuagshnsldneutunssuiums sedutuil 2
szuvUsznanavsveudsimthildusauny @$wnesilei mhedaiuteya nand
waraing ilemuaunisUftRnuiauangluaiotns ssdudui 3 Gussuunanidds
atuayuuennaintudmiudayarunalvg 1Y MISAAAINNTEUIUAITINNGIY ATIATIEN
foyaiflowiuUszansammssuiunuiaznsiesng namsnadeuUsEansnimuessyuy
fhiauesoruainsnlumsUiulgsyansmwnsinuressruut o suanly
Tsslulihdaean nMsAauANNIRLIe AL LU US UMM 30AURNANN NN SHEA T
U%qwéLLazLﬁuﬂiz%m%mwium5ﬂw§a%’ﬂmuﬁiuiwiNmiﬁumumammmwfﬁu
uenaninseseitoyalussuudumedifnvesassnds Swaevoulifudemiudomnisiy
dmfunsnannszudlnfiwedssinindamna luanwwandennisuggnia deanunsalfidu
wamslumsuddaymdmsunsnaumuninensiegieddudmiunsrannszualndi

2.2 VsslWinauaa

F2u7a (Biomass) M Teguisaasfliainsssunflaslisudadomasnin
wloada THun wnay vhadna w1udes dsdiing Tiden naneUrdu sl neantidy woy
aansdu Adauantilunisdudomaeiiuaglfamdnuanuioulussfuiianse
ihlldusglonild iosndsemalneduuszimanensnssy w1ndmmaanniansnyns
Foduundandsnufidiaulanazmuizanlunisyssendldiiendnnszualnlimdanu
MNARBNNARNUNFIIUIINNOETS [10]

Yaqtiusandlnednsndanszualaindis demasdunasiuiunn daszuven
Fuszuvawadnuindslsslaihauanans meluladnisivasdondeiunadundany
oA

- mMswnbngdlaenss (Direct Combustion)

- msldanueuaaieluiana (Thermochemical conversion)

- Msldgueiiaaieluiana (Biochemical conversion)Usgnaumag

nswlysflagmss (Direct Combustion) ferfuAsndusldlunnsmsuannszualiii
Fodomdsiana lslwihdomadunainulnenslsleddldnmawidomadiang
Tuais(Furnace) dunilasviioloth(Boiler) audannaaidulothifusafugs lovniasgn
Houdlugafaiuloth(Steam  Turbine) Ssstaririuintasiuinlwili(Generator) Tunsu
iwsesiudalwiheihuszuunsmuANALSEUUNSAUAN TN dL Mntuagins e
Wtunsinfindsuginaeg
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U 2.8 uansunuianszurunsvinudmivlsdiihdunasuednuin (Vspp)
vuraidinisuanfnaslaifiu 10 wneded diegiidantayivusdududinialunia
nzusenidsuniiovestszina 15dlwihirmnavuiadninnldiniosiudaluiissian
Fuindeusesailothuunam&niswan 9,900 Alatndvie 9.9 wnyins Inenaaliiie
THlunszviunsndnnaziiieansisytlnanielulseanu 0.9 wnzdnd wdaldlungulsaanu
1.0 wngdadt Samnelvitumsluihdiugiinin 8.0 wneiad Inelddomasdmarumsls
Waen wWiend dadnlne TidesuaziuBonadatndy wwfaamensinuasluiiui Tiwde
lothuuy stoker  boiler fiflszuy steam  reheat  wagszuuisiulatLuy extraction-
condensing steam turbine Tumanannseudlniin Weindsdanaussana 450 Fusetugn
wrluszuuinlvsiliagnss (Direct Combustion) iieaindletiussdugs 45 fusledalug szuu
ihaufeuiiindeainiaissitninuieulaziniesiaiuiounduunldlndiiieiiis
Uszavsnmlunsiisumendanulfifiou 85% szuvszuisaimsouuuuidn (open cycle
cooling system) UsgnoumieneseulgnNusau (cooling tower) wasdudmiuszsuusyung
AuTau (pump of cooling tower) 5153mﬂmm%’au%gﬂqumﬂ &9t Clarified water
shuADuIALIYDS wargnUdosndugunasi dnfumstdos uafiugernia agldsunsida
Tngldin3osnnnznoulnelnihatin (Electrostatic precipitators: ESP) iilovdnauniadusiuin
Bnq MAnannsenlvslueina

PEA Distribution Line Biomass Power Plant

i

n -y .
Raw Water Biomass Preparation System @ Conveyor System

I'i(
.-r .

B

- Mamtonng g -

" Transformer
INTERNET Water Treatment Bouler Furnace

: !

Control & Monitoring System Generator Steam Turbine ESP System

UM 2.8 leesunsunszuiunsvihaudmsulsedningana
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Mialaaau awazan
Conductivity £ 20 uS/cm

BOUnit2
Cap.:3m3/n

Miinlaaay anwasag
Conductivity £ 20 uS/cm
fHavin unamadiua yunsyinn (dnail)

UM 2.12 Inezunsuszuutidaindmsulsslniihdauaa

£

ener unit
Cap.10m3/n
asanuaszdalu
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3UN 2.14 n1sauAunszuIunslsslniihdimaa
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A

Reliability Factor (Target) > 90%

Opportunity Factor (Target) > 90%

Thermal Efficiency (Target) > 22%

Maximum Generative Capacity ~ 9,000 kwh

Steam Ability 45 TPH

67 Bar

Ul 2,15 Auanli Tsaluiihdaga

2.3 Tsalwiafiredanaw

Aedanm vise Tulefe (Biogas) Aerafitheduannsyuaunistosdansansouns
wuulSeendiau (anaerobic.  process) Wnefadnmusznausaefnedinu (CHe) Fa.du
pafUsTnaundnoguszunal 50 - 80 LUesifud uazesduszneudug 1y Aw
asvaulneanled (C02) Malalasiaudald (H2S), fMwlulnsiau (N2), Aglalasiau (H2)
et mdundsnuaren Wuuvamdsumudouiiddy fednindifiniuazkiu
nszuaunstte vievinldfnedanuazeinUaenssinndu lnon1sfdnanudusas i
lslastoudalideantly Yagtumsdunisftomdnndunszurunisaiisinadanin Lo
ddennlssugaaimngsa w ssrmudeafudidends Tsanuaa Tsanudes Tseanu
waliiusgy Wiy afainfisanvhdudednd ainlaefefimuiisauiou 39.4 wns
ga/au. anunsaldnaunningiuedld 0.67 Ans Faflsuvihmdsnulnih 9.7 kwh [11-13]

JunaukarU)AzeINIainingTInIn U4AZe181ATveInI2uIunIsEuaseunsd

a a

Tngnuaiseluan1izlsoanday wuseants 4 TUADY FIlULARLTUADUILDIRBNITVINIUY

VDIAUN

| a

geinayilaniu il

~ 1 . a a6 Aa 1
Wi 1 nsaaeansluanalvgy (Hydrolysis) a1s8uvidnne ndvuialuanalvgy
wiu Wshu pslulansn wagludu svgndesaanslaeioulesl inliuanddvuadnaseylu
sUNarareinla

(% ' 1%
a

[ Y . a a6 a a a6 o <
UN 2 N15KUN (Fermentation) Qauwsa%LﬂaauaﬁaumaazmamﬂmaL‘Uuﬂw

!
5

Qe

P

ot

dunIdsziny (Volatile fatty acid)
TUN 3 N1INERNTABUNTY (Acidogenesis) LUATILSENE319nTA (acid  forming

bacteria) 9zgordansnsndunidnaeilunsneziufin (Acetic  Acid) wienidniufie nin
Wdu Mglalasiau uagiaemsusulaeanlen
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i 4 nsudnfinefiny (Methanogenesis) nsadunidseneinasgndesaaiodu
6V a s § & 1 1 = 6y (% I3
fedivunazarsueulnoonlamludiulug o1afiniglalasiaudalvs lulnsiau lalasiau
wazlotmanegiie Fesauiutendt "inedinim’

<

;5‘1]17; 2.16 Anaerobic Contact: AC

Ul 2.17 Anaerobic Filter: AF

sruunBnfeTanmiessuutimindeuuulildesndiau uiseendu 4 sunuy
Town

- STUUMINIUUAINA1INTOS (Anaerobic Filter: AF)

- SEUUMINLUUABULYNA (Anaerobic Contact: AC)

- ’iSUUMﬁﬂLLUUQwLaaﬂ (Anaerobic Up-flow Sludge Blanket: UASB)

- szuunginuuunladlad (Anaerobic Fluidized Bed: AFB)
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thansazanedunisiiiadluleasshuasefuuuediSeiiogluteruinfneg ainduie
fafiagluvedoudiatosmanlnih uidesanfeildnnimnddefefasyasdiny
nu(CHA) waglifiaUsvasd 1y lalasiaudalng (H2S) Jazdeaitn1sannIedniing
lelnsaudalidlinunluniolianadlduniianlagléisnisdnuionsesfinalolnsiaudald
Tansuiues (Scrubber) Wudadnnses iesnielalasaudalufidodudatuiwielot
fuvLUaauamwLUuﬂimsziamsﬂmuqmﬁﬂmﬂsauaq anunsavilfergmisldrureeiosduas
mwlﬂmﬂmwmiuuaLLaumumimﬂﬂimimaaﬂsuLuaﬁﬁluumwmmmm Jefipaiinisan
mwmuLLazamqmmmmm%mmaLaai (Chiller) ﬂauwméﬁ%Lﬂﬁ%aLaaiqmmmmmms
oeffl 35 a3 ndsoonindaiaefgnmglazanaundeuszaia 16 aam nieufeinfildan
nsdinAnadu 9nduarldluanes Blowen) ilagafwuasifiuusailsiimadoulUavaud
daWnfine (Buffer  Tank) uazAnefiogludsiazinadiginiesiinliiin (Generator) 18y
Fowmdadevinsdulaulundanszualifiiesnununumsvunnveaaiosiuiali
IWWﬁﬁaaﬂmﬂLﬂ%@ﬂf‘hLﬁﬂlﬂ/\lﬁ'ﬁ)zgﬂﬁiﬂﬂﬁmuq&ﬂﬂﬂwmﬂ GCP, MDB, MCC Tusesu
u398u 300 - 400 laad ndsaulliifilsezgndedng iflewelvinnslvitwialy

JUN 2.18 Tsalvifmdanufingdanim
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PEA Distribution Line

Transformer

Monitoring

IRIY-II l_ |

A

MDB

INTERNET

Control & Monitoring System Biopa Engine Biogas Scrubber System

5UN 2.19 lnezunsulselniindsnufingdinim

Scrubber Fermentative Pool Wasting Pool

Receiving Pool

Engine Room / Office Water Analysis Room

JUN 220 angugedmsulseliimdsnuinedinn
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‘State Recent Values | Hist
Values | Settings | Extended

CH4 (% Vol.)
02 (% Vol.)

CO2 (% Vol.)
H2S hi (ppm)

e ™

Gas Composition

T
|

/A__ Yy
CHY (Mefhane) =504 (40 - SPTM) 02 (Onygen) 2% €02 (Carbon Disxide) = 28% HIS (Hydrogen Sulfide) = 0%

VY S
Ui 2.21 msmeulsdbihmasaufedanm

2.4 Tsdlwawdeuuasanding

53UUNAR INHING 19 1UKAT0 TN UTENaUAIY WHITAALEID1NE Fznanlin
ns¥lansa DC (Direct Current) ilolé3uuatending uazFuarenszualili iirgunsaluvag
fulaiin siindeltrszuu M (Grid connected Inverter) iiatasulutihnssuanss 1u
Iwinssuaadu AC (Altemnative current) Aeuldensieitniuszuuesnsiiihiied ming
Tl

wasuasoinduuslalu 2 ylnlugq Ae

- Iwpduatefindvainddneu udsmwdnuazuesguaniaidu 3 U Ae wuy
KANLAEA (Single Crystalline) wuunanTIy (Polycrystalline) uazwuufdxung (Thin Film)

- waduaseTingivinanansUssney WU arsuseneunnadonenelud uanesing
waelsd Aouiesduisulnondlud awuundniies uasndngn Teluszavsnmgausisan
TN

szuunseannszualnihmewaduaseindusenausie Solar cell module @3
Mnadiaeindievuutuiolinazudlnihann viorosynsuie il fuseiulnihgdy
Charge  controller  ugunsaimuaunisuszalnindildanwaduaseriindluiiulilu
wummedlurisnaety whhlwitluldenlurisnainansiu inverter - gunsaluvadladi
nszuanssliidunssuaadu Battery  1WugunssiiAundsaulninnszuansslildlunand
AoaMT [11-13]



sUN 2.22 salviilmduuaiending

PEA Distribution Line

Monitoring Environmental

.}.‘

MDB Inverter DC Combiner Box

JUN 2.23 laezunsulselniilmdsnunasending

20
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2IANSAJUAU

'aauan.lmsrﬁ.rug
gaJaupoinas

37373017 12:91:51 AW

¥ S debdadod ;l
1
]
\
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AMMT . SN e T BRAN. Blaa RN ARET amle A T8 m 3.0 P 4-ﬂ oY A T BB

—— s e

THIS.MONTH ENERGY GENERATED
50,955.00}

EEEEEEE@E

O/ Le/ 08 1eD SGO-MEC & o by A'.

UM 2.25 wamswinnszualnihlseiimdanuiasending
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2.5 a3uvineun

msiauLrgdandssunauny dedudesiiddydmivgaiagiu fislunay
sreusza sdlimnuddlunisamuidlunianmssdawazniansideuasiauumdsy
NIUADNAIY LTU WAIUTINIA WAIULAIDITINE WAIUAY WasIuAUTaulaNan
wdanuanvezyailes wazndsnulunaunzia [Hudy

dmiuusznelng Wiloannisindihdufvuas fesssufaindasena anu
LT s unauLLag oy YAy (AEDP) Sgunalvefitmunediazifindndiunis
TindsumaunuresUsemeliifnduduiosas 30 voamslindsnusuaarienielud wa
2579 vlvszmalnedlsslimdsnumadonidatumnangludisiiihuan Tunisuims
Janslselrimdsnumadenvuiadnuiniissunian Snnuiutaymaiunisusmsdnnis
n$NEINT WU Weinde i wssruau ufuaiesdns Aluanmsadidunssuiunsldiiy
Uszansan lesanllanunsaliinIesdnsviessvuamunuisuasiofifladdunisvinaud
asaunauluynETuTeInTTLIUNITHAR Fadunsimaluladdunesidnvesasnddody
mseeniivhauls lunsesnuuulieadesinsannsadeamsiundesdnslilagnss anadnu
Aanaiasulinnganiuiiy aunsaausdoyaiiitasigntennuideadedisiung
dinaulaldognmiuri s ndustrsdadmiumsdssendlfivaluladdumesidnvosasen
AvegnaunaseninnsldtunuesaiissBvinatunmussleniidindutu fedulsuiy
dAnyfiazdesfimnsandmivnnsussanadige ihluganusiunsiundsnuvesemalneg
019898y



o
umn 3
aa v
N WHNINYIVDY
UNHUNAIRMuNUFIUA AT UINeinus 1w waluladiingiin

wialuladiendneufiang (Edge Computing) IngldiaTasmunuidenssntanunsalusunsula
(PLO) uazwaluladszuumanintudagiu sudanalulagnisudadmsulsalnindsanu

AMUSDY

3.1 AN

3.1.1 AINT29TARMUNINYDIN
3.1.1.1 f2A5799AANLEY (pH)

U 3.1 damTaindiiiiet (pH) dmiunsyuiunsindn

AINTIVINAINLDY (pH) U Low Cost Submersion and = In-Line pH
Flectrodes 994 Sensorex Sar1nradunsa-aeveii drendniaiilni
(Electrochemistry)  Aimusnefindseninedasidalnse uustumuaaududures
lelnsiaulooou (H) Fevanefemfitervesarsazats §1unisindlen 0-14 pH  Yagviain
Tndweslsneu (Ryton) dofmungamgiitazannusuil 0-80° C /70 psig

el o
|| BL 931700 pH CONTROLLER

5U# 3.2 damunuiiiey (pH) dwiunszuiunistidain
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fmuaufiten (pH)  ves Black Stone vhmiuuasdyaanisindfitey
(pH)  a1nde59Tn WudygIauInsgIu 4-20 mA firuutugn £0.20 mA undaggln
115/230 Vac %30 12 Vdc 81umsin 0-14 pH uazldnyaafineaiewinmiiieaiununis
euda-Uaduansiedl auefives (oH) e fifmuals

3.1.1.2 $i9n5929AIAUYY (Turbidity)

5U#1 3.3 fnsaaindmnugu (Turbidity) dwiunszuiunisurdni

fhnriniarAagu (Turbidity) Saammuresnilnalivinmsnizidoua
dledewuansazaty 1un1in 0-90 NTU. fianaasiden 0.1 dwiuana 100-999 NTU
AULLIUEY % VBIEIUNTIA AInTIvInAmULeaaRa 1P 68 fAdslw + 12 Vdc dyeyiu
L@IWINY 4-20 mA

3.1.1.3 fans299aaanun WAl %I (Conductivity / TDS)

e SN

-—

a o o ° A aa ° o o o o
EU‘VI 3.4 9’1'3Wiﬁﬂjﬂﬂqﬂjqﬂuq'lWﬂ’]ﬂ/ii?)V]@L@sljﬁ']‘Vﬁ'UﬂigU'J‘Uﬂ'ﬁU']'U@uq

fnsvinarNtliiusediaes (Conductivity / Total Dissolved Solids
. TDS) \Burmstransefiuniduarduvidvianuniifegluveunar 1w luana lossunie
sumafiazaeauaiionadnndt 2 luasou fvhedu @adniusednsg) laed TDS (u
Aftuendsgainmindniuuitidsaasnsasy Snvuzveninduuandusuduium
ansUudieu frendnnsiauuy Contacting Electrode Method finszualvihfilnasening
wsinazudadiutuaudiiuniu (iensnliin) vesasazanefifesnisia grunnsdn 0.5
~ 400 (pS/cm) %59 0.25 - 200 (ppm 38 mg/L) gauigi 0-70° C AU 0 — 100 PSIG
Fanyihandfiend (Epoxy)
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JUN 3.5 smvpuanuibiihvseiifesdmiunseuiunisundnu

senueurauthlwiiefidiey ve4 Black Stone shwiihiuvasdayaansiaaiamh
Tniwdefifrandnsratmdudeya nuinsgiu 4-20 mA 81un153m 0.0 - 100.0 pS/cm
¥30 0.0 = 50 ppm (me/L) AMNauiuEn £2% 8381un15in Ataziden 0.1 pS/cm fins
yavomgamgilugiu 5 - 50°C 91 B = 2%/°C Inafloninydiad 1 ¢ inszua 2 uowd
wnasg1eli 12 VDC

3.1.2 AIASIINAIINNU

JUT 3.6 M9 ualnmesAUe (Pressure Transmitter) @ msunszuiumsurUmi

NIUELNLABSAIIUAU ﬁmﬁwﬁLLUmﬂ"]Lmé’usuaalmiﬁl,ﬁuﬁwﬁmmwmuﬁmigwu 4-
20mA Tnendnnsvesiielesdaiin (Piezo-resistive) imnAudnumuUasunua s
nszvisielwaani1sIn 81un13In 0-6 Bar Uag 0-16 Bar @uvMAlnTzUIUNIT -25 A8 +125 °C
QaUUYNANINLINGRN -25 §19 +85 °C F¥EslIaIN1snevaust < 10 ms Tanfngiadin
nauauaaaiia 304 Jaglaozursuduigsndn (AL203 96 %) Ta FKM (Viton) wiaagnelyl
2-wire DC 8-32 V sy oIy 4-20 mA 2-wire

3.1.3 fnsdadnsnisiva
mnTvindnsmsivaviiaunaiiaia (Paddlewheel Flowmeter) Mlviiadieyiny

a

s

fianududsmuanusivewesiwanialuvie fwwinnduaing (Flow Switch) deygyrauiad
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(Multi-functional Pulse) 38 &gial 4 to 20 mA 81UNISNINIUA 0.1 m/s 89 6 m/s
YUIRYID ¥4 - 8 T AIANULNBRTI +0.5% VBIE1UNNTIA @ 25 °C 1IAIN1SAaUAUBIAD 100

ms

RETAINING CAP

RETAINING

O-RING CAP

PADDLEWHEEL
SENSOR O-RING
HOUSING
ALIGNMENT TAB

PADDLEWHEEL

SENSOR
HOUSING

Flow Spool

Cross Section of Flow Sensor Standard E-Series Assembly

;;1]17; 3.7 fnsnInensinsiva (Paddle Wheel Flow Sensor)

3.1.4 walulagdumesiinvasassnasdmiudansainlugnamnssy

LNARYDIBUMETIInYRsATINGY Internet of things (IoT) flgaEuduaInnTHaLN
94 Kevin Ashton 1u¥l a.a. 1999 Insssniddeieaiulaseoidenlssdeyaainaain Radio-
frequency identification (RFID) eUsgleninanisuanuarn133nns Tae Auto-ID Center
WILMINENSe Massachusetts Institute of Technology (MIT) 3nedndslagiumalulad
sumesidnvesasinds lignitmunuazdszyndldedianiievinansizainunien
AufImtmensieans viheuszananaauesnailsi siufedaneinunsinssinas
Uszanana LARSzuUoaa3ey (Smart) #1199 U Smart  device Smart  grid  Smart
automation Smart home Smart Agriculture ﬁﬁmiﬁaﬂamﬂqﬂﬂﬁaﬁ (Things) Lsﬁhfgj
iwsetnedumesiin eliildaunsniuifdoyadfyuaranunsadenisnuauaunsaiingg
5]

dmfumaluladnisidoudevosdumesidnvesassndsludagiu legniaudle
AnuanTRfuAnAafumNANLFINsdmTUNUsgNdinag  Tivasannuinisdeas 13.56
MHz §ia 2.4 GHz HelawIeulumuresUsinunssu-duloya N1SAUNANIY ANNAINNTE
msnsoUAquiuilun1sdouse
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Wide area
lications

LTE SIGFOX
GRES LoRaWAN
z Weightless
Licensed Private LTE License-exempt
spectrum = spectrum
@Q'oé : _LoRa
& (LP) Wi-Fi
0‘}&
/‘ X % _ Zigbee
W\ ZANQ
\9‘& \\ . /RFf
A J ’ ! I -
Local area !
applications

JUN 3.8 anant@nuandsiuvesmalulagdumesiinvesassnas

|

Technologies | SIGFOX '| ' LORA NB-IOT ‘| LTE-M

| Range, ')w#ihh)/ /;zm \[ e et - <agien | | <askm

Licensed  Licensed Licensed Licensed
700-900 700-900 800-900 700-900
MHz MHz MHz MHz

Unlicensed . Unlicensed  N:868 - 915
Spectrum 868MHz 433MHz MHz
915MHz P:169/433/470/
780/868/915/9
23 MHz

ok s [

W: 1kbits/s to

10Mbits/s
DataRate NaIakbfV <S10K0Ps oo bits/s 150 (<1mbps 10kbps  <1Mbps
P: 100Kbits to P
200Kbits
Battery e N
) 2016 2016 2016 B
Availability Today Today Today (thided) | RuiRdR) | (s 2020

JUN 3.9 mslSeuidisumelulagnisdeasiiaedmiudumesidnvesasinas
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loT Frequencies

NB-IOT/LTE-M/5G
EC-G5M
Ingenu
LORA/ Zwave g
[~ ]

Most LPWAN operaw MHz, 433 MHz and 169 MHz.

