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(Wastewater Management at Budapest Waterworks - BWW)
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o. lsesuunUauidenalayaiuss (Budapest Central Wastewater Treatment Plant)

mstdaundes - msdudunuvedsiuiidaidenarsyaad feidunisamuiunisundes
dunaeuiilugnastuglsunans

TsatndnuLdsndlosuan

il 200,000 au.al/du

'~ 200 000m*/day

. .
. %/

BCWWTP
350 000 m?/day

(2040)

South-Pest 3
80 000 m®/day Google

/ TsattmnEunans Tsstndnddenalaveadiaalan

Yimilg 350,000 au.ar/Yu Undnlel 80,000 au.aL/Tu

e | \Nastewater treatment —

operation of the BCWWTP, the biggest environmental protection investment in Central Europe

200 000 m¥/day /.
980). ** g

()

BCWWTP
350 000 m®/day

(701 n\

sy
) o

o Toréokbalint

South-Pest . .
80000 m®/day Google
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o waluladlvlagauunnzyinie
O WUNITINNAYUY
ormamaluladviuadioiamnaseunquanluadomiafunaulasauysal
wazasouaauluAslATENIEUIUNTTEUIERINA

AL Ao o
UNUNALYYITIDYAY o

e N ANanEUnsEUINNNSEasaaskuU it nalgd@ s unannsewa i wazliay
Sou UseAnSamnmslindanuniglueguseanu vo% (aifgegafopioudmay bees
NAMNSINUTDININD e.c%)

. | Specialities

« Brand new technology, compact size
* 18 parallel biological treatment lines

« All technological buildings are covered,
complete odour treatment,

* Covered and ventilated process structures
» Green surface area: 70%

« The biogas made via anaerobic digestion is
used for electricity production and heating.
The energy self efficiency is around 60%.

z.:;‘ (* max. August 2015 > 89,4%)
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nsRALIWaNIsUsEndaduyuadlssidaudenatsyaad

Aanssudisidunsldies
o nsliirdeseuning
o  msldnunazm U nYITEUUAILANNTEUIUNT
o nsldnulasNsURSNITEUUIEUIERINA
o nsdansauleivesasevienigludiineu
®  ANIAUAIEIUNANY

o nsUpsnuAnulasnsy

nsaamuilonsUsEndanasanu

o pdowdnliihenntinfis (NMskansIn eed wneTad/d3lu) - Effluent power unit (2
production 545 MWh)

® A5NNUNTBUNAINULAIDINRIN18TUDIAITEITNIIU (NMSHARTIN &, 000 NLaIRE)

® AASUNNINEUBNFIDIANTAINNIY

w=. | Cost saving developments of WWTP’s

Insourced activities:

+ Operation of the gas engines

+ Operation and maintenance of the process control systems
* Operation and maintenance of the ventilation system

* IT management of the internal office network

* Centralized warehousing

+ Safety protection

Energy saving investments:

« Effluent power unit (2 production 545 MWh)

« Solar powered water heater in the office building (£ production 56,700 kW)
« Exterior shades on the office building

wlalae UgEINURY AL
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nsiaunnalulad
® N15VAaBATIUHUR (DEMON - Demonstration): 1inn15vdnlulasiauunnauy

®  MsiNUEANSNMNAIUTDNATEMY UL (Centrifuge): LATBIEUAMDIIULIN
(Turbojet)

o nsiiNAunUNTUsEANSAmMYBINITUITANGY

AANTTUNISIVLaEIAUN (R & D activities)

a waa a !

® annisiuian TSS vounaluladialianazidsngeu

[

e n1sfidusnlulAsaNis GIRD 2014: NsWIngAUINNNINALNUTULIN (AZNDUNTEUNE

Y

P8NUIAINAUL)
® Horizon 2020: lassn1snseuANuTINileann nglsUilon1Ideuaruinnssy

o Fyuandeiuuminedeinalulaguaziasygmansyaiias (BUTE - Budapest
University of Technology and Economics) AMAI91IAINTTUsaAI@nskaznine1nTin
Usgndnenldanelunisufifnulseddaedssnumenisusunisyiuvemihemalulad

Tnungay (uanulnin)

w==_| Technological developments of WWTP’s

Technological developments:
+ DEMON: enhanced nitrogen removal
+ Energy optimization of the centrifuges: turbojet
+ Cost-effective optimization of the odour treatment

R & D activities:
+ TSS load reduction of the sensitive DEMON technology

+ Participation in the project of GRID 2014: ,Raw material recovery from primary
sludge”

* Horizon 2020: The EU Framework Program for Research and Innovation

* Research contract with BUTE, Department of Hydraulic and Water Resources
Engineering (Yearly operational cost savings of the plants through optimization
of the technological units’ operation (electricity in focus)).
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Cogeneration Laboratory

..'\'.‘h.

Sustainability

SEUUNSHARNAINUAINUTOUIIU
TgLRNIZNS U NEBINANS

HAn WA aNAnALT U S WaLeg ety

=~. | Operation

Cogeneration Laboratory

o .&

Sustainability
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NMSUIUALIRY

11,250 aU.4./9Y. 4,375 au.u./94.

wsaaniia i

LUUSEHALNGEA
AZLNTIALLIYA

)

¥
N9V

37,500 av.u./

saa
aAN5@Lad

A1SUIUNTINN

21,875 au.d./v4.

AISLASBNNS

o s
Uurun
N& 2°EN 2ai1 a1 /exal

l Asuan AN N1988N

4
o 1o
g < NAWU+ANNSDU | LUUINTYU
ATNBUVULSIN ATNBUFININ /

O—

i

ANSAANSDY o y
y A15U1UA neneu
nsan Tudu
AzNaU
=== | Treatment process
Stormwater
treatment
)
11,250 m%h 4,375 m%h
Fine Archimedes
Pre- Biological Screw generstor
:’
) % treatment treatment

Inlet 26,250 m3h 21,875 m¥h
37,500 m3h F Comrmarat == Qutlet
1 Engene:a ﬁm': : Danube
Primary Biological l_ff'ﬂ"'__ff.l
sludge sludge ¢ /

Screenings,