5UN 3.10 MsUSeuiigunIenuaud

100,000
Bpower consumption
<z - fraficngiguiice 10,000 10,000
2 < 10,000 5000 -
Z 3 5000
E 3
£
E—
=% 1000
23 1 122
3 = 100 !
gz p 7]
S E
&) 10 10 10
0

BLE ZigBee LoRa SigFox ClassicBT  LTE GPRS Wi-Fi

UM 3.11 MsUSgULgUNSMUNEGIY

Bluetooth LE

ZigBee

Thread (6LoWPAM) * 7 802.11a'b/n/ac
Z-Waye *  802.11af (white space)

ANT®

WirclessHART * 802.11ah& 802.11p
ISA100.11a (6loWPAN)
EnOcean

Plus more

«. NFC (EMV)
+ RFD

® 8 8 8 a8 e e

* Wi-SUN (6LoWPAN)
« ZigBee-NAN (6LoWPAN)

* Cellular
* 2G3GA4G
* LTE-MTC
+ 5G in the future
* Low Power Wide Area
(LPWAN)
SIGFOX
* LoRa
* Telensa
* PTC
Long range ' * Plus more
(up to 100 km)

Wireless Personal
Area Network
(WPAN)

.

Contact range
(0-10 meter)

Short range ‘ShortMediumrange: ~ Medium range

(10-100meter) , (100-1000 meter) | (-5-10km)

*

5UN 3.12 mslseuigulngsi
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PneufvtvesszuuBidnnsedng wavmnumgeaindidludidansefindiles
arwannsalunndeudedeasieyaiinau annisliinaluladszuulfane Swedidn way
Suwedidn sasenudrvinduumasesunisiiufin Jeneidoyalunuuresdoyarunn
vy Big  Data)  silvimansuszimevilandisssgnisiudsuutaslugaddsa iloains
puimthliiuiasegiawazdiny dmsuningaavnssunasnuiguieniy unldunse
awaulavadnlufinsth Industrial Internet of Things (loT) snldazifiuAnuaainves
i8UUwé’qq1uLLa3ssUUIﬂsﬂa%fNﬁugmﬁmwé’wm Fetreifindszaninnlunisda
NSNAIIUIINYIOEIDIAT8E (Smart  Pipelines)  fulliwosoaasvy (Smart Meters) lay
lasselninganiey (Smart Grid) swfsnisvensdadnianiuaiudasadelvuin wonain
IoT AeterdnfudunsnIzendauLasnsdeasthulasenienialinduwd 69
Junsusuuganszuumsdutiuniamdn q 1A 13esvesnisnsiaaeuaniugnisinauld
1nszerlna n1sgoutisnuuneInsaild nsmuauiiamiiaduanutasadey wilug
ANMNATINUNLUUBIATINYBISEUUNASNUSA38E 130 Smart Energy

egranaluladnisintazauaulnedumesidnvesassnadugnaivngsy (uan
Suunnlysimunluganisdemsiatuayuluslaneanisdeanslu Data  Link  Layer
dmSU loT wu WiFi, Bluetooth, SigFox, 3G/4G/ LoRa, Zigbee (Jufiu yniiieausisnan
dmfunisinsaregndieglusyiugadesninbuniafildsunissusoswmuuinsgiu
QNENNTIN

| Advantech Industry 4.0 Architecture ”
Solution > P 'l_l‘ &“, ﬂu .+?mk

Ready Mt Mg & lap et Wrutn & M ey e e [ — Focey by

- : e TP ] e
Platform i - 0] 2
(SRP) fl50 Fok s, =Zi
eyt Cotrmetne s eaten tue e L e s L e [
oy e A OO B8 [ A [ oS & —
B3 PR 5 .o
- “
WeblcosseV . Weblooess it WebAccess” Al WishAccess/™" WobAcorss WASE-Paal/MMM  WISE-Paak Securty
et L CADA (LT ot Mg et e v s e — Au'.lhuﬂ-—
LS VY ES — —pr -
uaw ) Ty = d- o= S5

Gt § Caliest (0 R twntion Comguies L L R R D

a= 0 Boetsotn SIGFOX

el Y., oD A &nd @ li b

0 Sewn o &5 Mnfben Wontena | w vy - Wy enn e Wowtems Cwmcr Moute Wrms o) M

JUN 3.13 an1lnenssulasstnedumesilavesassmasdmivanavnssy
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3.2 leasAaNRaf (Edge Computing)

\ondnonfiahe (Edge  Computing) manes nsUszananauardssudidagunsal
meluefotenelufiufiszer1ngd (Local Area Network : LAN) dwiiusnuideilldaunsal
Wsunsuandaaodnmeulnsaeinild  (WAGO  PLC) vhaudluensneufiohns  (Edge
Computing) Feflamssauzgslunsmuaunszuaumsvihnulaslusunsuiiiannaaunnsgiu
EC 61131-3 BnvisdiaudaveulunsUszananauazuanimadoya annsndeudetussuy
AATIALATEIUMIEIASEIUAINURERSBd M USEUUBUIWasITn (SSL, SSH, OpenVPN uaz
n$7988) Inavhauuuszuulfuinanis Linux® wazlusunsy el COCKPIT [14]

3.2.1 aaudalusunsuuiianadnaaulnsaiaasinli (WAGO PLC) ju PFC200

gunsallusunsuianainmaulnsaaasinla (WAGO  PLC) Ju PFC200 4
sruuUftanisilei - Linux® fiflenuvaende anmnsnsesdunsinudmiumueuszuy
§alul@ wagdanudavgulunisiflemurosaldnfiusuivasunuanudonisionzvesy
191 uenimionnemiiefiosnmiigand Samnsaiiuusgansamluflsidunsinnudy
1Wagiresuyswulamugasainliauisadsuduinlifunsussgndlddug Tusunan
uaﬂmﬂﬁqﬂﬂsai WAGO - PFC200 s04¥unesnnsidonsafidfaysinen gy auGONdUNY
audanieiny AIneaduny Adneaio vy wazddinasn R1-45 wag RS-232 / RS-485
S1uruaomesn Toumednla ETHERNET  fanunsodmusdilsdiiieadisnaietiousnain
PLC sidpaindetng wosm ETHERNET - aoswosmaninsaviimiiiiduaind deadeu sD
n¥n leatiuayuilsidunisiafiudeyauunida D n1suanan LU mheUsvanana
v PLC TdlUsiwaieas Cortex A8 Au1m 600 LNwLEIAY NIBUMEUTH 256 MB

[r— "
=7 e b : EF__’_ v
Seal Sl B sl
. .. 4 il s
i mE B
< e nE me
Il @ W s
i NI s
;I I
C § I
Fisldbus connaction | a £
45 -t I 5
s
"
Feidbus connection | =
RL4S —-I:-
u -] =]
Ilg m
Configuremonand || |
programming e
nterfocs

Ul 3.14 gunsaflusunsuidaaeinaeulnsatassld (WAGO PLO)

dwsumadensertuinietnelnsdmislofio amnsaidousesinuma Virtual Private
Network (VPN) fifimsidnsiauazaduayusislslnnea OpenVPN waz IPsec Tag VPN
\Jousioriuneulnsalass WAGO PLC dieevngsinu GPRS/ 3G Router Huazdstoyad
dhsaravmasion SSL wag TLS Untlasdayaainnisdndslaglallésuounn VPN anunsn
funlalagldnsdnnisuuuliu Web-Based Management uusimeulnsalaes



M99 3.1 AniawTR WAGO PLC PFC200

CPU

Cortex A8, 600 MHz

Operating system

Real-time Linux

Main memory (RAM)

256 Mbytes

Internal memory (flash)

256 Mbytes

ETHERNET

2 x RJ-45 (switched)

Baud rate

10/100 Mbit/s; 10Base-T/100Base-TX

Interface (serial)

RS-232/-485 (switchable)

Wireless technology

GSM/Edge/UMTS/HSPA+

Protocols HTTPS, SSH, MODBUS (TCP, UDP, RTU)
Safety OpenVPN, IPsec, firewall
[EC 61131-3 IL, LD, FBD (CFQ), ST, FC

Memory card

SD and SDHC up to 32 GB

Number of 1/O modules (per node)

64

with bus extension 250

250

Power supply

24V DC (-25 % ... +30 %)

Degree of protection

IP20 acc. to DIN 60529

Operating temperature W ... \PO=E
I o (Wrey
I 24V o i)
yael 1 3 DC 4‘
e 100F == Enc ¥
ov & [ -
2 o e |\ ¥ mEaE
M 24V &
§ —C 100F | ==
§ - f* Lazar
3 7 »
5 ov o
§ o & M_( N
: o é 1 10nF ==
B Z o ANT (oo )
E ; E <’j 4 8 10nF =
5 1~} W M_c J_. 04,‘!
1 700200 — . '-’it'\ J

sUfi 3.15 laazunsy WAGO PLC PFC200




4-Channel Analog Input Module 0/4-20 mA

Single-ended (S.E.)

Al2 Al
% Common
C lground)

[ground) 24V

forend) lground]

Error Al'l : Error Al 2
Error Al 3 et Error Al 4
-L. Data contads
All
G
[ground)
Al3 — Al 4 Al3
; ov
Common C C
[ground)
P Pow er jumper contacts
Fig. 750 Series

Delivered without minicture WSE markers

[

3 [8] w2

(m

Al 4

Al o—

270 pF L

=
10nfFT
Common &—

[ground)

U 3.16 lugaeunfendusm 4-20mA 4 ¥1uua

TunsSumdaauBunmnIINiIngIIin iensuansNatasUszIana WAGO PLC

T

PFC200 ldlugaaudondunm 4-20mA Tnednanadiniiuaziden 12 bits Conversion time
10 $aFI9 AAnuEanandosnd + 0.2 % YeEIUNTINEIEN WINTFIUNISTUTeN CE,
KC, ANSIZISA 12.12.01, TUV 07 ATEX 554086 X, IECEx TUN 09.0001 X uaﬂﬁﬂﬂﬁ?NIUﬂ’]i
T9AdnIINsinaaIndng19inensnisive (Paddle  Wheel  Flow  Sensor) 9¢l4luga
Aaneadunm 24V DC 8 ¥1uua Max. Switching frequency 2 kHz Tumssudggaiadiiie
AuIAIUSIasvedlnalag s

8-Channel Digital Input Module 24 V DC

1-conductor connection; high-side switching

Status
DIl..DI8

DI

Di3

DIs

D7

A

DIl

DI5

DI7

a

DI3
24VD

LA =

)
5

D12

Di4

~

DI &

~

4 i o®

oile

730430

Us—v

Dl g

waco

NOTE Connection point marking [ie., 1 .. 8) doesnot refer to channel assignment

Ul 3.17 Tugaidneadunm 24V DC 8 v uuA

9
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8-Channel Digital Output Module 24 V DC WAEn
Short-circuit protected; high-side switching
AE—n Ac—n
- |3ﬂ1.l|:I
DO1.. noa—b- h
Ll ; Data contacts
po1 ' l ;Do] DO1 DO2 DO o— <]
imm
Ll a t; W 0pk= x=:|
I f— DO3 DO 4
o3 &_ g DO 24V O 24V ©
mmi aF
l 1 J: 3 | 7 bote
DOS OOt 005 pos_[o!|o| pos
== ove ov © T
iml o 10nf-
LT, |
po7 :_I_J‘.l — D08 vo7 [0llo| pos
730330
m > Power jumper contacts s
Fig. 750 Series NOTE Connection point marking (Le., 1 ... 8)does not refer to channel assignment

Delivered without miniature WSE markers

Ul 3.18 lugaddnoatesiny 24V DC 8 vuua

ﬁm%’ué@mmmuam’tuﬂszmumsﬂwﬁ’ﬂﬁﬁ duduaumineadfiede-Un Jurh 39
14507 3.4 Tugaddnoaioinm 26V DC 8 vuua Tnszualnit 25mA ussdulniwhduda
24V DC Anudeindagegn 2 kHz 11nsgIunssuses CE, KC, ANSI/ISA 12.12.01, TOV 07
ATEX 554086 X, IECEx TUN 09.0001 X

Switched-Mode Power Supply, 1-Phase WAEUO

EPSITRON® ECO Power

U 3.19 uvasdnelrluuuaindluun 1 i

uwassreluuvaindlvun 1 wia Tusafulaidunm 240 VAC avwid 47 - 63 Hz
wsssullaliiesing 24 vDC ussdulnivifinseifion < 100 mV (peak-to-peak) A1 Efficiency
86 % typ. (230 VAQ) ndsswlwiihgayde PV 8.3 W gauuniivihiay -10 °C - +70°C fien
AL 95% MsFARILUY DIN-rail uagdl IP20
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3.2.2 [EC 61131-3

idesmsmadeulusunsy PLC nvaneganiiunmsgiuisneiu ieaandenles
wazdhiulduessruumuny AugnssINIsERUYsTmALA sERUUIYR Tdgnusarety Tu
U .. 2522 Wievihirsnsgi PLC Tnglutlagiiusmsgiu IEC 61131 Uszneulddne 5
Iy Lown

1. General information

2. Hardware and requirements for testing

3. Programming languages

4. User interface

5. Communications

dmsu 1nsgIu IEC 61131-3 Wunmsgusiavsanviuasdoyadmiunisimu
TUsunsuAmUANN1sUYes PLC 19y msszyvialunisuszmaiuusililunsifiudeya
vsaUsEanana WU BOOL, INT %50 REAL wWusu [15]

Data Types standard with IEC 61137-3

No Keyword Data Type Bits
1 Boolean 1
2 gﬁfﬁ." Short integer 8
3 INT Integer : 16
4 DINT Double integer 32
5 LINT Long integer 64
6 USINT Unsigned short integer 8
7 UINT Unsigned integer 16
8 UDINT & Unsigned double integer| 32
9 ULINT Unsigned long integer 64

10 REAL Real numbers 32

11 LREAL Long reals 64

12 TIME Duration 32

13 DATE Date (only) 16

14 | TIME_OF_DAY or TOD Jne of Hay(aniy) 32

15 | DATE_AND_TIME or DT o Oy Ty '

16 STRING Character string 8

17 BYTE B!t string of length 8 8

18 WORD Bit string of length 16 16

19 DWORD Bit string of length 32 32

20 LWORD Bit string of length 64 64

Ul 3.20 IEC 61131-3 snasguniinuesdoya

uBNINTLATEIU IEC 61131-3 dmurdiaveaniwlunrsimunlusunsuaauaumsvhe
983 PLC ladin1simuald 5 01w Ao

1. Structured Text—ST

2. Function Block Diagram—FBD

3. Ladder Diagram—LD

4. Instruction List—IL

5. Sequential Function Chart—SFC
LLGiazmwwzﬁgULLUULLazImQa%NmammﬁLLmﬂvmﬁu Ine Ladder, Function Block way
Sequential Function Chart %Lflummgﬂmw Tuvauedl Structured Text wag Instruction
List 1unw1didns 9 IEC 61131-3 aximunsuuuunufisesdussnauiaquosisas
e Tdlanwauzduninsguiedtu 1wy 3n1sussmadimys msadauazisenldileidu
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vden ielilusunsuiimwianunsaldiv PLC qulauazanindslaililaglisosusuieu

TUsunsulo
Instruction List Structured Text Sequential Function Chart
LD A
ANDN B C:=A AND NOTB Step 1 FILL
ST ¢ Transition 1
Function Block Diagram Ladder Diagram Step 2 Empt
AND A B C Transition 2
A —C ) p—
B tep
JUM 3.21 5 sUuuunwInnumnggy IEC 61131-3
PROGRAM PLC_PRG
VAR
Index p\INTES N 13
Parameter : ARRAY .[0..10] OF REAL;
Data AT 3MW5 | : ARRAY [0..10} OF ‘REAL;
END_VAR
IF SMX0.l THEN
$MRO = 0;
§MX0.2 := IMX20.0;
ELSTF-NOT $MX3.0 THEN
TMWO := 10;
END /IE;
FOR Index := 1 TO 10 BY .1'DO
Parameter[Index] := DatalIndexl};
Index) =<Index = 1;
END_FOR;
3UN 3.22 §19g19nw7 Structured Text - ST
Starc Run
—— | (s)
%IX2.3
I
Stop Run
1| ()

sUn
U

3.23 @198g1N W Ladder Diagram - LD
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Start
—— Start
—t+— Tank_full AND FIlLT <t#1m —— FIlLT>t@#Im

—1— Stir.T > t#30s

—— Tank_tom= |
o
vV
v

Start

35U 3.24 $798130191 Sequential Function Chart - SFC

(%

w1 Structured  Text—ST (untwifditugiuainaiuw Pascal  Gsusznausie
In9uArANES 19 IF... THEN.... ELSE, FOR....., WHILE....... AW Function Block
Diagram—FBD Hunwwesitsituuieniiairauitensuszananaanizedns Wy Haidu
vdennsdniun1snsaedn isiduvdendanvaniten (Wusu

A1 Ladder Diagram—LD tiunisnssliingiiiug1uunannissauauuuuiiag
vidoaasliliin Aeflsdinduiidudia vionain n1w1 Instruction List—IL ifununideuly
sUfionnu AdenwILeaTiUd Jamelumdayuszneuse dwujiRnig (Operator) wag
dﬁuﬁgﬂﬁ’nﬁumi (Operand) n1®1 Sequential Function Chart—SFC Huawiivha
wuuBuaaud Yseneuity mddunsufiRnslusdagtuney Transition Wenlufiimuel
nszvhedslunsdas Step

Configuration e

Resource Resource Variable
access path

Task Task Task Task
Function

\ Block

| Ea
Program Progra Program Program Variable
[FBH{FB] [FBHFB|

Global and direct variables .
Execution
R

{ control path

Access path

l Communication Function
5UM 3.25 1assainaveswaniuiinuunsgu IEC 61131-3
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laseasavewendnIfnuuInggIu IEC 61131-3 uanswisgy 3.25 lUsunsu PLC
nelu Configuration Usgnaulusie 1 Swosa seunnin awlu 1 Seesd Usznoumiy
w18 Task Wiiag Task agaruAunsviauvedusinsy Inslusunsuasgnitauilagniwile
awitlsly 5 sULUY im3fmuaiiud 5393 (Grobals Variables) a1elu Configuration uag
aelu Sveda iiedeulssadussevindeesa voszminlusuny

dusuiiead WAGO PFC200 anansaltlusinsu CodeSys wae el Cockpit Tunas
fimunlusunsuUszgnAdmunueie Seguuuuawiiaundulunumnsgi IEC61131-
3 TunsSudulusunsy agyinisadns Target  dadumsszyisluinavosiineadifosnns
Feuste mnﬁmmﬂumia%ﬁqﬁi@g (Program Organization Unit: POU) Tngearvunlimduy
Program, Function Block %38 Function wagtdenawilunsiaundu IL, LD, FBD, SFC,
ST, CFC

Tugesetng 2 ~_~\\\\|]/// S~

Corfighation  |WAGD 750881

T gt Plationn | Memory Lapout Gemveral | Netwiork. lumctonalty | Visuakaafion |

170 Configueshon
~ ™ Devrload as fle

7 1\ - ”
F S psadadad Yy " Download gymibol e | oA
ol pde?s{hnoan i st r
[T F + aitmesinys ondia ¥ PLC Bioweer W Lo

¥ Tuce i

¥ Qnkoe Changs L G o0k Bl

porad | [T ook Cancel |

U 3.26 lassaiisvesmendninnnsgiu IEC 61131-3 dam3u WAGO PLC PFC200

MW, SR >/ =)
Name of the new POU: |PLC_PRG | OK |

Type of POU = —= Language of the POU Cancel
* Program 1 iL
" Function Block " LD
(" Fynction @ ¥ep
Retum Type: " SFC
jBoOL _I (" ST
 CFC

g‘dﬁ 3.27 nsasiiley (Program Organization Unit: POU)
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Target access and
debugger

Code window
- EEm

|Codc elemens I

[

Messages to user -l

Project-elements

[GNUNE [Ov [READ
—e————
= SO "X
-[2] x
Faﬁ B-—Hardware connqurluon
y py i @- E,R—Bua {* Ethernet Controlle
Ve sl’"r':* S12ipiadl) t—*EFteldhua variables(FIX)
""'B.Numc:ﬂigﬂbn ~@sFlag variables(FIX]

[GNUINE]

[T IH ADygy

| |

750-559
753646
750-454
750-517
750-517

O W NN kW N e

16 D1 24v DC 3.0ms

8DO 24VDC0.5A4

2/4 Al RTD /ADJ./ HA

4AI0-10VDC s.e.

4A0 0-10VDC

KNX-TP1

2 Al 4-20mA Diff

2DO 230V AC 1.0A Rel 2CO (PotFree)
2DO 230V AC 1.0A Rel 2CO (PotFree)

U 3.29 msifislugadmiulusunsuiiuead WAGO PFC200

AmsmesAUsznoulUsunsNfiueat WAGO PFC200 wansisgy 3.28 FeUsznausie
POU, Data types, Visualizations Wag Resources 59404 Libraries, Targets (PLCs) wazn1s
fsruaareineg ntulusunsuannsaifeusofulugasieg vesiiuesd 1u Tuganinea
dunn lugadineatonvim lugasundenduny lugasurdentorvim ma lnsnisifiuuas
ssruanssaaliignsies
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3.2.3 1Uslamaa Modbus

TusTnnea Modbus gnitaundulul a.a 1979 tiedusismnsgrumsdumedida
203 IETF (Internet Engineering Task Force) llassasanisdeansuuulaatoud/idsmies
Taeflunan1979ULUU S1AEd/LsaUoud (Request/Response)  #30n15303UBLAZATT
novaLes vhauegiituil 7 viefuundeyavidedidy (Protocol Data Unit: PDU) Usgneude
swailari®u (Function Code) wazdoyaiiviinistesue w fiszdulaiedle (OS)) Fufl 2 a1ndy
oyafiy (PDU) azgnifinAnauduedy (Application Data Unit: ADU) Tasnsiiiailas
\Aeafumsszygunsal Wy mneavaa wazadmiulilunsnseseuanuianainves
Joya (Error Detection)

Y
Serial Line
Master/Slave

HDLC

RS-232 | RS-485 RS-485
f

OSIMODEL Modbus Serial Modbus Plus Modbus TCP

sUTl 3.30 lewealawatsas (OS! Layer) uagluslaneasonta (Modbus)

6 a

wisudeyalulvunedsiy (RTU)  Uszneumedeyauansiuniauoninsa 1 Lud,
wnglauitendu 1 lud, - deyanivinissudsduiuningaliiv 252 lud uwagsiansiaasy

Y

ANNYNABIVBITEYAKULTRI3T (Cyclical Redundancy Checking: CRC) v 2 Lud A1 &
915% ﬁLi‘;Jumﬁﬁflmmmmﬂ%’aaﬂanﬂhé laishun Start, Stop @z Parity Check laedisn
Slave hildstoyasenunavadesiadensd (CRO) udrdsmurheluddeyasenin ndsaniy
wie Master  lasuisudayauaznantoyaoananninsuudlagyinn1sAuInAIZe1sd (CRO)
PgnaFieau Slave ievhmsaiouifeud@ensd (RO v 2 Arimsafuvdelal minla
pssfulansiAaauiianain 913U 331 Tnuanisdalsuvesuentaeiy (Modbus
RTU) Bafunisdsdoyanuuiavgiuass (Binary) walaauszneufiononiasa (Slave D),
Function code, Data way Cyclical Redundancy Checking (CRC) d@1niunsiadauaIy
RN LRSI
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«——— Modbus RTU Message ——

€ MBAP Header » «— Modbus TCP/IP PDU —

Transaction ID|| Protocol ID Length ||UnitlD -_

Modbus TCP/IP ADU

A~

3UN 3.31 sUnuusuteyavedlusinaeauenya

wonta TCP/P gnitanTulaeiiingussasdiiionsihnsdemsuuudumosidaunld
flugunsaldamin Ethernet Device szaglunisldnudmsunisiiuans LAN Ag 100 w03
Tnganansavenezezlunisdearsialaonsldgunsal Repeater  Tunsdeansinevialui
A5 100,000,000 Tameduidt (100 Mbps) LLaxL%auaiaqﬂﬂsmﬂlé‘lﬁﬁi’ﬁmﬁﬁmu mﬂgﬂﬁ
3.31 luuansdansurestenta TCP waldaUsznaunay Address (Modbus Application
Header: MBAP), Function code W@ Data

Modbus Master!

Modbus Slavel
Modbus Sem_r .

R s e
= X

N\

T

sUTl 3.32 wantia (Master/Slave) d1m15U WAGO PFC200

dnsuiiead WAGO PFC200 MODBUS s1atmasazdin13esve (Request) LUdy
vendaaian laefeseuszneusesiailaidu (FO), ueatiawennsa adn), Lavifulas
foya (Data) s uMIeITouTidoins luvazfinsneundu (Response)  zAuATIFDINS
nduw duUsenaudiy FC, adr, count 91uIuvesinvTeNisY, data YoyanszuIunIs
sUluunnsEsueniasatiielirianheanuddmivdunmuazioviymlugaluldsinaea
MODBUS ausn5514 IEC61131-3 uansdsgy 3.3 lag | nungfis Buny Q nunedis ominm
M viun8fis Merker uag X @io U B fio Luvi W Ao 135w (16T%) B A @43sn (32Tw) x Aa 133
VueaAsA y Ao DnueaAsa YU %IX1.7 wuneds Suwndviwualuisviaes %QD2
yanefs vimsudaisniiaes Wud



Hardware address | Description

% Preliminary character
I Input
Q Cutput
M Merker
X BEit
B BEYTE
W WORD (16Bif)
D DWORD(32Bit)
x.y |x-Word address; y-Bit address
Examples
%D{1.7 Eighth Bit in second word
%IWO0 Input word 0
%QB47 Output byte 47
%QD2 Output double word 2
%033, 14 Bit 14 in merker word 3
YlLW3 Merker word 3

5UN 3.33_ sviailandudmsulusinneanenda

Ry -

10 | Dt [Tosonin

=P T
C = — = -
7 2DI24VDC 3ms:
! .N80 First digital input module with a data width of twa bits.
750-400 Since the complex input modules from “runl” already
9.IX8.1 occupy the first 8 words, the digital mputs are put to lower
order bits 1 word 8.
%QW0 2 A0 4-20mA: h
220.584 First analog output module with a data width of two
1 %QW1 words. This 'O module occupies the first two words in the

output process image.

%IX8.2 4DI2NDC
] 2.IX8 3 The four digital inputs of this I'O module are put behind
NS 4 the two inputs of the 750400 and are in the eghth word
°'-I.\:8. 5 of the input process image.

ra

—

(5]

750-402

%QX4.0 (4 DO 24VDC:

%,QX4.1 | First O module of the digital output. The VO modules of
QX420 the analog outputs already occupy the first four words m

. QXJ-; the output process image

*.IW0 ' TAT3-20mA:
First I'O module of the analog inputs. This IO module
occupies the first two words of the input table.

RS231 C9600/8/N/1:

730.650'] 1 22 The serial interface module 750-650 is a complex O

S & *%QW2 module represented both in the input and cutput process
%QW3 images with 4 bytes each.

%IW4 4 AI0-10V S.E:

%IWs The VO module 750-468 follows the 2 input words of the

SWe 750454 and the 2 mput words of the 730-650. The 'O
module 750-467 occupies 4 input words (4 channels 0-

%IW7 10V).

220.600 End module

- The IO module 750-600 1s a passive module.

T750-504

750454

[ B S VRS N Il I P O

750-468

Bl R L

C* : Channelcount
5UN 3.34 diun1suszutanadunmiazianying ¥ed /0 luga WAGO PFC200

FC Name Description

FC5 | Write coil Write a single digital output

FC6 | Write single register Write a single analog output

FC15 | Force multiple coils Wiite several digital outputs

FC16 | Write multiple registers Wiriting several analog outputs

FC22 | Mask write Masked writing of a register

FC23 | Read/write multiple registers | Read/write operation to analog mputs/outputs

5UN 3.35 siailandudmsulusinneauenda
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Input/ Output Image Iugﬂﬁ 3.34  AUNBIINIIAINUANLIBANUTIEINTUND I
Sunn-e Wiy Tasfmuaussin/aunvesdeyadmiunesndu U 335 wanesia
flardudmivlusinnoauenta ddddlunisssysianisdniuns wu nsewuiadeu Snnie
Adn 1wu FC5 Ao flsitusygeliinamesannsnviinsasuanuzvesresdanglus
gunsalaaniladnduoavsudesueasUszneuseuennTaYeInDduaran s IdaIN1TaY
Wasudmsuneudiu 9

3.2.4 DuAid (MQTT)

WOUANT (Message Queuing Telemetry Transport: MQTT) 1Julusinrealu
sefuudnndindy (Application Layer) fivisnuuuaufin TCP/IP (Transmission Control
Protocol / Internet Protocol) tiluslnmeaiiisuieiiminuiuarldnude Fsguuuy
nsdsdonunuuiudv-gualasy (Publish-Subscribe) sewinglaatdunt 1@siies (Client-
Server) LBuaii Idsuntsimundulanuitn IBM uag Eurotech ud aa. 1999 Ggn
genuuuanifivunadndmsunisdearsuuuiaiesdnstandesing (Machine to Machine:
M2M) Tdndanuuazuuusisiiiusyansnmlunnsdeansfigs QoS (Quality of Service)
Wit lUdlusyuvanas (Supervisory Control and Data Acquisition: SCADA) d1wu
Foudereduiiuuueiediedumesidinariiion antusumiivinaredu 0ASIS  Open
Standard lud A.A. 2014

mobile phone
publish

device / sensor MQTT broker

laptop

JUN 3.36 1Uslnmoadufaii

Wumid  (MQTT)  wWuan1tnenssuuuulaaduy w@swiies (Client-Server) 1ag

gunsalnsefmnsainvatenivagrimihnluleauiviinisweusdewuu TP TUds

6

@SWnes  wsedailundilusnines (Broken  FaiivihiiluialeuviedsdayalunisTuds

(%
v a

. s ] & ¢ a g v & ¢ o ¢ s
Message’ syuinglaatdun Mlulavisiudves waz dualasiiues

laaduni (Client) vunedia sivdves vie dualasiivesiwouseuuusiugugluds
Broker @9@11150L0uAalALUU persistent 71514 session AslilUanaoAaLoAAAe

AUTUSNLNBS M3WUU transient FIlUsNLNBSLLAILSORARLADI UL L
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Tusnnes Broker) 1y wewduisfiviuiutenuiamuniildaniuavises uéas
daelulsidualasiives muus Topic 7 client 161015 subscribe 13 Tne MQTT
Servers/Broker ﬁ?umﬁﬁaﬂl%’mwma%ﬁwm LU Mosquitto, HiveMQ, paho, ActiveMQ,
RabbitMQ 1Jusiu

foula (Topic) Juwilouwasasa viereusness (Endpoint) vulusninesilaa
Buivhnsdeusorieuddaninuseninedy

Control

1 Byte 1 to 4 Bytes 0-Y Bytes 0-X bytes
Fixed Header ' Not always Present
Always Present Not always Present

and size depends on This contains the data
message type being sent.

E.g A connect Message
doesn't have a payload

JUN 3.37 lassasndennuiildlusinneadudiii

4 bits 4 bits

Packet Type Examples:

Connect =0001 =1
Connack=0010 =2

| Disconnect=1110=14
' ontret

B
P>

r'y

8 Bits
;J‘Llﬁ 3.38 Control Header

Name | Value Dlreggwon of Description De cimal
Reserved ] Forbidden Reserved
CONNECT 1 Client to Server | Client request to connect to Server 16
CONNACK 2 to Client | Connect acknowledgment 32
PUBLISH <] I: to Server | Publish message o

Y
=0001000=0x10=16 decimal

=0010000=0x20=32 decimal

gﬂﬁ 3.39 Control Message

MQTT Control Flags (Partial)

Table 2.2 - Flag Bits

Control Packet | Fixed header flags | Bit3 | Bit2 | Bit1 [ Bito
CONNECT Reserved [ 0 ] 0
CONNACK Reserved 0 0 0 0
PUBLISH Used in MQTT 3.1.1 _| DUP' | QoS® | QoS® | RETAIN'
PUBACK Reserved 0 0 0
PUBREC resened /[0 Ao o o |

7

Tifpllcate message

Retain Message
Quality of Service
00,01,10 =Q0S§ 0,1,2

;s‘l.l‘ﬁ 3.40 Control Flags
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WNANBUAIAR (MQTT) Usznausie 3 @ fe fixed header 2-5 lusi, variable
header (813l3iU51ng) wae payload (@13liiUsing) mueaau
Control header Usznausie Package Type LWoUanvLUAU9970AM (Massage

Type) Wa Flag Lﬁ"e]’i%‘q QoS Tunsdl Publish YaAa

# Message types]

CONNECT = 0x10 =16 decimal
CONNACK = 0x20

PUBLISH = 0x30

PUBACK = 0x40

PUBREC = 0x50

PUBREL = 0x60

PUBCOMP = 0x70

SUBSCRIBE = 0x80 =128 decimal
SUBACK = 0x30

UNSUBSCRIBE = 0xA0D

UNSUBACK = 0xBO

PINGREQ = 0xC0

PINGRESP = 0xDO

DISCONNECT = OxED =224 decimal

gﬂﬁ 3.41 wlnvedaA1Y (Massage Type)

MQTT Connect Message Structure

Fixed Header Variable Header Payload

-« L T —
Byte 001 23 456 7 89 10 1112.......

fﬂ\—

control \ Keep Alive 2 bytes integer
length

Protocol Name
Protocol level

Connect Flags

0x04 = 3.1.1 User name flag = bit 7

Password Flag = bit 6

Will Retain = bit 5

6 bytes=2 byte length + 4 Will QOS = bit 5
byte name will QOS = bit 4
Will Flag = bit 2

Clean Session = bit 1

Reserved = bit O

python_test

Wt:on message code example

connecting client =, quueaie, clean session = True
sending command 0x10 sending flags = 0
sending bytearray(b"\x10\x17\x00\x04MQTT\ x04\x02\x00<\x00\x0bpyth

on_test") /1 —_— — o O
) connect flags clean
Total length =23 decimal session is True

keep alive =60 seconds
Ascii < =60
length of client id Oxb = 11 decimal

JUN 3.42 fetetaninu Connect NlHlUsInARANRALT
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dmuiinead WAGO awnsaideusegszuunandlnelusinnealdufaiifl (MQTT)
Kuefilowaundindu (APl Application) #i38nin Cloud Connectivity sUsenausie IEC
61131-3 laus3 wazdundueundiatu (Linux Application) fiRndeasuuiivead

laus "IEC 611313 lddmiumadoudedsruunand Sanauth feil

- Variable Logging (Telemetry): #eAtuudondmsutufindauusainlusunsu PLC
U8 Cloud gimumaniiuaiannsnszyfuusiivioansmeuns (publish) ¢ wievisanuns
szyanudlumsguuazermilunsiweunsteyaidionisiugaandld

- Faulsidenlesfureadndulagldensdviin typVariableDescription Fa011563¢
Iﬁ%’aaﬂmﬁ'mﬁuﬁuwi Wy Tag, Unit, Address, Value Type, Type ID wiouvsglugarves
sty

Sample Interval | Publish Interval | Max. data points supported

1 Second 1 Minute 10 collections each 120 variables

100 Milliseconds 1.Second 10 collections each 20 variables

5UN 3.43 fregnszeziiainsdulazineuns (Publish) Jeya

Contents Configuration / Runtime o
-
Programmlng Web interface for displaing -_ 1
of data and triggering of [ L]
commands. -

3. Cloud Application
-

ng Wago Cloud - use and configure the Wago

|
Bz - Monitoring of data Chend u’? ' el
- - Agrwisiage e | o;romlmmmq & own cloud
.C ' o - v
Controller state monitoring | application using the defined ———— o~ f L
| Message Formats (JSON) ¥ r .
A

Data is received and
archieved in the eloud

2. Linux Application
and

Configuranion of
Linux Application

Embbedded Linux application .
&) (1PK Package) -

- Buffering and formatting of data fata i bytagpd and

wia Web-Based-

cemmande

| I
| 1
| A |
Publishing of data Managment } L‘;:(:J:‘:onﬁ“u'.blo |
I - Forwarding of cloud 1o device
| commands g | » . I
Publishing of nade information T - ﬁ —_"u
: ) g
' ali 4] [z ‘
} o . 3 o= - ]
I 1. 1EC Libraries CoDesSys! Programmingot > Mjo 01 °
I 2 copesys 234 ercockeir £ 'EC dpRlication Execution of application !
| O IECE1131 Libraries " . "‘ n | - - Data logging 1
- Legging of Application - - 9 - Command Execution
| 2 variadles i I
I = Handling of cloud 1o device e |
I

JUN 3.44 A wsiunnsitensiedszuunag Inalusianeadufiiifivesiivead WAGO

- Command Handling N15ifpumasenInefikoaduazsruunana mlalag 3 Junauy

De
=D

- Msasmzdeulagldilaiduudon FbCommandConfigurator
- lansiesvelagldflenduuden FbCommandListener
- povausIN1ssowelagltfeiduuien FoCommandResponder
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Cloud

FbCommandConfigurator
unigue at the
begirring

FbCommandListener
FbCommandResponder

a aa

JUN 3.45 ardnisanseriuszuuaaninlaelusinneaidumaiii

Diagnostic Cloud platfarm Asure b

T} ! TRuMFlalefy choplitbasumennd /LI L e
i
]

« DpenyYPN f IPsec

!
|
A WS SRl P U ——
« Sarurty : \toftiguralioh A\ \ I /=Ll © | B
» Legal information i Host Nome TaTHUb. 2. azure-deul tas, net
- ~
W s—————es?d  Rcuvatonkey «Priniary K8y Lham Azure Portals

5Ufl 3.46 WAGO Cloud Connectivity WEM

= s

fundueundiadu (Linux Application) fe Lenwaiaduilvhauuuinead WAGO
Feurarulausns JEC 611313 $g Inter-process communication (IPC) ¥n1sdeansiu
Aan eldluslaaea MQTT  wazidnsialaely Transport  Layer Security (TLS) 119
MMUUAATLONNAATUAINITaALEUNIUN9LUTIASY Web Based Management (WBM) @4
5U 3.46 angUaziduniaden Cloud platform AwuaAn Hostname fnalduinisdu loT

Hub A1vumA1 Device Id, Activation key

3.3 52UUARANIA

FEUUAATIA MU iz‘uummﬁaL@@%ﬁaeﬂugﬂLmusuaqmissmsﬁ’uﬁ‘[@aLs?‘iamiaﬁ’u
Wussuuadaimes (Cluster Network) sunisanassndnennseemaluladedvialawsdu
(Virtualization) tielWimeuUaLaNILUINITHIY ‘Lﬁsaa%’uﬁ’uﬁﬂmwﬁi’fﬂmai"]mumﬂﬁLﬁ'u%{u
2819599157 s“z'fw%miﬂanﬁﬁgﬂquﬁwmwms WU

Infrastructure-as-a-Service (1aaS) - U3n1shosTaLuuTuTiasadadlan
LAS8918 BI85895UANABINSITIUIUAITUSLUIANaVS DEARBLST
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Platform-as-a-Service (PaaS) - USMssuunannasudmsuganins (Wi U wow
WaALATU AN uAESIes sruuUssinananansdniussdnsuwelng wazdndawisous
Tagvhaumeldnsmueuiumiuvasadoge) MiFonldnuldiuduwenmiiady

Software-as-a-Service (SaaS) - iduuinissunennaindulasdnaiusnisidula
wuRved Ly vIemuUsHIansldu

Data-as-a-Service (DaaS) - lrusmsdeyaniodurlosiutuainaannddus Wuunas
\Auteyaruniedeyaiiielfifonloamsiingzs

Business Process-as-a-Service (BPaaS) - Liunanddmiuuinissnussiafifesnis
USUUTINTEUIUMINNGINaL InNaaNEN19gIRale

dmiunisuszendlyluseuu Industrial Intemet of Things (IloT) TmgUsyasAln
nszurunsSaluiifdanuaandifinty 1nninfususuesyhanundilateyanin
"Things" Ineld8umasidauazmaluladszuupanis  qunsalillead WAGO PFC fluonn3
Lﬂ%uaﬁuaigumil,%amiaf‘ﬁ’UizUUﬂanﬁmﬂﬁﬂﬁﬁmiﬁm6] Wiy IBM - Bluemix, Amazon
AWS, Microsoft Azure, Google Cloud $238% Wago Cloud Data Control fifauuy
unanWasuues Microsoft Azure [16-18]

/,CJAGO Cloud by

N
J
(™

[ Data Control
(Microsoft Azure)

. "‘\
Microsoft
o i Azure
~i A
Amazon Web Services

(AWS]

Other
Suppliers
1BM BLUEMIX

ration via Gloud connectivity is posaible with al¥
e PFC100and PFC200 Controller

a

JUN 3.47 N1silipusie WAGO PLC d3suunaninmeldumiiiii

3.3.1 WAGO Cloud Data Control

WAGO Cloud Data Control tiuunanwefuszuunadfivimuiun Microsoft Azure
sesuUNsasdoyanIn WAGO PLC iieuszgndldiuauaiunusnluiisnsg lugnamnssu
U nIrvIuMIgEATNTIINTEUIUNTIRARN LAl szuutitath uareiasdalusiidie
wAlLlABRAIETIMAEIMINTINATIAT 5095UN15venelug Industrial Intermet of Things (
lloT) figldansnsadinsesideyauasszyuualiiiidmasiogsia vienszuIunsnan

gunsal Wago PLC anunsadeusenseldu loT eateway GRAPHIRONILGHRERN
Wslameanaauuselugadunyvaney dwudeyaludiszuvdumesidnlag Ethemet %3



a8

3G Mobile interfaces e MQTT lUslamea anansaikeunsdayadn PLC luda Cloud
sa¥ufdaiidsnin Cloud 1189 PLC §ldanunsaudmsdanis WAGO Cloud  Data
Control siumswesvialiu e feileddunanideineg nsdansgld msnsieaevanius
vosguUnsal ufamaudafiou Sntadinsdihsadeyaruniseeuuesa SSL / TLS 1.2 il
Shwanulaensievestoya

Data model, Rules,
Hardware, WAGO Cloud Dashboards & Reports
Application & Data Data Control
(Microsoft Azure)

i Stream Service
F ¢ Analytics Fabric H
antel i 7| Website / CDN
; i S”ha i WebAPI
/ H Web
: '—): Azure @ i H @ Browser
; : H —
g loT Cantroller | N Functions Table i :
3 = H 10T Hub <’> Storage
3 g8 -—— i
< |- . L
P ; i
2 P
s e Power Bl
]

sUN 3.48 n1smuANtayaniely WAGO aatin

Web-Portal Bu siness Application

_..- Ao 1 i C:T-';] [Py | R
Smgys s e

. = e i 2 ¥ E &" i
mﬁuﬂ- B x s <3 e
'b“ e 22" Lkl -

REST

OPC UA
Cloud Services /

On Premise Apps

WAGO Cloud
Data Control
(Microsoft Azure)

Ul 3.49 MsUsEYNALY WAGO manad
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3.3.2 Amazon Cloud Service: AWS loT Core

Amazon  TUSnsunannesusyuuransdmdudumedidavesassnds (o) 7
138A771 AWS loT Core s‘i’iﬂL‘TJuLLwamWEﬁumﬁmmiiwmm'sﬁﬁ'L%ﬂm%gamﬂqﬂﬂiaﬁ
Uanen14 (End devices) lngluslanoa HTTP %39 Message Queue Telemetry Transport
MQTT)  Igmsimszidoyanialusunsulszgndsngg naesednedumesidalalaadie
uazUaende ssdUszneuLazminfives AWS loT Core dmiunuussgnddudumesidnvos
assnds fivasdondeluil

_ _Nnp
AMEsc@amazon
iF webservices

Transmittad
Intormet - 4#&

Connection o

BN
- P

TCOCKPIT
Collections of variables:

WAGO PFC

Cloud Connectivity

sUl 3.50 guUnsal WAGO PFC Uagszuunaiaf Amazon loT Core

AWS loT L=t O / .
= 1]
| MESSAGES |F #‘amnm
\ wob 3ervices.
‘ l —\ s 4 AWS SERVICES
B N o = —
/f \% —‘/ /—\ — RULES ENGINE d With these endpoints you can defiver
a MESSAGES 13| messaces | | 9®© ) \ TrnsfafoRevice messoged 4 messages to every AWS service.
\ / l. )_ e based on rules and route to
/_ h - S ———\ \ 1%L AWS Services
\ e I N _/ i
AWS loT DEVICE SDK AUTHENTICATION DEVICE GATEWAY o
Set of client libraries to connect, & AUTHORIZATION Communicate with e
authenticate and exchange messoges Secure with mutual devices via MQTT, | — X e z
authentiation and encryption WebSockets, f | MESSAGES @ —
andHTTP 1] { } | — =
NG A =
g APPLICATIONS
/ DEVICE SHADOWS Applications con connect to
==F - - Persistent device stote during shadows at any time using an AP
5 4 L i intermittent connections
REGISTRY
Assign a unique identity to - AWS |oT API @
each devices

gll‘ﬁ 3.51 1As9a519Aa198 Amazon AWS loT
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AWS Users

= AWS security
credentials
= fwfvbjssesrecurity * SMpoicies
|1 1] credentials
+ IAM policies oo
B )

_—
Device oy

*ﬂ = loT certificate i
= loT policies N

4

&L

AWS Cognito Identity r
@ . Auth providertoken + AWS r 'g:;.‘:es
security credentials AWS IAM
+ |AM Role policy 2 Roles -
+ 10T policies + AWS security v
credentials

+ IAMRole
AWS User policy DynamoDB Kinesis Lambda

@ . AwS security
credentials
1AM policies

w o .\)
o e g
—1 Policy
o] e—
4 . 1= -
Private Key Policy Rule T Policy Execution
SDK' /& Certificate | — Role
IAM Role

Thing/Device AWS loT AWS Services

JUN 3.52 msBududinuuaznisnsiade udvsuuunaneasu AWS loT

~AWS 16T Device SDK (fulavund open. source ATWIANG LU AT C, C++,
JavaScript, Python ﬁﬁaaﬁlﬁ;ﬁﬁmmmmimﬂ?}aum Things LU8s AWS loT lalpgazainuas
Uaanne
_ Authentication and Authorization AWS 0T Core ftunsunstuduinnuuaznis
i svidlunngaavesnisidose LﬁaLﬁum'ﬁﬂqaﬁéf’muLLazmiminaauﬁwﬁiuvgﬂﬂ%ﬂmmﬂﬁ
LLaﬂLﬂﬁsuﬁa;ﬂaiwdwqﬂmzﬁuaz AWS loT Core
AWS (0T Core 1438nsigatifmuiiSonia “Sigva” (Signature Version 4) daidu
nszuaLnsiindoyansBuiudniluga AWS Request iiloasiimnasnsis Tnsgunsal
Things zABILARINUAIE Access key (Access key ID Way Secret access key) uag
Certificate Tunisidauste Things Wiy AWS IoT Usznaugne 3 Sunou Ao
- @579 Thing - Tumiin@ag Management - Console  laafuun Name  uag
Attribute
- @574 Certificate Wazwuu1Ay Thing
- am Policy amﬂu Actlon YN Thing LLa”LLUUL‘U’mU Certificate
sleduiiunsita 3 mumauammnmm qranunsaideusie Thing Wfu AWS
loT 1g1
Device gateway Wulasfinesdmiunisdeasiu Things  sunislusinaea
MQTT, WebSockets tag HTTP 1.1
- Registry 1dun1simvundeyauszdndidmiuaunsal Things 1wu Attribute %i3e

]

Capabilities
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- AWS 10T APl \Juia3asile Application Programming Interface vintinfigaelunis
UIMsInnsuserdnnetayanien Tussuuaandn Wy usnsianis Things,  Certificates,
Rules, Wwag Policies Lileai1slusunsuauuszgngd dmiu loT Tagldnsfosvonuy HTTP
w30 HTTPS

- Message broker \unalnnissu-dadeauszninegunsal Things uazauuszand
AWS  1oT ludnuag Publish  uaz  Subscribe  lagluslamea MQTT lagnse visoH1
WebSocket

-Rules engine Ludane3dulumsusvananatoninu/deya uaznaidenledlug
U3nsaulunnanwesuves AWS iy dsieludru payloads vostoyalugs Amazon  S3,
Amazon DynamoDB %38 AWS Lambda Husuy

- Device shadow tHugunsal Things iaflauvde "1’ flad1stuflouansanuganan
yesgunsal dmduliueundinduniogunsaiduannsnsudernunagldneuiugunsalls
wigunsaiturzoonlaifnnm

Rules Engine connects AWS loTto 1. AWS Services 2. Rest of AWS
External Endpoints and AWS (Direct Integration) (via Kinesis, Lambda,
Services $3, and more)
S3 DDB Kinesis RDS Glacier
5 L1, Actions * g’ . ‘
S T mn X 1) N wgyoss Wi
®PE w0
Rules Engine SNS  Lambda 5QS Redshift EC2

||

. 3. External Endpnin_ts
(via Lambda and SNS)

SU 3.53 Rules Engine waznstdenlesluguinsdulu Aws

faiiiiuinasuluumanrosa AWS fianansndszandlddm3u Industrial Intemet
of Things (lloT) Ly

- Amazon S3 (Amazon Simple Storage) \Ju Cloud Storage ﬁiﬂumﬁmﬁu%ga

- Dynamo DB Wugudfeyauuu NoSQL  avsnzdmiunulszynddmiy Big
Data, Machine Learning %%aﬂ@apﬂizﬁwﬁ (Artificial Intelligence)

- Lambda Uu Faa$S (Function as a Service) ﬁaﬁuagumuﬂizqﬂﬁuw Serverless
#iauunde Java, Node js %3e Python tngazsumdadlefingnisal (Event) snnsedu o 1
flardulusnudeyaann database wdUszinana iovnAfitesigauddstoyanduun 1
A

- EC2 (Elastic Compute Cloud) Juuinmslaamidswinesees Amazon lag 1u
FSulnesiafiou (virtual machine / virtual server) anansafndaszuuURoRntg (0S) u3e
gondLFesnsle
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ul Microsoft
"

Azure

Instance Families 7 7
Instance Types
Predefined = =
Custom nstance Types NA NA
Reglons 12 2
New Reglons (An- 5 5
nounced for 2016)
Zones 32 NA
STORAGE AND DATABASE
Ephemeral (Temporary) _Yes Yes
EBS- Magnetic Volumes, -
Storage PIOPs S50, GP-SSD Standarel Premium
Object Storage 53 Blob Storage
Relattonal Database RDS AzuieSOL Database
Archiving Glacier Azure Bockup

DynamoDB, EMR Kinesis, Azure Data Factory, Azure
NoSQL and Big Data Redshift, Machina Learning, | DocumentDB, Azure HDInsgit
$3, ElssticSearch Azura Stieam Analytics

Virtual Network ¥PC Vet
Public IP Yes Yes
Hybrid Cloud Yes Yes
DNS Routasi Anyre DNS
Frewall/ACL Yes Yes
PRICING STRUCTURE
Pridng Par hout roundad up Per minute, rounded up
On demand, 12 month
Models On d d, -
emand, reserved, spot Drepay’

5UN 3.54 wWisuilsuraaudiuinisnang

nsiSeuiisudounnaannuadRd miusTUUA AN aNAULUTEgNA
sudumesidnvesassnds farsanananuasatunisiuinslsgduiiinesenisimmn
wazldaulaanuinis anuausalun Tiaseidn N1sdnnisAanisdetaniy saus
AudnwuziozAaduayun T oT

dmsumsanelyineninust Wisudieusening Wago Cloud aduunannlodud
fiauun Microsoft Azure uaz AWS loT Core awiituldn s Azure wag AWS a@1ansn
ATRERULaINwIAUUaenduTEAugUnsal advayulusiemea loT  1wu MQTT  wae
AMQPS woufu HTTP usiilesann Wago Cloud Sseglu Beta Version daduszdiuids
wWa vilinesdusznoundeilsiduiatuayusiunisussinana wagnsBangulunis
foufudoya luniteifadenfnvuasiaunulssynd lnsunannasu AWS 1oT Core
Jundn
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3.4 weluladnisnanthdmiulsdlningana

Tsslifhnandanseualnihlnsodendnnisudsundinuidemadufundany
Iyt Fefilovnusanandlunsuyuifaviu (Stream turbine) Fwiu uenaniinEILE 11
foidussdusznauniliiiddysenssurunmandnlaonss msldilulsaluihdama gnuus
eonidu 2 diu Ao 5’13%"11/1%%53%%@'@LﬁuLLazﬁflé’w%’uﬂizmumsmamlaﬁfwLL'm‘fuqa Tneh
NUNAETIUDIRIYNNIIRIUNSEUILNMTUITR Ll AU TRnInen s eesdUsEnoy
maadifivngas [19-20]

PAC

Polymer
Reservoir water Clarify water NaOCl UF module UF water

\\
Activated
carbon filter

Alr compressor

EDI water EDI RO water RO module
LT ©b )%
' -I/"---‘--'_ ) i\
- 41 ————— R L
3 On -

Micron cartridge Micron cartridge

5UN 3.55 lnezunsunsyurumsuanindnsulssbnidug

nazUunsnamidwsulaliihdanaussnaufaesruunstinuagnnsnses il

3.4.1 Pre-treatment n1sUnSAIYwASEaNTS

\uduillduantn Clarify water 7l3lussuunaeiiu Tnafusuneurssmstiigu
mﬂﬂalﬁufwﬁuLéﬁwgiﬂsxmumsmﬂmﬂau Tnginansiniliite1ssUFA3en Coagulation uaz
Flocculation Taganswafifldleiun PAC, Polymer Yonandiinsiinansaasiy (NaOC) Lite
giTe uavenvaziinisiiiniua NaOH weusu pH lunsaliidunse

3.4.2 Ultra-filtration ns2UaUNISNIBIRUUSARGIHATTU

N5EUIUNTNTBMUUSARETILATTY Ao nsldanusudunssduindsuinlnaniu
wusy eusnluanavesansnoaaosd YAun3s uavansduqiifivinluanasening
300~500,000 anasiu (Dalton, Da) 20NN FaUTENOUAE

- funeunisnses (Filtration) Lﬂuﬂizmumiﬁwﬁﬂmum%qquﬁwLsﬁw%nw’fma'w
l&ns0q Aiiliiiumansosargnavausgudnasululénses thiliiunisnsesdrumisasgn
Aulagredoutitovnanuarenldnses nifsanduszivlsludufuiiazennitouslan
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srprnalunansasduegfunmamuosuaniiineds aastiosndt 48 wiit udaarsdng
foulovhauazenn

- Sumeunisdnadiou (Backwash) Wummhauazensldnsosenisdaenasi
nseafiols wanusuduuazdsanysnvanoon Tnerainisdsdeuiiudusgfuamnimuani

MIWEEA AI58E 20- 60 Fuil

FEOR CaNCONTRATC
CorCTOR

Crons Segton - Batrstom Mode Crons Sectuon - Magkmarh Hode

Foed
Eoed Tank

-

il
v
¥
v
LrEmw

Drain

35U 3.57 N32UIUNNINTON
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Faad
Feod Tank

Source

3UM 3.58 nszuiunsanedeu

3.4.3 NTUIUNIINTDUUUSIIDSH004 uTe (Reverse-osmosis)

\Humsnsesseibeuuunila (membrane filtration) Tagmsliausiuiiganiiana
suoalafin (osmotic pressure) Yililuanavesnadoufininanarsazaefidaududu
geuLUsUATvunanBagsie 0.0001 lunseu luSansazansiioatsndi

3¥UU Reverse Osmosis Lfluszwmﬁﬂiaaﬁﬁﬂiz?m%mwgqmmsﬂﬂiaamiazm&J
ﬁﬁagﬂuﬁwaaﬂlﬁlﬁawm Tnsaunsoane T0S  venildind1 10 ppm wangdnsu
Tssnugaavnssuildundsimnauiifannudiliigs

u Permeate
Spiral Wound \
Element Design ' ‘ B ¢
# Concentrate
Perforated Product Tube b
pr
Anti-Telescoping
Cap " = S
o —— Feed Water
Carrier
R -
@ Semi-Permeable
Ul Permeate r Membrane
y Flow a \ / Edges are glued to form
Feed = - Permeate Envelope
Solution (
Permeate Carrier

Material

JUN 3.59 waususnesasedluda

3.4.4 nszuuMsdlanlnsalaeauludu (Electro Deionization: EDI)

nszuuMsBlaningilosauluidu (Electro Deionization: EDI) L¥u n1suanidsu
lopuseistunazusnlesuselnii melulugalsznousmeideluiusuiifisduussgey
sgwrianans Madesdeuadutszatuduties Wedoumussdndiivanedauelun (Anode)
wazuelna (Cathode) lovauluiasindouilufidanssdu Tnsdeuniusulszquanassen
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Tiszquanivariulusngfdoiwuusulseyauazsonliiszgaulvariuity isdudie
serihadownusuimihfidglunsgaduloausieg THAgatu vlflessuvinuaslosay
avivuwdonluihgnuenluegluresiifanududuissags uazanunsononduiidud
azameanuildaula

Sanlnsilosoulmedumnziunislflugramnssufidesnslithiifinnuuianias
Tudsuaunng sziumswémiaﬁwLmﬁugﬁm%’uhﬂﬂﬂ’l%ama lagau1snanal 7
(TDS) wosthlanda 1 ppm

ALY

Pure water
(to consumer) r—-— iy [ Concentrate
(to drain)
T . - - - p ) .m‘ =
o 1 = e ¥ Tt B
Anode poes O 4\ B i A a i B~ Cathode
LA ™|
Ol e B g T !’ At =
! “ 1Y s — & D -
v ¥ & h
| BRI A = j Dk
s [ Il

Permeat from the reverse
osmosis plant

JU# 3.60 lupanisnsesdianininlessuluady

3.5 a3uvingun

g AAnTeINsNUUsTgNdnaduInesidnuesassnas Internet of things (IoT)
dnfvgraunsslssifndsnuianaiulssneufiensandondedn uarmeanBonids
N9 ATBUARNBIAAIINGTNIIANU FrnTsudidnusednd Tmnssureuiumesiasiaiotiy
saviimnssumsiakayaua MseenuuuLaslsseandlfineluladdumesidavosasands

[
= v A

9g19aunasENININLTR U ue 19U sEANnSnaiuauYsElovuinTuiud olduUssinu
dAAvine Feaznandnsluundaly
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n15aanwUULATRRILIWaUssEndldmnalulag
DU AUDIETINGS

uvindmisniseesnuuuuasiauiioszgndldinaluladdumesidnvesassnis
dwsuszruuuivnninlulsdihuunadnunn aantlnenssuvesssuuiianiulsenaudie 3
sydutuMINEnIn seduTud 1 Jugunsalmenmenn wu gunsalineausu gunsalin
PMIINITINA FnsIaiafites (pH) ﬂumuaumm mmmvﬂumimammauamamamw
wazynslEneufunsEUILNS SEFUTUR 2 tendaaufini (Edge Computing) vutididu
AIAIUAY LetisWnasEqu wihedautoya inanduazeing Lwammumiﬂgummmwm
melunIodne sedudui 3 LﬂuizwﬂanmmauuawLLawwaLﬂszjummwayjasummimy
U NTRRRINNTZUIUNITYINIU mi‘iLﬂsqzﬁ%’auuaLﬁaLﬁwizﬁw%mwmiﬁ'}Lﬁumuuazmi
U1595n¥)

Cloud Computing System

S
o —
oy
~

Modbus TCP/IP

Physical Devices

UM 4.1 amswaunsalnldlunisuszenddmiuanuide
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4.1 waluladdgadmiudumesidnvasasmis

wieluladdumesidnvesasswds (oT) Tvanseefifliuinsaunsadonldluau
wdornelnsdwiiedoudiiioliamsalfiuldnsouaquiuildlnadedu dliuimantete
Insdmiindouiidnilny  Sududesdenmsliuinmamnedugngniniidfey Adosnsld
wialulagiludiuiuuin wesgmieuiuuiniseigg ﬁ%’mmﬁlﬂﬁﬁmi%@imma@ml,wi
Tumadmnssunisauauiazuimsdnnisdeyaaisaunalulsanunduiinudndusos
firnsandausine vasmsliuinislagasiBen Tunsussgndlddmivauited sadluly
dunsdoudenuvdumesidndundnuazitiuluiigunsniiondaenfinfufiel fszuud
iafsnwlunismuauuazannsnfiayemuaunsruunsiduinsdomsdndos Tassaded
Fonltuansisgui 4.2 uazvensaniludinvesnisideusesyvindlugadssuil 4.3

Modbus UDP

HMI

2 2 8 2

" 750-8204 S| e
op
750-352
Pre-Treatment
Valve Pump Statien
Max 4 -~
wa -] g
Min 4—
DOxa \_ )
PSU :
24V 5 PSU
' 24V

JUN 4.3 laezunsumaideusesenindluga
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a.1.1 seRuduii 1

\Jugunsalnsmenmilldideudefugunsnitauazdsdyaammsgulugiuuuves
nszualniilunisgraivnssunazileudofugunsnidunanazienvinauuufinoads
osdUszneuluga feguil 4.4 - 4.9

- 813AW33 : Wire

A 5340
L | C_ 1 ]
. | e D D D D @ @r
=] W ws || |
g W ws []
0. WM
255: DHCP § m o “
O
N L u
24y, §
o R

‘,,E ‘l | | Ili—w
ni | - 1 N Ilg

4‘ S 750455 l 750504 750-504 750-504 ?somn-
h ’ Bt ey ©

5U# 4.4 Ethernet Remote Unit Wagn1$ndumng to1vinm

750-352
ETHERNET Fieldbus Coupler WAEB
10/100 Mbit/s; digital and analog signals
L]
. H-— Marking area
Address awene ‘Wa“ | S
n [ | m,-” Fieldbus
o Fieldbus node
g = o IJ Data contacts
Vo
|
24 v %
ov 8
Fieldbus
connection
RJ-45
Fieldbus
connection
RJ-45 Configuration and
programming interface
(with cover open)

o}

;J‘U‘ﬁ 4.5 Remote Terminal Unit (Ethernet RTU)
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750-453, 750-455 / 753-453, 753-455
4-Channel Analog Input Module 0/4-20 mA wﬂﬂn

single-ended (S.E.)

Error Al 1 ——- @ @ Error Al 2
Error Al 3 == Error Al 4
BN [ ~]
n '_L’ Data contacts
1 S|
All P— Al2 Al é é Al2 Al o—
% Common 2 4
Commen p—— Common (ground) Of “Q
(ground) = (ground) 4V 4
270 pF L
3 7
a3 Ald A3 OO A4
ove <
A
4 8 10T+
Commeon L C O—-Q— Common ©
(ground) fground) {ground) 750007 [ground]
— Power jumper contacts @

SUN 4.6 nselugaeutfienduns

Tunrsensenugunsaldedyaya (Transmitter) tngdrulvigjaslunszuaunsgiu

=

Judenldnisaounden Aawisaideniudygiunssuauiasgiulagnss vlvasaanlunis
Wousierium RTU leagaan Henld lua 750-453 faguil 4.6

4-Channel Digital Output Module 24 V DC WAEu“
Short-circuit protected; high-side switching
Status. Eﬁ Status
001 —wi0 O DO2
DO 3 =0 O+ DO 4
1l b
] L Data contacts
DO 1 —— o2 DOl DO2 DO © {
270pF = T
24V 24v
— 24V O —
10nF+  [1onF POF 3
— 0V ov
- ove C 10nF=
15]]16 o
4 8
Do3 —— DO 4 DO3 Do4
750504 750-504
—» power jumper contacts Us—v

UM 4.7 n13alugadinealenving

n1seusedugUnsaliovinalasaiusowenuseduliiietdasiudunsiowsdu
founau anunsafiazdueninesiad uasduainduiinin (Magnetic switch) Sudanldnisn
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Adnealeving uavasainluniswensenudi RTU loagain denld luma 750-504 Asgud
a7

750-402, 750-403 / 753-402, 753-403

4-Channel Digital Input Module 24 V DC WAEH

2- to 3-conductor connection; high-side switching

Status % Status
Dl 1 —pO O DI 2
b1 3 —10 O DI 4
1314 b
n —Lb Data contacts
bi1 I, ._[ DI2 Dlo—
[i::l:
+ —
— 24\( 24V ©
= 24VE C
10nF= 10nF = DI ¥
¥ 7|
ol b
— C 10 nF=
15) 16 Dy £
4 8|
DI3 f— DI 4 o0| D4
750402 750402
— 1 Power jumper contacts SV

5UN 4.8 N13alugaATnoadunm

luszuuilinisiousaduaunsainisin fegnassiluaindUa-Uauuuntduda
ansndzveusielalnensa idantinisn 750-402 AN 4.8
IReA 75, SN é W A e/l T
Serial Interface RS-485 WAE“F

RxD
L/' RS 485
Data contacts RxD o JJ’
Ll 5
b T TxD J) A) TxD RxD o
xp o
. 2 8
RxD RxD RxD TxD o
3 7 4x270pF| L
Common Common ov o—C ov RxD,
[ground) (ground) '8 1
A L
4 [
Shield Shield Shield O—EO Shield o————
[screen) [screen) (screen) - (screen)
LS

Ul 4.9 ndaLdeusiauuy RS-485
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mMssueindiiines (Watt meter) suda RS-485 Wousolnaluslaroavenia RTU
\umsdeansuuueynsu ansnavidensieldlnenss 1denldnidn 750-653 agui 4.9

mMsnsrvaeunafouseluvasiidililideulusunsy uiaunsaidousowasageu
Ielagnsa Tngldwendung faguil 4.10

- gaNALIS

WAGO-1/O-CHECK

Commissioning tool for the WAGO-I/O-SYSTEM 750

;J‘Uﬁ 4.10 mWI‘LJiLLﬂSMﬁUSSEmﬂ%ﬁU Remote Terminal Unit (Ethernet RTU)

4.1.2 seRuLuf 2

lonsnoufiaia (Edge  Computing) %aﬁwwﬁﬂﬁtﬂuﬁamuqu W@SesHeRn wuae
Faftudioa innnduazaind ilsniuauns fiinuimunnelueietnedeudeneuen
R1UN4 3G/AG router fagUfl 411 - 4.12

- 93AUsENaUEITALIS

750-8204
3 PLC - PFC200 Controller

54 PFC200 CS 2ETH RS CAN

sUTi 4.11 Landneuiiaiis WAGO PFC200
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73 SYS RST
us [l RN
U4l myo
U MM
@ mNs

XIR$232/485

ACT X2 INK ETH ACT X1 INK
;. WAGD
QD) 750520

Ul 4.12 157995 4G WiFi

- 99AUTENRUTONAWIS @unsald E-cockpit Tumsi@suldsunsunien IEC-61131-3

f?ﬁgﬂﬁ 4.13

“ 2COCKPIT

10 Integrated engineering, based on CODESYS 3

5UN 4.13 TUsunsu E-cockpit Ml@eulusunsuluonimauiiams
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58 s NETWORK FUNCTIONS TEST FUNCTIONS 2018-07-09_ WKE_Final ecp - ¢/COCKPIT ?T - O x
. waco
x s > 1 8 x
Device structure Re —T | Product Catalog R
= . oo wE £ = )
"D a9 A~ ;19 R X ¥
A AN
4 [l Controlers + [l Oporabg and Otservaton
« M ] Pprcaco_26TH RS CAN « [l SDISPLAY 73007
B0 1 _4AL4_20mA SE + il Wob Pansi
B 2 _4ni_a_20ma_SE_1 . + + + + 4 [l Controbs
0 3 _4_pO_Generc - o100
B0 4 RS232_485 intertace R R N R + [ Aocicaton Controler
4 FO-Systems FC_ETHERNET_G3 200_ZETH_RS_CAN PFCA00 2ETH
: v 4 07508101
- L 2 1
Pl q [] FC_ETHERNET_G3 ,’ PFCI00 2ETH ECO
B0 1 _4n_s_20ma_sE OTS0-8100

PFCI00 2ETH RS
B0 2401 24 vDC_3ms H Grsoan

B0 3 _400_24 vDC_0_5A
B0 4 _400_24 VDC_0 5 1

Hy PFCI02ETHRS T
0750 8102/0025-0000

B0 5 40020 v0C 0542 250000
. i Pro2m
+ [l Aocicaton Controler
+ il Tetecontral Controfler

#§ PFC200 ZETHCAN

0750-8203

i PFC00 ZETHCANT
0750-8203/002% 0000

8 PFC200 2ETH RS
0750-8202

JUT 4.14 nrsihwusesandilagldlusunsy E-cockpit

anunsanivuaasuaulunIs deuse wazalu1sausen1Af LU auleanTShe
gunInBunanaziomirIzeslng Aegun 4.14 uaraunsneulusunsuelen 1w Ladder 9
Heuld dagun 4.15

JUM 4.15 ns@eulysunsululendneuinfsagldlusunsy E-cockpit

FAUTWLNTUANNNTONALAL LYLATE9L8 I UN15A519 Human Machine Interface (HMI)
Anstarugldauuiuy Visualization laaieeu dagui 4.16
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Program structure A |8 L P ki X ol N
4 . | vmtace e 3 o Condgmancn. B terendt BAIE
oa had XY wan w4 e e
B 3 s w3
sty Py =i 2 B oW M0
B oo e e % W 0 W '
[FT—— e R T A T
B mepacamcrn. L L I I N "
< ] Appacstios (PrCI00 TETH 5 - =
”. PAC
- e o Polym |
. 2 hoe ETHERREY G ORT— Clantywater g5 NeOCT Ubd  Combobon Combobor Tl Sion
on | -
Wucons — p—
® m W=
R - ) oo T e foukw  Shde
e e
9 O Gt Besasms B & =]
90 Mttty — . a v
- - ool bpa Cwothon Progren b R bun.
3 oo [CX)
» T ok Cambguramen - w
o i vmsmemrate EDI water EDL  soenn RO water RO module
Boas = = e
e | | ==
- T Tl Amiscalast
B A |
[ - L, ol Plep]
8 Mcion cartrdze [N I MR Micron cariridge
[] o Y.
- 8
< T e — 4
- X eicte oo | @ 9 e ) OWanings. @ Dlinon 41 categorn - o=
Do 3 - W = . e . Appawans Time

g*dﬁ 4.16 1Ustnsu E-cockpit d@usunsulieu Virtualization

lugunsaliendmauiinns a1unsafinunalanIusEUU Web-based
WanIINYeAIgUN 4.17

i — = = & Lalalal e S — B — == =
& € A Notsecure | bitps:/#192.168.1.100/wbm/index. php#infarmation
w En Web-based Management
WAGO 750-8204 PFC200 CS 2ETH RS CAN Login
[ ——— Status Information Y : ’
e - -

» tatBidpeat N AN G VAR N Y IAHY we -
|« PLC Runtime Preduct Description:  WAGO 750-8204 PEC200 CS 2ETH RS CAN | & &

Order Number: 750-8204 ;_Lnﬂ_l ‘I'im=_ y 06:21
e Netwagking License Information:  Codesys-Runtime-License 1'-9‘5" Date 09.07.2018
[~ Firewall Firmware Revision: = 02.08.25(11) }PI.C Switch RUN
[~= Clock LEDs usO @sys
s Administration | Metwork petails xa/xz T Lol ~Ap it

U4/ 10

| « Package Server State: + enabled T 30 OMS

MAC Address: 00:30:de:42:14:c5
{—= Mass Storage u20 Ons

1P Address; 192.168.1.100 (static) U1 OEAN
[-= Software Uploads Subnet Mask: 255.255.255.0 i
|—e Ports and Services
f—e Cloud Connectivity
| SNMP
| Diagnostic
|- OpenVPN / IPsec
{—s Security
|-« Legal Infermation

WAGO = Hansastr, 27 = D-32423 Minden = WAGO is a registered trademark of WAGO Verwaltungsgesellschaft mbH.

g‘lh?"i 4.17 A1SAYUAAINIL Web-based Management

65

Management
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& C' | A Notsecure | hitpsi//192.168.1.100/wbm ex.phpicloud_connectivity
W E u Web-based Management
WAGO 750-8204 PFC200 CS 2ETH RS CAN Username: admin Logout

Configuration of Cloud Connectivity

Changes will take effect after next reboot.

|—s Information weM
| PLC Runtime ofoware version Local Time 06:22
" 1.0.0
= Networking Local Date 09.07.2018
|e Firewall PLE Switch RUN
Status
= Clock LEDs usO @sys
Operation: # running
{—= Administration LE
Data collections: 1 usD .IO
[~= Package Server Connaction:  connected Uz Oms
| . Mass Storage Heartbeat: 120 seconds u20 Ons
e Telemetry data transmission: + enabled u10 Ocan
[ oLtctwals Seio Cache fill level: 0.05 %

« Ports and Services

e saringe

[-oicuns Cloud platform:
« Diagnostic
Hostname:
= OpanVRN / IPSac) Device ID: WRE_water —
| Security TLS; L
= Legal Information s| Port: Bas3 ]
— CA file Fercissiicens/ca cerificates.crt |
Certification filg:  Jetc/ssl/eents/WKE watefceftoem
Key file: Jetcissifeenta WKE_ water.grivate ey 7
Cache mode: AT pcibuge),
Device Info: Fl
Device status: -
Standard commands: | Submit

JUN 4.18 nisivunAl loT tdsszuunanin

nswwewsiegunsaliandmeuitisiusruuAa1In lWsuLuy loT usnarldlusinaea
MQTT Tunasitessie @nsnsainnunlanegui 4.18

4.1.3 seRutuil 3

Husguunamatsatiuayuienndiedudmiutonavunslve)

99AUsENBY Wago cloud 1Huszuuiing Wago lali Azure \ufitann Uaqulild
W3 widslianansaldiedduluntsimunlfetnandessn uanefagui 4.19

Kunden Auswertungen / Reports
(PowerBl, TimeSeries Insight)

Web-Portal Web-Portal Business Applikation

WAGO Azure
Subscription
WAGO Cloud
o o 20 ‘nﬁ-‘j
Funktionen | Daten
Microsoft Azure Microsoft Azure
», Rechenzentrum WAGO Cloud ; . Rechenzentrum
B it s
e ﬂ a g | B3 AR

Applikationen

sUl 4.19 uwanvlasu WAGO Cloud
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druunanesu loT Cloud vae AWS fiarundeslumslviuinisegunuazaiunsa
\Wowsoiu Machine learning waz Jgyay1Usehvg (Artificial Intellisent) lalaedny

AWS loT ({({ @ — @

Pra=tc = — AWS SERVICES.
© / g ] RULES ENGINE With these endpoints you con deliver
b MESSAGES MESSAGES 2981\ Transform device messoges pESgeoar AN
g /; ) based on rules and route to
] 1 AWS Services
AWS loT DEVICE SDK AUTHENTICATION DEVICE GATEWAY —
Set of chient libraries to connect, & AUTHORIZATION Commanicate with s
authenticate and exchange messoges Secure with mutual devices via MQTT, p N = = ¢
authenticotion and encryption WebSockets, [ £ ! MESSAGES |1} =
andHTTP L1 | iy =l [
p vy
— APPLICATIONS
DEVICE SHADOWS Applications con connect to
Persistent clevice state during shadows at any time using on AP

intermittest connections.

4.2 msUszgntitauimsianislsdluindsnunaumuvuaiEninn

MsUfulsssEULLaY A TdeNsed nTusg 1B fe U Unsalingg WEeumsgu
maldeusie wansdeguil 4.21 nwsruaneesnsruaumsiutoay nisufudssdunurien
thysdnwszuutidarusnduognann Tulsdwihinnadfnszuauniswdn ddldlussuy
naoiuuarlilunsininduliundeduatudulati dmdvadisleddufsudieiy
nszuabilii

0| For en - ey ) ey

on | Sheet
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N13MIVANNIINTBIMUUTARI T IATTY (Ultra-filtration) zldwanusukuudaniiin
Wity Tunisnsesastunailunisnsesdsfidudfglunslandwnuiarasdsgouinei
N A Y °o g v v v o & Ao =
AnuazeIavsetinegldnses inliusendadunulunisguasnuidadiivead (PLC) AuAY
nsruIUuMslagnsuiisasdearsdeyariunesneunsy iedn1siiuead (PLO)  a1nLend
ABUAIAY (Edge Computing) L@ Fessuuwanafaguil 4.22

¥ v

3UN 4.22 lnogunsussuuyitninvuniennis (Pre-treatment)
LAYNITNTBILUUDANS AT

lunsaavaunisnsedluseiuiiisaeaaluda (Reverse-osmosis) Muiuifiuead (PLC)
AuANNIINIadlaease wiluawidellanifanuauniniitu 2 faudsfe Arudunse
[ ! 1 ada = a N [ v Y o A [ ¥ =
Juene wazAdidiea (TDS)  ieuhAssiunmn nindudstemuanseld tludu &9
WHUNINWARSAIFUT 4.23

h- —
'“ CAPACITY = 152 LPH 1] | ‘
T FRESSURE : 4 BAR | | |
" HaCH_TaNK |
s BT @ N _
INJECTION | | |— T /4
WALVE ‘,J. L | ,l\
0 L@i-‘ Q @ & J\ .
DY J\\ ' @y A

(O @ @
/ ! W
RO piH eREFsUsE up E BT E -
MULTI=VB1 2N=FSE-T/2, 5.5k 1 = oppoar -0
VERTICAL. MULTISTAGE. PUMP  OF 01 X
CAPACITY i B.12 m3/he Im3/n, A im3h
HEAD : 663 BAR ’_‘/' '._’l‘/
A"
RO
"

jesa
RO Membrane 8 diax 407

gﬂﬁ 4.23 lpazunsun1snsawuUsisanadluda (Reverse-osmosis)

drunsnseaiioanAauivediivesnsyuiunsiriadinuusianinsilessuludy
(Electro Deionization: EDI) Tglun1snsesunlagldussiunsluiuendssy degui 4.24 dw
sUNsWeNseaguazN1SWeNARiUNLEAT wanagun 4.25 - 4.27 muadu
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| P
T

a |
(Model : EDI-310)
Dilute Water Flow rate 1.5 to 2.2 m 3 /h
Recovery Rate up to 95%
Max. Inlet Pressure 6.9 bar 100 psig
Max. Continuous Operating Pressure: 5.5 bar B0 psig
Maximurm Electrical Current @ 9&
Maximum Working Voltage : 160VDC

EDI FEED PUMP A/8 K_MATERIAL : SUS 304 EDI STORAGE TAMK
CAPACITY : 6,000 LITERS EBARA:CDX120/20,1.5kw _ CARTRIDGE FILTER LENGTH : 20 INCHES CAPACITY - 6,000 LITERS
Dls. 1,850 X 2.830 H. CAPACITY © 4 M3/HR NUMBER OF CARTRIDGE : 5 PCS. DIA, 1,850 X 2,830 H.
MATERIAL © PE HEAD : 3.55 BAR MATERIAL - PE

UM 4.24 lpezunsunszuiumsdianinsilossuluigdu (EDI)

5U# 4.25 Ladder waglpaginsunisiousadmiuaiuaunsnseawuudaniniun sy
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nsenlesiudirmiuaunszuiuntsindudesiadenugld (Human  Machine

Interface: HMI) lngsiuniving LLamgﬂVi 4.28 -4.31
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PAC - Fﬁmlﬂfwrm3 Resistance UF : 5.81
2486 NTU 5.5 Dosing POl er T#20m [ UF_P13.10 Bar UF_P2 2.64 Bar
. - ym ‘ T#im | -
Reservoir water Clarify water NaOCl UF module UF water
8. - =
)E 1 [] []Na
?
o Disc filter :
e e O FTF T acivaed
. B ' - carbon filter
E. Power 3045 KWatt"Hour Ailr compressor

2018-07-11 11:20:22

EDI water

EDI 0.57 ppm

Q_UF 6.03 m3/Hour

RO module
M, RopHT®

Turbid_limit1

Turbid_limit2

uiReadAddress

tPublishintervald

Home

3U# 4.29 HMI dwmTunsimuadimdines

] Ql Y o [ 6§ v = = Y 1 ¥ o v ¢ v 1%
nansiiluenarsianulidmsumsldnuienisdinwivingu leygnlmhlulduselesimunism

lidnsallagvivau anvivnudilvidauwdasilon uazdesevsatadnvetenarsnnasaidnisinluly
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ASAMUAANSUAULND TTLUNITAIUIUVTBUTEUARE @1UNTagULANNUAALS LAY
#1199 161 faguin 4.29 drunisiaealiediliieniugunsniBunnuazionving faguit 4.30

Clerify Water

Start Simulation
Hardware Filtration & BackWash Time 3 Resistance UF : 5.82
5.5 Dosing T#20m UF_P13.10 Bar UF_P2 2.64 Bar
T#im
Turbid 24.66 NTU UT_P13.10 Bar UI_P2 2.64 Bar Q_UF 6.02 m3Mour

T e [ . -

1 NIV

2 mlL/Hour

3 Bar

4 Bar

5 ‘m3hour

8 Mohm

7 3

8 | pom

9 -

0| ppm ¥

11 m3 )

12 m3 @

13 ® Energy 3045.00152 Kratts ) 0.0 100000.0

"

15 |

16|

7 |

" |

1

=1

21|

=1

2 |

2|

2 |

D

27

=]

29

o

3 | =

N il ] |
20180711 112248 Sicred B imeda'se PranaiLoghe_cp_2018_07_1 cav Cycic Loggng ON T® |

sUl 4.31 HMI dwsusndndeaines (Data Loggen)

L@nIABNTIAY (Edge Computing) anunsadaLivtoyaaeainisa (SO card) la

AagALET dausaindeyauiiasiginale fagui 4.31
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saL

CREATE TABLE "WKE_waterl" (
“Hrs™ int(11) DEFAULT NULL,
“Turbid’ float DEFAULT NULL,
‘Q_Dosing’ float DEFAULT NULL,
"UF_P1" float DEFAULT NULL,
"UF_P2" float DEFAULT NULL,
'Q_UF’ float DEFAULT NULL,
"EDI_TDS' float DEFAULT NULL,
"EDI_pH" float DEFAULT NULL,
'RO_TDS' float DEFAULT NULL,
"RO_pH" float DEFAULT NULL,
‘Q_Cooling’ float DEFAULT NULL,
'Q_EDI" float DEFAULT NULL,
"KWatt" float DEFAULT NULL,
‘Timestamp™ datetime DEFAULT NULL

) ENGINE=MyISAM DEFAULT CHARSET=utf8’

CREATE TABLE "WKE_TWC" (
"Hrs™ int(11) NOT NULL AUTO_INCREMENT,
'Q_Dosing’ float DEFAULT NULL,
'Q_Cooling® float DEFAULT NULL,
"Q_EDI" float DEFAULT NULL,
“Cost_Dosing" float DEFAULT NULL,
‘KWatt' float DEFAULT NULL,
“Cost_Electrical float DEFAULT NULL,
“Fixed Cost” float DEFAULT NULL,
"TWC' float DEFAULT NULL,
‘Timestamp™ datetime DEFAULT NULL,
PRIMARY KEY (*Hrs’)

) ENGINE=MyISAM DEFAULT CHARSET=utf8
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NoSQL
{
"GMT": 1530177127624,
"ID": 1,
"topic": {
"Time": "2018-06-28T14:11:41.109+00:00",
"Values": {
"MyVariable3": 239,
"MyVariable4": 8496791
}
}
}

4.3 szuumsusealanauwuungaug (Cloud Computing Platform)
— AWS IOT Core (Things Management)
—  AWS IAM (Security)
—  AWS Lambda (Rule)
— AWS RDS (SQL)
— AWS DynamoDB (NoSQL)
— AWS S3 (Storage)
— AWS Cloud9 (Programing Platform)
— AWS EC2 (Computing Unit)

Wernua sUuuuvessudeyaua ludiuvesssuunisussinananuungus 9l

dwimineteslunismmvuaaAsgu 4.32 - 4.38
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Ul 4.34 AWS IoT Core

[e C' | @ Secure | hittps /ap-southeast-1 console.aws.amazon com/lotthome reg o outh #frutehub o % H

Services - Resource Groups ~ %

I"Prawsic Rules Gl - o m
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= mysgllambda

¥ Designer

Add triggers

APl Ganeway
A 10T
CloudWatch Events
CloudWatch Logs

CodeCommit

Throttle

vest v || Test

F

(P satambda

‘ AWS loT

Function code «

‘ Amazon CloudWatch Logs

R Handie
v Hadejs6.10 v
Vie » P
T munp
- 1 ‘use strict';
2
3 console.log('Loading function');
4
5 var mysql = require('mysql
6 var config = require('./config.json");
7 _wvar timeInMs = Date.now();
8
9
1e
11 var.pool mysql.createPool ({
12 host ;. config.dbhost,
13 user config.dbuser,
14-. password config.dbpassword,
15  database : config.dbname
161
17
18 exports.handler = (event, context, callback) => {
19 var values = [event.TagData[@].Values.Turbid, event.TagData s ssascie Smcesd €

@ Feedback () English (US)

DynamoDB

WKEDI Ciose

Overview

Table dotails

Table name
Primary partiion key

Primary sort key

Point.intime recovery
Encryption

Time to live attribute

Table status

Creation date

Provisioned read capacity units
Provisioned write capacity units
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Last increase time

Storage size (in bytes)
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Region

Amazon Resource Name (ARN)

Soeage siz
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. || Recent alerts

FactoryDATA N6 Cloudialch Blams Rawe Boon 15906764 ¢ Bs ke

Pyt Stream details

OVES

- Strommenabled e

Misske Viewtype M | images

Lateat stream ARN b'ap southanst 1494051213 W2018:06-25123 13 26 749
Manage Stream

L ]

Ensble
) Manage TTL
2o AM UTCHT

aling Disabled)
aling Disabled)

amaw

@ Feedback

@ English (US)

SUN
Y
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nsldiasesioniey luwnannesy AWS  Tiaruntavgulunisiauiuinniissuy
AaTIATeY Wago Felildalaniusdsldauysal nnsidelidnludoadessuuain AWS 9
Hudanumgangundnun

4.4 g3UTEUN

1nnseenuuLkazidentdgunsninieg Weudmsianisamuauszuuiitauily
Tsanulwihdamna ssvuiannsoiesgiuazuiunszuaunsmuihdvlasgunsaiiend
ApNTARY (Edge Computing) #sasifiufmunuuardsiodeyaludsszuudumesidnuay
ansateyaluuimsdanislugduuuteyavunalvgvie  Big Data  53uiaunsa
Uszgnaldaldnnilsidulunsieansdeya tagluundaluazfumnissuulunnasiuas
Juinug
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N1SNAADILALNISDAUSIUNE

uninanimsvasssuarniseiunenansUszgndldimeluladdumedidnvasasam
AvdmsunmsusulssssAnsnmssuutimstanaidusulsdiihiunavuadnmn Tog
sonuuulvianunsamuauiazAnmunsE UM TNy Tinevideyailoifinysansnmnis
fuiunuuaznsiigednw smemaiansmuaunissuvedldnsosuuuiuild fawnse
UFumsnenisnsadnagnisanedeusiuteUiuislTinanisivansiadlunisusuussnmnin
hAumugniantivesinuvadssImATionadia iU

5.1 nsUsulTelsEansnwszuuuInsIantsundmiulsslniadauiavuin

<
LENAIN
ﬂmnmaaaU%’quqﬂizﬁw%mmswU%mi%’mmsﬁwﬁm%’uhﬂﬂﬁw%amasummLﬁﬂ

110 Tngmsuszgndldimaluladduimesidnuesassndsdwiugnaivnssu (ndustrial
Interet of Things : lloT) siiunslulsslviiindastavunaidnann faguil 5.1 Tsalwiihd
vaidinmandnindalaliiu 10 wngdad fegfidmiayisud Iadosiudaliisznn
Fuipdouseduiulothauafidinandn 9.9 wnetnd  dedomddang Wy vl
Waend dadnalng Gides  safaaviasmunianuasluiui udaleduwuy Stoker
boiler 7ifisyuU Steam  reheat  wagszuufwiilothuuy Extraction-condensing steam
turbine unsndmnszualilit Weumdsdumaussana 450 dudeotu  gruluszuuislngd
Tnemss (Direct Combustion) ieaddlevusaugs 45 dustedlan ssuvtarmioudinde
NniRzerhasdeulasiedosviarufeundusnldliieis seavsnwlunsidsudne
Wa991UleLADY 85% TEUUTEUIBANTIULUULUA (open  cycle ~ cooling  system)
UTzNoUMIBNDIEU8AIU5OU (cooling  tower) LastudmsUsTUUSEUIRALS Y (Pump
of cooling tower) 513%%mm’i@msgﬂqumﬂﬁaﬁﬂ Clarified water HNUABUIAULLET WAL
gnudosnduguvden dmsumsudesuafivgornimaglumsmdnlaslfiniomnagney
Tngllihadin (Electrostatic precipitators: ESP) ilovdnoymaduuuining Afaainnsmn
Indluenia
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Fuel gas
cleaning ;.
preheater

Ash Tiul heater Condensor |

Demin water ' Raw
Makeup water | water

Wiater treatment system Transformer

Transmission
line

U 5.1 laezunsalsdlnihdunavunaidnmn
519l 5.1 aniasdAlsslifihduavuindnun
fwilathauinfdanisudn 9.9 MW
A1 Generator power factor 0.85
A1 Generator electrical voltage 11,000 Volts
Usanallathusedugs 45 t/hr
AIAUAY B AV 6.5 MPa
Mg 1 Rvinau 480 °C
Aguunilathiitourih economizer 110 °C
FAuAuvedlown Saturated steam 0.5%
aunAduannswndlueinie <50 PPM

nazvIunssdnilulsslihdanasuadnunn wimsingussasdueanslde 1
ﬁﬂﬂ%Ui%UUﬂTﬁNamla‘ljﬂLLix‘iﬁutj\‘i waztdmIUsEUUdeLSY faguil 5.2 sruuUsznousieg
szuumsthoathdue3euns (Pre-treatment)  s¥uUNTINTBILUUSARETAATTY (Ultra-
filtration) ~ s¥UUNMINTBILUUIOTAREALNTA (RO-filtration)  UagszUUNISHENBERUAME
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Il (Electrodeionization) InsthAuanuaifutigniioudngssuunisiidaihdusdeunis
finsfivansiadl PAC, Polymer wiennazneu wasifivarsazansluieulaiasnasladiiie
nsende Wuthlluds Clarfy Weldlussuundeidu uazdsioludsyuunsnsesdemmy
U UF-RO filtration tiensaseynaiifivialugnin 1.0 uiluiwss senuaziimafnazais
Anti-scalant lunszuaun1s RO-filtration wiedosnisifaneniuiilénses anndudludein
RO %qudﬂﬂé’ﬁwummaﬂéaaué’aeﬂw%ﬂLﬁaamﬂ%mm%awaaLL%aﬁazmaangIuﬁﬂiauﬁq
looau LLiﬁ’WJLﬂaaﬂﬁ%da%ﬂuﬁﬂﬁﬁﬁ’lﬁaL’e)ﬁ (TDS) <1.0 ppm USinawti EDI Tindnlé 96
anurafians/fu azgnifuliludafvaunn 120 gnuiadans  iewdsuduthdoudng
nazuIuNsHARlot g AuaNTRt lunsE U TLARIR IR $197 5.2

PAC
Polymer
Reservoir water Clanfy water NaOCl UF module UF water
A4 - =)
Lj}_‘ !. ._. E‘l Na
_"f\\ { ] |
" Disefilter- 1} || .
O i \.anl‘ed
¥ carbon filter
Alr compressor
EDI water EDI RO water RO module
- | Ol ] \ =
L[ = :
& | ’ Vi~~~ &, .~ ﬁ\nns.c.alam
[}
Lol W o= oA o l
=
Micron cartridge Micron cartridge

JU#1 5.2 laezunsusvuuinUadidmsulsabningana

¢ﬂl wa 9(';
19190 5.2 Qmammaquﬂuﬂizmumi

W53 e v Pre-Treatment UF/RO EDI

TDS meg/L 1,920 1,984 < 6.4 < 0.64
pH - L 1.2 5.0-9.0 6.5-8.5
Turbidity NTU 15.68 1 < 0.1 <0.1

mimuamm31/‘1”1&msuaaﬂizmumimamﬁﬂuﬂﬁ]@ﬁ’u lgimuaunssnewuuluswnTY
161 (Programmable logic controller) [21] lngdana37iun15AIUANNIINTBILUNTLUIUNIS
UF-filtration  1fuuuuiianasii Snvanisauaslunszuaunis Pre-treatment T¥nnsify
aspiifeysunand v‘ifflﬁl,ﬁmmmqu,l,%aﬁy’ﬂuﬂiﬁﬁﬁﬁuﬁmmaﬂﬂiﬂmﬂw‘%aﬁaaﬁmu
Inendnusiiuinauenisuszendldmaluladdumesidavesassndsdmiunisuiuss
UsgAnsnmszuuuimsdanisihdmsulssifhdnarunndnun Taseenwuulvanansn
MUANLALAnIANSEUINNTTIOL AnngideyaiflefinysravBaimasdudunuiagnis
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1393w femadianisaugumsiuvestdnsesnuuuiuimld fannsaufumsnanisnses
uarn1sdsdouTnifuusTnumaiuarsiedlunisuiulssaanmihAuaue e iR
maqﬁwmﬂLmémismmaﬁmaﬁmms‘i’umumuq@ma [22-23]

aninenssuvessruuiinautulusuil 5.3 Usenoude sedutumamenin 7 1 8
Jugunsalmanienm  wu  gunsalinanudu aunsalindnsinisiva dnsiniaaifiey
(pH) Hhniuazndr Fsdinthillunmsemaindegamsnisnmuaginisldneufunssuiunis
syfutudl 2 Lensmeufiafe (Edee Computing) Foimihidusnnuay e il
mheiafudoya nnnduaraing WlemuaunisufoRoutmunnsluaiods ssiudud
3 uszuueanddeaiuayuuennainiudmiudeyarualug 1wy nsinnunszuIums
vhau mennyideyaifiefinszdvsamnnssdununasinstngesnw

Cloud Computing |System User Interface

TS ! > 1. > [

Physical Devices

P S O"C gf‘/r{\

f s
-l e

JUN 5.3 szuupaninneuiifvdmsuleiuas-nien1n (Cyber-physical cloud computing:

[

CPCQ) @M5UNISUSIISIANITILUUNISNANLN

n1sUuUTsUsEAnEn sz uULIIdantsthdmiulsdwiidamnasuadnuin
datiuluvssidunisussndadununsadn vefunuannisldased nmstigesnuldnges
Tagszuuiinauessneazdoaildnanluuni 4 InsUszendlidanesfiunisiinasiad
uardanesfumansesuuutiuild IefinnsanannaranuguuesihiuiasAAd LTy
Y04ldNTB MIUANNTT

AANLFUMUT T US AR T m ST [24-25]
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J— (5.1)
u-J

J =" (5.2)
4

R, A® AUAUMNUTDANLLUTUSAR TR TTU (Bar-hr/[Centipoise*m])
AP, fiD AIAUAUANATDULLNLUTY (Bar)
u A9 AIAUNEAURIUT (mPa+second e Centipoise)

J e Amidndnsluavestn (m’/thrm)

n A9 I1UIUVY UF skid

0, A® mé'm']mﬂwaLGTmJ‘%mmﬁumﬁwLmﬁwﬂuﬂizmumié’am%ﬁ%Lmﬁii"’u (m’/hr)
4, o Muiinsnseswosmiususansimsdu (m?)

Fumumsnantilagsa (Total water cost : TWC) [26-28] Tuaunisi 5.3 1unis

firsaunaunuiintuasuaziluiudsniinadonseuaunisndninfnamsausulseala

R o 2R/ .2 3
atldlasufwumuihAums s uiradiianuanury

1ng

fTWC - fChemiml + fEnergy Sy fFix (53)
Chenical = (z kiui j Qr (54)
i=1

(ZimiQ.f}APpump, /npumpl )
QPtotal A72.0

fEnergy = (55)

Fonomicas P9 WA TUAUNUAITAT (UIMN)
k. A9 TIARDRUILVRIAITLAT (UN/108)
= a 1 = a 1 a
u, Ao Usunamhevesasieliluansazany 1 ans (Muaw/ang)
0. Ao Usunsvosasazais (3m3)
Fonrg A8 MeGusU UGl (u1n)

A ' 3
m, g AW (Uwem/kw-hr)
A v a - ? a 3
0, fie damnislvalBeUiumsvesrdunn (m/hn)

AP, @9 A1AnusuanAsauty (Bar)

pump;

1 pump, A9 A efficient factor wastly

A L a 2 % (3 3
O AB 805INTIMATUTHIRTVRIUNDWING (M /hr)
Ar, A9 ALsIRUeREluRAN (Bar)

frn AD eATUAUNUAI (VM)
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UF self-adaptive backwash scheduling

System start |
| | Load UF
initial parameters
(. ! Pre-treatment

| . ] .
¥ self-adaptive chemical dosing
No
Clarified water ». Load pretreat 1
~_ready? ~ initial parameter
LYes A o
Determine Turbadity, R
Filtrationl ’
Backwashl 0<Turbidity<limit1
: [ Filtration2 R)or 3 Y: Dosingl T
Determine R, A Pnj BaekwhshD =,
* lNO
Yes Determine R, APm . . o
O<R<e 1™ ] limit 1 <Turbidity<limit2
= . . — v
Jte S Yes & R>°:: 17 Ces Dosing?2
(! ZelR<e 2 -
L‘ Y N 7/ A LND
P/, “T-No \l' bl
% Dosing3
A \m(APm;h}m-t Filtration3
o Backwash3 |
Yes / t a '
! Radel e
N e (e 2<RLET Coagulation
—=Stop process? /4 oY
ol peE 1N0 No ) " |
LYes 2 )
7N cP Stop proces/s >
Termunate | 4 |
{ - ~=No IYes
Stop process?— ——
v\ 5 LG ( Terminate
Terminate

/

UM 5.4 leesunsudanesiiunisaruaunisuaniiuuuliumla

Sane3unsuaninluzy 5.4 Ussneudae 2 daundn [29-31] léun

- danesfun1sAnasaduuuUsudild duanni1sviianufie daAuANITHaITan
AuaLTRTOIAY MnA1ATTY (Turbidity) venau fidneglutas 0<Turbidity<20 (NTU)
frmuAmAziAeNUNLNSANAISIATUUY Minimum  vnAiAueuueinay deoglutag
20<Turbidity<25 (NTU) faiuAsagldantiunsiasansiaiuuy Medium uagninal Ay
Juyasiipu fereglutas 25<Turbidity (NTU)  fapauauasidonuaunisifsasiaivuy
Maximum feifiuisnisldansaiiegnaiiussdnsnmmuanandivesihiu Ssanunsntiean
nsldaaiaiiiunnudndu wesamsafiuuTnuaaedlunsdfthAvianuanysnan
Snvadeyaninszuueamdinlinsuiseyanisliamaiiiuiviamsonsaaouldlnede
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- FanesfiuNIINIRMUUUTUMILe dndnn1svinaIude fAiAuANILYinNInIIIERUI
filuds Clarfy  vdeld minldildifieameszBumsvhanlunssuiunis Pre-treatment
Aoy windthlugs Clarify Wfisswe 9g3uns5zUIuNSHAouNY Filtrationl (2400 3undl)
Backwash1 (20 3unl) antuazfwamauiunuYeLLUTUSansims Ty (R,) Wz
ANAMNFUANATOUINLUTY (AP, ) 910@UNTST 5.1 MINAT R, TOIMILUTY fiAneglurig 0<
R, <1.5 ns¥UILNSIETIRINARLEELNY Filtration1 (2400 3und) Backwash1 (20 3und)
okl

WINA1 R, veuuuUsY dA1egluYie 1.5<R, <2.5 TEUIUNISILHARTNG LAY
Filtration2 (1800 3u1#) Backwash2 (40 3undl) m1nA1 R, vadmuusy fa1agluyis 2.5<
R, <10 n3zUIUNISIENANIEIBINY Filtration3 (1200 3u1il) Backwash3 (60 Junit) viail
sginansieuaziinisesisdeudeulvainAinfuAnATeLINIUTY (AP,) Mndan
111N31 2.5 Bar (Maximum transmembrane pressure) #30@0 R, >10 szuuazhisy

N32UIUNNT MFIzuanstienisiuvesldnses dudussameanszuiunsiionisasndislédnses

5.2 N1359AUTIIHANITNARDY

31N8ANBINUNIINTBIUVUTUAILA HaN15NeaeIUTuUTIUsEaNEANIZUUUINIS
Famsthdwsulssliihdnaruadnin Uil 55 uansimufuntsesmsuTuSan
ity dnsumadanisnsetazinsdeunuudiualdiviouiisufiuniinsesuazdng
fouluunsil sEUUMsNIoIUUSan 1Tt (Ultra-filtration) ﬁwé’qmamﬁwqqqm 10 m’/hr
fheluga Saniiumsduruin 8 Taves DOW fufinsnsesessmusudanirftunsdu 77
M’ AAuFuIdn 1-4 Bar eAwfunIseen 1-4 Bar AANANUANATOLLNIUTUZAER
2.5 Bar Wsaduemadnedou 25 Bar dnsinisiunavesennimdnsdon 12 Normalm /hr
(Standard Volume @ 0°C & 1.013 BarA) nan)svinaesuandbiiiunituwansdsuuiliunis
Futuresearudunswesniususanihinw sty idesniiveanaiianisnseauardns
Houwvuuuald @ihidu) Feigedliiumfnnisnseuardisdounuutiuaild amns
wAnthazeldmuesnng Tuisananavasdniinistuvedldnges dwmailunisBaengy
mslfnuvedldnseamienfisannuiinisnandidldnses (Clean In Place : CIP) [32]

ndaneIiunsatasiaiiuuuUsuale mamimaaﬂuiﬂw 56 uAAINIILAY
emmmwawmmmm’mﬁm (Turbidity) Guaqmm‘u swwmimmuwmmsmmi (Pre-
treatment) maqmammqqqﬂ 100 m’/hr Tnefiusananslddiiu 600-900 m3/%u Aaanu
qu (Turbidity) vesiAuiideglugag 13 - 31 NTU Tagluggruvienquésnninfuagiie
NTU & manisnaaeduansliiunginssunisifasiadiuuuusudale @mdes) Tnewnan
AraurestihAuiinigs (Eidu) fnuguasdenumunisfvasaiuuy Maximum way
ynAaEuesipulisanawimuauIsidenuunafuasiafiuuy Medium  uag
Minimum suddu drududnsiansfemanaiunises UF waiusuilddunanssnush
Toifianfutuavay mszaanaty (Turbidity) suamfwauﬁﬁﬁhgq
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6.0
-~ 4.5
7
2
S 30
=l
o
:._)
g
o
15 1.5

0.0

60 120 180 240 300 360
Hours
— UF Resistance Adaptive Backwash. - -—= UF Resistance Fixed Backwash

U 5.5 ANumunsveasiususanilunstudmiuinaia
nsnsesuazansdounuulsuanla

=40
e
%
‘Z
=]
[
=30
2
=
=
(+a]
1
=
g 20
k=
"
A
o
oz
= 10
z N ANS
> s 4
E RS 4 L -
& 0
60 120 180 240 300 360
Hours
—— Raw water murbidity = —— UF Resistance Chemical dosing

JUN 5.6 MsivansiaduuuuSuiminueiauyy (Turbidity) Y@eiiiy

nMsRIsanuunswamitlagT (Total water cost : TWC) Tuaunsil 5.3 wa
nafwasuunsdaiilesny 1l e 2017 Safumasuvesiuyuanaiad  Fuyu
nsenilaiflh  uagdunuas wansiaguil 5.7 Eiidu) Wsuifisutudununissdntiilag
\devesd A 2016 desdiuldidununssdadileesiy Tl e 2017 Sardind
iesnmsanaltinglunsldansaiuasndsanlih
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SUT 5.8 wansnaunnsthtatlunszuaumnsesuudaniiunsdu-nesaoea
Tuda (UF-RO) Tnerniifiiea (TDS) veuhdani1imsdu Siesasealuda (UF-RO) fid 5.4-
6.4 ppm fies (pH) vesiidanifinsiu-3nedaeealuda (UF-RO) e 5-9 (Eidw)
uay Aanmnsteinlunszuunisuendoaudelidi (EDN) Senfidiea (TDS) 0.32-0.64
ppm wazdlAiLey (pH) 6.5-8.5 (ddw) é’mﬂu@mamﬁ’amqLﬂﬁsuaqﬁ;wﬁmmzaué’m%’msw
Umsdamsthdmsulsslihdmasunadnun

SUTt 5.9 wamsaraumsldihluszerna 12 Woudmiulsdiihdnnamadnun
(Eiiiu) Tnerlunasiuveamslihaile (ED: 34u) uasindoidu (Cooling: A Fefioya
ﬂ'1ﬁﬁﬁdﬁiﬁuﬁaﬂémmﬁwﬁﬁwLﬁué’faﬂﬂuw\'azﬁiam@ma aun3alglun15HUNT
Usmsdanisunasinliifisaedeanuesnisitodonisanznisuiauaauinsudina
NIZNUADNTTUIUNITNAR

60,000

- i,
s— -~
e » 3
g
e
- .r/
45.000 P = e
=
) ~
= 30.00
z 30,000
-]
15.000
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Year (2017)
== Total water cost Fixed cost Average of 2016 total water cost

JUN 5.7 dunuilagsi

9
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10.0

| 7

E Y. CAY Rl

i
DT

)%

O

E MY 3 )
Sl L A S

Year (2017)
—— Total water consumption [ EDI Cooling

3UM 5.9 wasaumsld

dij I dl Y o U £ tﬂl = 1 5 1 Y o ¥ &Y 14
nansiiluenarsianulidmsumsldnuienisdinwivingu leygnlmhlulduselesimunism

ludnsdllagrau Snvihudilvidauwdasilom uavdesgdadadivedenarsynasaninisuiluly
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5.3 a3uvineun
nanseaedkandliiudsssansnmnsussgnaldmaluladdumesidavesasin
Asdmsunisusulgssgansamszuuuimsiilulsswihawadnun Tneoenuuuly
aansIAUANLALARmANTEUINNMTINOL Alesgideyailofinysyavsamasdduanu
wazna1gesne sewaliansmuaunisiuvedldnsosuuuiusld famnsauums
nsnseLarMIdnedeuTudcUsuudaiinunsfuasedlunsuiulsnmuaminduay
amamﬁ’ﬁmaﬂfwmﬂLma'wﬁmﬁﬁmaﬁmmﬁumumuqama Tnsszuuiisathansandn
ihiifanauifmaadoudenis Snidoyannszuuaanddasieuliifufnnuannsn
Tunsuantiivesszuy fuyulassudwiuszuunisndni swdanmsuresUiinaihi
dosmsdmdulsalaiinlutlagtunmegldanmennidluioaiu WeviglunsnaununazinIos
ArunouFuninensdmsunasdendsnulifitluaunag



unil 6
une gy

unaguiinaniasunan1side  deasuannauudziulyvnguassauasdeoiausuuy
uwiwnddsluewan ieliausausaiunwasusuveninendinusatuilliegsdmau

6.1 @3UnNan13IY

Ingdnusiiauewmeluladdumesidnvesasmasdmiusruuuivmsiilulssluih
yunmdnanneedaiy TaeilingUsrasdifionaunuuimenisussgndlddumesidnvosasam
dsetnavnzandeszoiindssavsnwlunissndunutaznisuinsianis lnonsise
afsiilFoenuuy Rawnazuszandldiulsdlnindamaaawin 9.9 wnzndiflonnaey
UszAnsninvesszuuduimesiinvesasandssenssuiuntsnaniinislulseludi
andnonssuessruuiiinulszneude 3 sedudunianieniw sedfutuil 1 Jugunsal
yanenw WU gunsaiiarnudiu gunsniindnsinisiva sasatafites (pH) tuthuas
1 Badnihilunisnsraadoyamsnsnmuasshnmslipeudunsruauns sedutuil 2
\ons ALIRs (Edge Computing) ﬁmﬁwﬁlﬂué)’ammu 1SS miedanudeya
nanduazaing onrusunisuiiRnutomnnsluedots ssfutui 3 Bussuuaand
Featfuayuuonwiindudimiudeyavunalvg 19U MsRamunszuunsiem mlesey
Toyarfioisuszavsnimmisiuiunuuagnisiizssnm

foasUanauigiulumsiumeluladdumes dnveassnds indsegndldiussuy
vimnsilulsslwiiuuadninnegangay fannsaunasainsnislddunuodied
Uizﬁ‘m%maﬁuqmﬂiﬂmﬁﬁlﬂmﬁu ansniissgansnmlunsdiiunuazaisuinng
Fnsleegnadsiu sjuddiuiunsidoonuuunazuszendld industrial Interet of Things
(IoT) iauimsdnnisninensthlulsdlnimdsuinng wamsglsdifhfunadunis
Tugnanmnssuiidesiisnningnsihdmivasastothdmiviuedoudeiulnih dadunis
ﬁ"]’mmi‘m%"wmﬂiﬁwﬁﬁﬂizﬁw%mwﬁﬁL?Juﬁaaﬁwﬁzy A msun1susMIIninensegnedediy
sgwhsiuasndsnu

nan1snaaeuandlfifiuisssansninvesssuuiiniaue Tunisusudse
UsgAnsnmnisinauresszvutiidainiientsdalulsdliindunasuiadnun n1s
Uszgnalddumesidnvosassndsdmivgaamnssy (loT)  aiunsamunuiazinaim
nszUUM T Aieseideyaiiiefindsravsamnisiiunuuaznsthssnu fesa
nessunsmuANMsTuvedldnsasuuUiumld famnsausumssnsnsesuaznisdnsdou
sudsUsuuiinansfsmnedlunisuiulgnaunmiiAusasaautiveniinnumas
sssuIffionafianuiunaunuggnia Tnsszuutinthannsondathiideaaudiniaed
pufesns Bniadeyaainsruunanddiasfoulfifiufsauaunsolunissdetiesszuy
Funlaesmdwiuszuumssantih sufenmmuvesUimahidesnisdmiulsdlwily



92

Jagdu agldanmenialuresiu deyasinszuuininaueausaldlunisinaunuuay
WsENANUNTaNMUNTNeInsEmTuNsHEandanulnilueuean

6.2 Ugynnauassanazdatauauue

dwduigmguasselumsdidunmsideluide “maluladdumesidnvesasnas
dnfuszuuidmathlulsdihaunadnunnegnadsdu” 16

- guassANIumalulad

\Hosanmaluladdumesidnvesassnda (o) uiauladuiunuinly
FnUszdrTurmianagnamnssalutag 9-10 Fikusn vilhAngunsalvdemaluladsinag
wnneNVaenanviaegliuinis dwalinnadonldlfes s auasasidulaly
1309418 19U R1sansguineiinaiauuuiiatenielians 1dendetoyagiadetae
dumesiiingiy WiFi 50 3G l@anUSN15AA1AA1N Wago Cloud Connectivity, Microsoft
Azure via AWS 10T Core wnAunariuansliidufs yomadonynnisdadula &l
ansgnusosuuLarIal samdrnudululdlunsddunulivszaupudisadnme

- gUaATIAYNIIUALYY

guUnsalBumesidnuasaswdsdmivgaamnssu sieinnsdugladuayuauy
Uszgndidu llot thuflsnanfireutegs 15y PLC w89 Wago #3e Beckhoff Tuga IoT dwidy
fams19¥n e Advantech 30999 Libelium Fslismragadigs Taudsuinsaanidues
AWS 0T Core 5edfUseNaUESHEYY WU Bitnami Stacksmith, AWS EC2, AWS S3 &3ul
AU saIAeuige wuy

Tiell mesenveslymilazaunsanaunaluladdumefidnvecasswasdmsy
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Abstract: Optimized water management strategies are among the most crucial concerns in a biomass power plant.
Especially during the times of water scarcity, an improper water supply planning and operation result in a
detrimental power generation or shut down processes. This paper aims to propose the cyber-physical cloud
computing (CPCC), a mechanism of analysis and control physical process using cloud-based framework, in order to
improve the efficiency of water management system in a biomass power plant. In this study, a 9.9 MW biomass
power plant is implemented to investigate the performance of CPCC. The architecture of the proposed system
consists of three physical tiers. The first tier is a tier of physical devices included with pressure, flow, pH sensors,
water pumps and valves that are responsible for detecting the physical data and interacting with the water production
process. The second tier is an edge computing device which functions as a controller, embedded server, data storage,
gateway and switch to manage all operational tasks in an intranet area. The third tier is a cloud computing system
which enables big data applications such as online monitoring and visualization of process operation, adaptive
filtration fouling control, consuming water and total water cost analysis. The results validate the effectiveness of the
proposed system as the ability of an adaptive fouling control system to adjust backwash scheduling and chemical
dosing so that achieving the target of purified water quality even during the fluctuation of raw water qualities.
Subsequently, the water treatment system can achieve the capability for optimal total water cost operations under a
target permeate flow rate and the percent of the recovery. Significantly, the data analytics in the CPCC reflect
current operational requirements of water under local climate conditions, likewise contribute to the practical solution
for sustainable water resource planning in the energy production.

Keywords: Water management system, Biomass power plant, Cyber-physical cloud computing, Optimal energy
consumption, Adaptive fouling control.

1. Introduction

Biomass power plant is one of the industries,
which is highly dependent on water resources to
complete the steam cycle and operate the electric
turbines (Water for Energy 2010). Regarding
Alternative Energy and Development Plan (AEDP),
the Government of Thailand targets to increase
biomass power plant capacity to 5,570 megawatts by
the year 2036 [1]. The rising of biomass operation
reflects huge volumes of water needs in the near
future while many areas across the country are

International Journal of Intelligent Engineering and Systems, Vol.11, No.4, 2018

facing scarcity of fresh water due to climate changes
and global warming [2]. Therefore, the effective
water resource management is crucial issue for
sustainable water and energy availability.

To accomplish a long-term availability of water
reserved for power generation system, several
solutions have been published. For instance, water
treatment and reuse in a thermal power plant was
proposed for providing the scenarios of reusing
wastewater from power plant industries [3-4]. The
water conservation management in thermal power
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plants was addressed with the intention of reducing
the water consumption [5]. The modeling methods
for estimating water consumption were proposed to
analyze and predict maximum and minimum water
consumption in the various types of thermo-electric
power plants [6]. A low-water cooling technologies
at thermos-electric power plants was addressed to
evaluate drought resiliency using economic and
technical performance parameters [7, 8].

Through the aforementioned aspects, this paper
aims to propose the cyber-physical cloud computing
(CPCC), a mechanism of analysis and control
physical process using cloud-based framework, in
order to improve the efficiency of water
management system in a biomass power plant. In
this study, a 9.9 MW biomass power plant is
implemented to investigate the performance of
CPCC. Architecture of the proposed system consists
of three physical tiers. The first tier is a tier of
physical devices included with pressure, flow, pH
sensors, water pumps and valves that are responsible
for detecting the physical data and interacting with
the water production process. The second tier is an
edge computing device which functions as a
controller, embedded server, data storage, gateway
and switch to manage all operational tasks in an
intranet area. The third tier is a cloud computing
system which enables big data applications such as
online monitoring and visualization of process
operation, adaptive filtration fouling control,
consuming water and total water cost analysis. The
essential features advanced the previous methods are
self-adaptive backwash and self-adaptive chemical
dosing functioned for adaptive fouling control,
likewise the feature of total water cost optimization
which is used for controlling the energy
consumption of water treatment system. The
proposed method represents a valuable alternative to
achieve the target of purified water quality even
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during the fluctuation of raw water qualities as well
as increase the capability for optimal total water cost
operations under a target permeate flow rate and the
percent of the recovery. Significantly, more than the
12 months of the data analytics in the CPCC reflect
current operational requirements of water under
local climate conditions, achieve the superior
performance of the water treatment operation,
likewise contribute to strategic of sustainable water
resource planning in the energy production. The rest
of this paper is organized as follows: in section 2,
Materials and methods of CPCC are described as a
proposed system for water management system in a
biomass power plant; in section 3, the results
obtained through experimental implementation has
been evaluated; in section 4, the discussion is
presented; while section 5 is dedicated to the
conclusions.

2. Materials and methods
2.1 Biomass power plant

The implemented biomass power plant site is
located in Buriram, a province in the northeastern
Thailand. It can generate 9.9 MW of electricity
production capacity using biomass fuel such as
wood chips, bark, rice husk, corn cobs, corn stalk,
wood shaving, sawdust and palm kernel shell from
agricultural residues in the local area.
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Table 1. Biomass power plant description

Description Value
EIectrlca}I energy output at full 9.9 MW
condensing
Generator power factor 0.85
Generator electrical voltage 11,000 Volts
Maximum steam flow at operating 45 thr
pressure
Operating pressure 6.5 MPa
Operating temperature 480°C
Feed wgter tgmperature at 110°C
economizer inlet
Saturated steam carryover moisture 0.5%
Fuel flow 14.0 t/hr
Particulate emissions <50 PPM
PAC
Polymer
Reservoir water Clarify water NaOCl UF module UF water

2. alRa K028
Activated
carbon filter
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Figure.3 Schematic diagram of water treatment system
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In Fig. 2, a schematic diagram demonstrates the
structure of biomass power plant using a stoker
boiler with a steam reheat system and extraction-
condensing steam turbine for power generation [9].
The biomass fuel about 450 tons per day is burned
in a direct-fired system of water tube boiler to create
45 tons per hour of high pressure steam. A system
reuses the waste heat through preheater and reheater
for increasing energy conversion efficiencies of
almost 85%. The open cycle cooling system
composes of a steam, cooling tower, and cooling
system pumps. The cooling water will be pumped
from clarified water reservoir through the condenser
and discharged back to the source. Air emissions are
treated using electrostatic precipitators (ESP) for
removing particulate matter. In addition, the details
of biomass power plant description are mentioned in
a Table 1.

2.2 Water treatment system

The water treatment process in a biomass power
plant is divided by the purpose of using as a boiler
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water treatment and a cooling water treatment [10-
11]. The water treatment system of experimental
biomass power plant is shown as the schematic
diagram in Fig. 3. The system comprises of pre-
treatment, ultrafiltration, reverse osmosis and
electrodeionization system that can purify water
with low contaminants at flows up to 4 m%hour. The
raw water from reservoirs is fed into a pre-treatment
system for coagulation and disinfection using
chemical dosing such as polyaluminium chloride,
polymer and chlorine, and then the treated water is
used as a clarified water in the cooling process. The
remainder is fed into ultrafiltration and reverse
osmosis system for pH adjusting and removing all
the particles larger than 1.0 nanometer, and
afterwards  the water is treated in the
electrodeionization system for eliminating ionizable
species. The net output of 96 m®day high-purity
permeate water from the last treatment stage is
stored in a 120 m® storage tank for preparation as a
feed water in the steam production process. The
characteristics of water treatment system are
presented in Table 2.

To control the operation of water treatment
system, currently the logical sequencing and timing
control has been used by programmable logic
controller [12]. However, using fixed timing of
filtration or cleaning operation can induce the loss of
membrane permeability, increase of operational
expenditure, and reduction of treated water quality
because the fluctuation characteristics of the raw
water influenced by daily and seasonal variations
[13, 14].

2.3 Cyber-physical cloud computing (CPCC)
technology for water management system

The cyber-physical cloud computing (CPCC), a
mechanism of analysis and control physical process
using cloud-based framework, has been developed
in this research with the aim of improving the
efficiency of water management system in a
biomass power plant. An infrastructure of the
proposed system in Fig. 4 consists of three physical
tiers: physical devices, edge computing device and
cloud computing system [15].

2.3.1. Physical devices

The physical devices are the instruments included
with pressure transmitter, temperature transmitter,
flow transmitter, pH sensor, turbidity sensor, water
pump and control valve that are responsible for
detecting the physical data and interacting with the
water production process.
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2.3.2. Edge computing device

The edge computing device is a programmable
logic controller integrated with industrial [oT
gateway which provides functionalities of process
operation control as well as enable cloud connection
to physical devices [16].

2.3.3. Cloud computing system

The cloud computing system is a platform of
on-demand computing resources which provide the
functionalities of data storage, online monitoring
and visualization of process operation, process data
processing and analysis application.

The proposed cyber-physical cloud computing
technology for a water management system has a
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system architecture as demonstrated in Fig. 5. PLC
edge computing device connects to remote 1/0O of
the physical device via Ethernet networks using
MODBUS TCP protocol, so that controls water
treatment process operation as well as collects and
sends the specified data about once per hour to the
cloud. The communication between edge computing
device and public cloud platform is executed via
MQTT protocol and encrypted via SSL 3.1. AWS
lIoT Core is a cloud management platform which
supports communication protocol to enable secure
connection including data transmission between
physical devices and cloud services. Amazon EC2
provides secure and resizable computing resources
implemented for developing the applications of
adaptive filtration fouling control and consuming
water and total water cost analysis. Amazon Route
53 provides scalable cloud Domain Name System
(DNS) while AWS ELB is implemented to
automatic load balancing. The operations data and
analysis results are demonstrated in dashboard web
service developed by JavaScript [17, 18].

2.4 Total water cost

In this research, the total water cost function is
developed for assessment of operation cost by
emphasizing the cost of chemical dosing and the
cost of energy consumption.

2.4.1. Chemical dosing cost

Reagents in the water treatment system include
NaOCL, NaOH, coagulant and antiscalant which
can be is represented as the chemical dosing cost
function by [19]

fdosin g = (Zn: kiui jQr (1)

f40sing - TOtl Chemical reagent cost(Baht)
k. Unit price of reagent (Baht / unit)

u;: Dosage of reagent (unit/ L)

Q, : Volume flow of raw water (L /s)

faosing 1S @ cost function representing the cost of all
chemical dosing in water treatment plant which is
proportional to the volume of applied reagents, the
price of reagents and the volume of raw water. In
this study, the total volume of chemical reagents
have been measured and recorded for calculating the
total water cost as well as using as a manipulate
variable in self-adaptive chemical dosing process.
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2.4.2. Energy consumption cost

The energy consumption cost of water treatment
system is expressed in this analysis as the Specific
Energy Consumption (SEC), which is defined as the
cost of the electrical energy required to purify a
volume of permeate water [20-21].

(Zi miinAPpumpi /npumpi )
QPtotaI Ar, 0

(2)

fSEC =

fsec : Total energy comsumption cost(Baht)
m;: Unit price factor (Baht/kW -h)
Q; :Volume flow rate offeed water (m3/h)

AP Differen_cg pressure across pump (Bar)
Moump - PUMP efficiency
Qp e - TOtal flow rate ofpermeate (m*/ h)

Ar,: Osmotic pressure (bar)

fsec is a cost function representing the cost of
energy consumption to purify the water in a RO
water treatment plant which is mainly proportional
to the values of feed flow rate (Q), differential
pressure across the pump (A Ppump), permeate flow rate
(Qp). In this study, there are five control variables
(the feed pressure, feed flow rate, concentrate
pressure, concentrate flow rate and water recovery)
which the optimal values are determined. The
optimization objective is to minimize the energy
consumption that affects to the total water cost,
while producing a specified volume of permeate
water.

2.5 Optimization of energy consumption

The optimization of energy consumption in
water treatment operation is developed using the
energy-optimal control system which control feed
pressure and flow rates of RO system for achieving
the water treatment recovery at the energy optimal
conditions [22]. The schematic diagram of energy-
optimal control system in Fig. 6 demonstrates the
cooperation between controllers and RO water
treatment system. The two stages of RO water
treatment system are controlled by an edge
controller for achieving the required permeate flow
rate set-point at the specified water recovery, while
the supervisory controller calculates the optimal RO
feed pressure and the feed flow rate so that establish
the trajectories and operational set-point for edge
computing control. The actuators are high pressure
pump and concentrate valve which are used for
adjusting RO feed pressure, feed flow rate and
concentrate flow.
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2.6 Adaptive fouling control methodology

The actual applications of membrane water
treatment system are still confronted with the
problem of filtration and fouling control because the
fluctuation characteristics of the raw water
influenced by daily and seasonal variations. An
improper water treatment process operation results
in the loss of membrane permeability, increase of
operational expenditure, and reduction of treated
water quality. Therefore, an adaptive fouling control
methodology is developed as a crucial part of cyber
physical cloud computing for optimizing water
treatment operation in the appropriate scheduling
and chemical dosing quantity in order to treat the
varying quality of raw water efficiently [23-24].

2.6.1. UF self-adaptive backwash scheduling

This research develops the self-adaptive
backwash scheduling using a deviation of UF
resistance as a threshold triggering for air scouring
backwash [25].

R, =2 ©)
JIEN
where
3 =" @)
A,
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Rr is the total UF resistance. AP, is pressure

difference across the membrane (Bar). u is the water
viscosity (mPa.s). J is penetration flux (L/m?-h). n
is number of UF skids. Q- is permeate flow rate

of the UF skid. An is the active membrane area.

In self-adaptive backwash control, the 1’st
filtration and backwash scheduling plan s
performed an operation as an initial state. In case the

value of UF resistance (RT) rises towards the

threshold (g1, €2, €3), the adaptive fouling control
is proceeded by adjusting the filtration and
backwash scheduling plan which properly with
varying characteristics of the raw water.
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2.6.2. Pre-treatment self-adaptive chemical dosing

A pre-treatment is an important part of water
treatment system, functioning as a first
contamination screening. Numerous chemicals are
used for coagulant and disinfection. An improper
quantity of chemical dosing results in the
increasing of operational expenditure. Therefore,
self-adaptive chemical dosing is developed in this
research.

The self-adaptive chemical dosing controller
collects physical data of raw water, such as pH,
turbidity and calculates the value of UF resistance
so that performs the effective chemical dosing
control corresponding to the presence of
substances in raw water along with UF resistance.
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The self-adaptive fouling control algorithm of
water treatment system for backwash scheduling
and chemical dosing is demonstrated in Fig. 7.

3. Experimental results

As aforementioned research methodology, the
experiments of proposed cyber-physical cloud
computing (CPCC) were implemented on a water
treatment system of biomass power plant in Fig. 3 to
validate system efficiency. The experiment tests
included performance validation of water treatment
system, particularly the ability of an adaptive
fouling control system to adjust backwash
scheduling and chemical dosing complying with the
varying properties of raw water. Subsequently, the
capability of total water cost optimization in
biomass power plant compared with existing
operation was considered.

Referring to the membrane resistance previously
mentioned in Eq. (3), Rr has been calculated and
used as a threshold triggering for air scouring
backwash so that decreases the membrane fouling
rate as well as increases the purification
performance. The UF controller operated filtration-

backwash cycles with adaptive backwash scheduling.

The 1’st filtration and backwash scheduling plan
was performed an operation as an initial state. In
case the value of UF resistance (Ry) rose towards the
thresholds (e1=1.5, €=2.5, €3=10), the appropriate
scheduling plan was operated with air-pressure
entrance pressure 2.5 bar and flow rate 12 m%hr for
20, 40 and 60 second interval time. The system
produced the filtrate flux of 100 L/m?hr at feed
pressure 3 bar. UF membrane resistances resulting
from self-adaptive backwash scheduling control,
compared with fix backwash scheduling are
illustrated in Fig. 8. It is noted that the proposed
self-adaptive backwash scheduling impacts on the
lower rate of UF resistance increase (Blue line)
compared to the fixed frequency backwash (Red
line). The result demonstrated that self-adaptive
backwash, based on a membrane resistance
threshold, was superior to fixed frequency backwash
in decreasing the membrane fouling rate and
extending the frequency of requiring chemical
cleaning in place (CIP), likewise increases the
effectiveness of water purification [26].
Pre-treatment controller operated the water
clarifying cycles with adaptive chemical dosing. The
raw water turbidity and UF membrane resistances
mentioned in Eq. (3) were considered for controlling
the chemical dosing quantity corresponding to the
guality of raw water. The system produced the
clarify water of 100 m3/hr. Adaptive chemical
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dosing manipulation corresponding to raw water
turbidity was performed using different chemical
reagents volume 3.5, 55, 8 L/s complied by
respectively water turbidity limit 20, 25, 30 NTU.
The results in Fig. 9 demonstrated that the proposed
self-adaptive  chemical dosing achieved the
effectiveness of adaptive fouling control compared
to conventional water treatment processes which
always applies fixed volume of chemical regents
affects the worse cost of exceeded chemical dosing
or lower purified water quality [27]. The adjustable
chemical dosing volume (Yellow line) is capable of
change corresponding to the presence of raw water
turbidity (Blue line) so that decreasing membrane
fouling rate of filtration membrane represented by
the UF resistance (Red line) even in the situation of
high suspended particulates in the raw water.

6.0

3.0

Resistance (Bar-hr/mPa/s/m)

Hours

- UF Resistance Adaptive Backwash — UF Resistance Fixed Backwash

Figure.8 UF membrane resistance with self-adaptive
backwash
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Figure.9 Adaptive fouling control impact

Chemical dosing

RO water treatment operation constrained by
target recovery (Y), required permeate flow rate (Qp),
feed flow rate (Qr), maximum feed pressure (Pr) and
permeate pressure (Pp). Low-level RO filtration
controller received set point of RO feed pressure and
concentrate flow from the supervisory RO controller
as well as collected process variables (Ps, Qr, Pc, Qc,
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Pp, Qp, ) so that performed system operation
maintain energy optimal as derived in Section 2.4.2.
Referring to given permeate flow rate (Qp) of 4 m¥h,
maximum permeate pressure (Pr) of 8.5 Bar, and
recovery (Y) of 90% will lead to calculate the set
point of RO feed pressure (Ps) and feed flow rate
(Qn) that is relative to the optimal energy
consumption cost function expressed by Eq. (2).

As aforementioned  methodology, water
treatment system is able to achieve the target of
improving the operation efficiency as illustrated by
the impact on total water cost in Fig. 10 as well as
purified water quality in Fig. 11. The results in Fig.
10 demonstrated the total water cost (Blue line) of
water treatment operation for biomass power plant
which computed by the summation of chemical
dosing cost in Eq. (1) and energy consumption cost
in Eqg. (2) added with the average fixed cost (Yellow
line). Comparing with the average total water cost of
the system without the proposed cyber-physical
cloud computing (Red line) [28], the total water cost
(Blue line) was decreased by the major impact of
chemical dosing cost reduction as well as energy
consumption cost optimization. Furthermore, the
results in Fig. 11 illustrated the fact that the water
treatment operation with the functions of proposed
adaptive-fouling control and energy consumption
optimization was able to achieve the effectiveness of
water purification complied by the required
specification EDI TDS<0.64 (Orange area), EDI
pH=6.5-8.5 (Orange line) UF/RO TDS<6.5 (Blue
area) and UF/RO pH=5.5-7.5 (Blue line), even
during the fluctuation of raw water qualities.

In this research, the total water consumption has
been observed and demonstrated as the graphical
data depicted in Fig. 12 which is the important
information from the proposed system reflecting the
operational requirement of water under local climate
conditions. Comparing with the conventional
biomass power plant [29-30], the proposed cyber-
physical cloud computing (CPCC) is able to expose
the crucial data which are appropriately used for
water resources planning in case of water scarcity.

4. Discussion

The performance of CPCC for water
management system was initially concentrated on
capability ~ for  adaptive  fouling  control
corresponding to the variation of raw water
properties. In Fig. 8, the comparison of fouling
control results, UF membrane resistance with self-
adaptive backwash and fixed backwash are
demonstrated. In case higher of turbidity of raw
water and pressure across the membrane, backwash
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frequency and interval time was increased, while
filtration interval time was decreased so that
decreased raising the rate of membrane resistance.
In Fig. 9, self-adaptive chemical dosing control was
illustrated. The different dosing plans were operated
corresponding to variation of raw water turbidity.
The results of self-adaptive fouling in Fig. 10,
demonstrate that the control action can achieve the
target to control , purified water quality complied by
the required specification TDS<0.64, pH=6.5-8.5,
even during the fluctuation of raw water qualities,
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furthermore can restrain a membrane fouling as well
as extend a membrane lifetime. Subsequently, the
capability of optimal energy operation was focused.
In Fig. 11 clearly presents that the water treatment
system can achieve the capability for optimal total
water cost operation under a target permeate flow
rate 4m3/h and recovery (Y) of 90%. In this research,
the total water consumption has been observed as
the graphical data depicted in Fig. 12 which is the
appropriate information reflecting the operational
requirement of water under local climate conditions,
also it is available for a water resource planning in
the energy production.

5. Conclusion

Improving the efficiency of water management
system in a biomass power plant using cyber-
physical cloud computing has been presented in this
study. The  proposed infrastructure  and
methodologies were developed and implemented on
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UF/RO water treatment process of biomass power
plant. The three physical tiers constructed of
physical instrumentation, edge computing and cloud
computing were deployed with the aim of providing
the superior performance of the water treatment
operation. The self-adaptive fouling control
efficiently accomplished a capability of purification
during variation of raw water properties. In case of
optimal total water cost operation, the energy
consumption and chemical dosing were optimized
while achieving the requirement of permeates flow
rate and percent of the recovery. Furthermore, the
tracking of total water consumption reflected the
volumes of water needs which advantaged for a
water resource planning in the energy production.

The future research plans include optimization
of fuel consumption and fuel cost of biomass power
generation for improving combustion efficiency,
likewise sustaining operation resources.

Table 2. Characteristics of water treatment system

Water quality parameter Units Raw water Pre-Treatment UF/RO EDI
TDS mg/L 1920 1984 <6.4 <0.64
pH - 7.25 7.2 5.0-9.0 6.5-8.5
Turbidity NTU 15.68 1 <0.1 <0.1
Nomenclature
Pt Pressure of feed water (Bar) A Ppump Difference pressure across pump (Bar)
Pc Pressure of concentrate (Bar) A Pn Pressure across membrane (Bar)
Pp Pressure of permeate (Bar) Y RO Recovery rate (%)
Qs Flow rate of feed water (m3/h) Rt Total UF resistance (Bar/mPa.s -m/hr)
Qc Flow rate of concentrate (m®/h) n Number of UF skids
Qp Flow rate of permeate (m%/h) An Active membrane area (m?)
Qp total Total flow rate of permeate (m%/h) Dynamic viscosity (Pa.s)
Qur Total flow rate of UF permeate (m®/h) £ Maximum threshold of UF resistance
77 pump Pump efficiency ki Unit price of reagent (Baht/Unit)
Am Osmotic pressure (bar) m; Unit price of energy (Baht/Unit)
[4] B. Al Smadi, K. Alzboon, and T. Al Azab,
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Abstract:

This paper describes the fractional-order controller design to achieve stability, performance and robustness

of peltier-thermoelectric cooling system modeled as a first-order plus dead-time process which is widely used in a
variety of applications. By using the purposed method, the process parameters are estimated from experimental based

model identification. Then, the fractional-order

controller is designed and optimized by minimizing the function of

ISE performance index. Simulation validates theoretical analysis and demonstrates the enhanced performance of the

fractional-order
Keywords:

1. INTRODUCTION

A Peltier - Thermoelectric Cooling System (TCS)
consists of a element that utilizes the peltier effect to
create a differential thermal controlled by applying a
DC power. [1], [2] Peltier thermoelectric system is used
in a variety applications of cooling electronic and
electro-optic components, thus thermal control system
design for TCS have been developed continuously for
higher system performance. However, a superior
performance and robustness of peltier- thermoelectric
cooling system is difficult to achieve because of its
nonlinearity characteristics [3]~[8]. In a previous
research [9], PID  controller design using
Ziegler-Nichols’ open loop and closed loop tuning
method for achieving stability and transient response
was proposed. Because the process model exhibits
significant nonlinear = behavior, a conventional
PID controller could not satisfy a superior performance.
In this paper, an implementable of fractional-order
PI*D* controller proposed by YangQuan Chen, Ivo
Petras and Dingyu Xue [10] is developed and evaluated.
This paper describes the fractional-order
PI*D* controller design to achieve stability,
performance and robustness of peltier - thermoelectric
cooling system. By using the purposed method, the
process parameters are estimated from experimental
based model identification. Then, the fractional-order
PID  controller is designed and optimized by
minimizing the function of ISE performance index.
Simulation  validates  theoretical analysis and
demonstrates the enhanced performance of the
fractional-order ~PI*D* controller compared with
integer order one. The rest of this paper is organized as
follows: in section II, problem formulation of peltier -
thermoelectric control system has been analyzed; in
section III, fractional-order PI*D* controller is
proposed as design method for the current application;

978-89-93215-13-7/17/$31.00 O ICROS
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in section IV the results obtained through simulation are
described; while section V is dedicated to the
conclusions.

2. PROBLEM FORMULATION

Consider a thermoelectric cooling system in Fig.1.
The constructed TCS consists of a peltier device which
is installed on front side of an aluminum plate. Cooling
is performed on the aluminum plate when DC power is
applied to the peltier device. A thermal transference in
TCS is controlled by input current and diffused by
fan-motor installed on cooling side of the peltier
module.

Heat sink+Fan

Hot side

Peltier device Cool side

Object to be cooled

DC Power source

Fig. 1 Thermoelectric cooling system.

In general, a model of the thermoelectric cooling
system has been identified by Fourier’s law of thermal
conduction and Newton’s cooling law. However, TCS
transfer function identified by mathematic modeling is
not appropriate for controller design due to variation of
system parameters. In this paper, the thermoelectric
cooling system is considered as a first order plus dead
time model (FOPDT) for demonstrating its nonlinear
dynamic characteristics. The FOPDT transfer function
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can be written as:

k e
6, (1) -2 o

Due to a nonlinearity characteristic of thermoelectric
cooling system (TCS), it is difficult to achieve a
superior performance and robustness. Thus, this paper
aims to design a fractional-order ~PID  controller
which can be optimized parameters of controller.

3. Fractional-order PI*D* controller

A differentiation- integration operator used 1in
fractional calculus is defined as:

d?
E q >0
D=4 1 g=0 2
j(dt)_q qg<0

where q is the fractional-order. a and t are the limits of
the operation.
A definitions for fractional derivatives given by
Grunwald-Tetnikov 1s shown as follows:
q

R j_')f f ( I) = L(t)

d (z - a)q

(3)

i ] BV S

where N is the first integer which is not less than q i.e.
n-1<qg<n

For functions f(t) having n continuous derivatives
for t> 0 where n-1 < q<n,

The Laplace transforms of fractional integral and
derivative are given as follows:

L{,D2f(1)}=5°F(s) (4)
A fractional-order PID conmtroller is the PI*D*

controller involving an integrator of order A and a
differentiator of order . The transfer function of the

PI’D* controller can expressed as

G.(s) —%— k,+k, Si/,_+kp.sﬂ, (Zu>0)_ (5

where G, (s)is the transfer function of the controller,

E (s) is an error, and U(s) is a controller’ s output,

and u are real numbers.

Fig. 2 depicts a block-diagram of PI*D* controller
which has a control characteristic described by bode
plot in Fig.5. The advantage of fractional-order PI*D*
controller is control performance for dynamical system,;
moreover it has a robustness to resist changes of
parameters of a controlled system [10].

Proportional Action

Integral Action

E(s) " 2 ok = U(s)

1 La

Denvative Action

Fig. 2 Block-diagram of FOPID.

4. SIMULATION & RESULTS ANALYSIS

In order to validate the performance of the proposed
controller design, a simulation application is developed
in SIMULINK, MATLAB for two cases: evaluation of
control performance and robustness. The comparison
between the responses that result from the
fractional-order PI*D* control and integer-order
PID control is made. The details of simulation and
results analysis are as follows;

Fig. 3 Simulink of fractional-order PI”D* control
for TCS.

4.1 Evaluation of Control Performance
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Fig. 4 Open-loop step responses of TCS.

In Fig. 4, the open-loop step responses of TCS, the
response of thermoelectric cooling system without
controller is presented. A time-domain curve fitting is
used to determine the values of parameters in the first
order plus dead time model, which can provide TCS
transfer function as:
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The design of fractional-order PI°D* controller is
performed for TCS model in eq. (6) using the
optimization tool [11]. Initially the PID parameters
are set to K, =K =K,=1, A=p=05. Search

K =[-100; 100]
A=[1.01; 1.90] and 4 =[0.01; 0.90] . Specifications are

as follows. Gain margin is set to 10 dB, and phase
margin to 65 degrees. A selected optimize function is
integral square error (ISE).

Optimization with these settings leads to the following
fractional-order PI”D* controller parameter set: Kp =
0.57331, Ki =0.049723, Kd = 0.5601, while A = 1.0184
and p = 0.49709. In case of integer-order PID
controller, Ziegler-Nichols tuning method is used to
determine the controller parameters which are the
values as: Kp =1.47, Ki=0.2, Kd =1.72,

limits are set fto for gains

(7

The frequency responses of two controllers are
shown in Fig.5, where a blue line shows bode plot of
PI” D" controller, a green line shows bode plot of PID
controller.

G, (s)=kp +k,SL}v+sz"
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Fig. 6 Step Responses of TCS with fractional-order
PI” D* controller compared with PID controller.
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Fig. 8 Control signal of integer-order PID controller.

A comparison step response of the proposed
fractional-order  PI*D* control  system  with
integer-order PID control system is shown in Fig. 5.
It can be seen that the results value of overshoot has
been improved for 59.76% to 12.28%, settling time is
44.45 second and the value of steady state error is zero.

Comparing the result with the response of
fractional-order ~PI*D*controller in Fig. 5, we can
notice the fact that the performances obtained in the
case of the purposed controller design is better than in
the case of using integer-order PID controller.

4.2 Fractional Parameter Optimization

To validate appropriate values of fractional
parameter (/1, y) for thermoelectric cooling system, we
plot results of Integral Square Error (ISE), with respect
to A and x4 which are enumerated from 0.1 to 1.4

and 0.1 to 0.9 with step of 0.1 and approximate order
N =5. In Fig.9, mesh plot of ISE of control system
with respect to A and u has been presented. It can be

seen, that the proper values of fractional parameter
(A,p) are in the range of 2=[0.951.15] and

u=[0.35; 0.59] respectively.
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Fig. 9 Appropriate values of 2 and u (ISE).

4.3 Evaluation of Robustness

In order to evaluate characteristics of controller, we
consider the perturbation of process gain and delay time
of the process. The perturbations of the parameters are
presented in Table 1.

Table 1 The perturbation of process gain and delay time.

Nominal §30% ~30%
Perturbed Perturbed
parameters
parameters | parameters
Process 5.822 7.5686 4.0754
gain
Delay 2.5 3.25 1.75
[s]

In this case, the simulation of TCS control system in
Fig. 3 has been considered to validate a robustness of
the proposed control scheme for rejecting the effects of
the process perturbation.

Thermaslectric cooling system with fractionak-crder PID hominal
Thetrmaelectric cosling system with fractionak-ceder PID 430% Process gain |

Thermaslectric cooling system with fractional-order PID -30% Process gain

Amplitude

Time [s1
Fig. 10 Step Responses of TCS fractional-order
PI" D* controller with process gain perturbation.
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Fig. 11 Step Responses of TCS fractional-order
PI*D" controller with delay time perturbation.

Resulting time responses are shown in Fig.10. The
blue line shows a response of the nominal plant, the red
line shows a response of a +30% process gain
perturbation, while the green line shows a response of
the -30% process gain perturbation. In Fig.11, The blue
line shows a response of the nominal plant, the red line
shows a response of the +30% of delay time
perturbation, while the green line shows a response of
the -30% of delay time perturbation. It can be seen, that
the fractional-order ~ PI”D* controller can achieve
robustness evaluation for nominal and perturbed plant.
From these results, fractional-order ~PI*D* controller
can achieve both of control performance and robustness
evaluation.

5. CONCLUSION

The PI'D* Controller Design for peltier -
thermoelectric cooling module has been presented in
this study. The  proposed fractional-order
PID controller is implemented to achieve control
performance and robustness of control system. The
controller design of the proposed system has been
derived, and the effective performance has been
validated via MATLAB simulation. The results from the
evaluation, fractional-order PI”*D* controller can keep
stability and satisfy the performance specification even
if the parameters of the plant are perturbed.
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Abstract:  Chemical dosing is a significant process of water treatment system because it influences on water quality
and operational cost. This paper presents a chemical dosing pH control using temporal logic technique for ultrafiltration
water treatment system, in order to validate and analyze an appropriate control approach. In this study, a simulation was
built in Matlab Simulink, and has been tested with the data collected from a pilot-scale ultrafiltration water treatment
system. As stated in the simulation results, the proposed control scheme can achieve the performance specification in
pH control.

Keywords: Ultrafiltration, Water Treatment System, Chemical Dosing Control, Temporal Logic Stateflow

1. INTRODUCTION f 1T

Ultrafiltration water treatment system is widely used
for water purification application. To produce the
purified water that appropriates for using in industrial or
residential area, several chemical dosing have been

Caustic

pH
Controller

provided in pre-treatment stage to enhance filtration
efficiency, for instance, chlorination applying for algae
control, polyaluminium chloride (PAC) applying | Ay
coagulation for removal of colloids, and neutralization
for pH control. This paper presents a chemical dosing
pH control using temporal logic technique for
ultrafiltration water treatment system, in order to
validate and analyze an appropriate control approach. In
this study, a simulation was built in Matlab Simulink,
and has been tested with the data collected from a @ @
pilot-scale ultrafiltration water treatment system. As
stated in the simulation results, the proposed control
scheme can achieve the performance specification in pH
control. The rest of this paper is organized as follows: in Fig. 1 pH Control System.
section II, pH Control System Model has been
explained; in section III, temporal logic controller is de (1) uls /
proposed as control method; in section IV the ;’f() _E,)(Cu (0)-c, (;))+q£)(q (1)=c,(2)) (1)
simulation results are described; while section V is
dedicated to the conclusions.
where
2. PH CONTROL SYSTEM c,(?) isa concentration of the excess hydrogen ion in
] ) ) treated water (mol/L)

The pH of water is controlled ina tank as shown in ¢ (I) is a concentration of the excess hydrogen ion of
fig. 1. The untreated water flows into the top of the tank
while the acid and caustic reagent is added into the tank. reagent (mol/L)
The water in tank is stirred in order to uniform the pH of ¢;(f) isa concentration of the excess hydrogen ion in
all liquid in the tank. The treated water is pumped out at untreated water (mol/L)
a bottom of the tank after specific batch time. u(f) is volume flow rate of reagent (L/s)

From mass balance equation, a dynamic model g(#) isvolume flow rate of untreated water (L/s)
of the strong acid or caustic system is shown in (1). v is volume of tank (L)
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The pH of water can be calculated from a concentration
of the excess hydrogen ion as describing in equation (2).

pH =—log [\fo.zscz +107+ +0.sc}

In this study, we define a concentration of reagent as a
constant value, and control the value of an effluent pH
by varying volume flow rate of the reagent.

)

3. TEMPORAL LOGIC CONTROL

Temporal logic control is a scheme of logical
condition control technique that performs state actions
and transitions in term of time. The event-based and
absolute-time are two types of temporal logic operation.
Event-based temporal logic use operators as following
description.

Operators after : after(n, E)
where E is the base event for the after operator, n is a
positive integer.

Operators before . before (n, E)
where E is the base event for the before operator, nis a
positive integer.

Absolute-time temporal logic use operators as following
description.

Operators after : after(n, sec)
where 1 is positive number or expression.

Operators before : before(n, sec)

Temporal Logic Stateflow diagram in fig. 2 depicts a
structure of Stateflow controller which includes 2 state
of exclusive (OR) and 3 graphical functions of Function
On, Function turn_pump, Function and Function dose.
Absolute-time temporal logic operators have been used
as the conditions of transitions for the action of turn on
or turn off the dosing pump.

Pump

Off
entry: tum_pump(OFF)

function turn_pump(mode)

after(10,5ec function b = dose
after(2 sec [dose()

]

Fig. 2 Temporal Logic Stateflow diagram.
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4. SIMULATION & DISCUSSION

Using experimental process values of pilot-scale
ultrafiltration water treatment system in table 1, the
proposed control scheme has been tested. From the
initial condition, the target is to control reference at
pH7.

Sei point
_
pH Controller
Process
Untreated water Treaied water

Fig. 3 Control System Block Diagram.

Table 1 The process values of pH control system

Description Value
concentration of the
G il excess hydrogen ion of 1.0E - 04
reagent (acid: mol/L)
concentration of the
C, camsiic | €xcess hydrogen ion of ~1.0E - 03
reagent (caustic: mol/L)
concentration oft.he . L1 0F —03 1o
c, excess hydrogen ion in Yor_os
treated water (mol/L) |
% volume flow rate of S 0F 03
. untreated water (L/s)
volume of a tank (L) 50
The simulation of chemical dosing control for

ultrafiltration water treatment system using temporal
logic control has been done by Matlab, Simulink
program as the diagram showing in fig. 6~9.

"/ O

Dist

Dow
*  Comen . »

Dets Type Comversiont ,E] 3

(]
fet(C)

Temporal Logic Controer

m
|

re1

Tl

Fig. 4 pH Control Using Temporal Logic Stateflow.



(AcidDose G, function n =dose_select(p,r)

function u =dose_acid(p.r)

_—
(CausticDose )

function u =dose_caustic(p,r)

Fig. 5 Temporal Logic Stateflow diagram.

Referring to the diagram of temporal logic control in
fig. 5, when subsystem AcidDose becomes active,
function dose select will be executed for checking a
current pH value. If pH is more than 7, function
dose acid will be executed with appropriate temporal
operators. On the contrary, if the pH is less than 7,
function dose_caustic will be executed with appropriate
temporal operators.

pH

3 - % W =00 00 & 00

Offsat=0 Time [sa¢]

Fig. 6 Step Response of Temporal Logic Stateflow
Control for Acid Dosing.

500
Time [sec]

Fig. 7 Control Signal of Acid Dosing.
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Fig. 8 Step Response of Temporal Logic Stateflow
Control for Caustic Dosing.

. -

Fig. 9 Control Signal of Caustic Dosing.

5. CONCULSION

Chemical dosing control for ultrafiltration water
treatment system has been presented in this study. The
temporal logic control technique is implemented to
achieve pH control performance. The controller design
of the proposed system has been derived, and the
effective performance has been tested and validated via
MATLAB simulation. The simulation results have
also been proved an achievement of control scheme for
pH control.
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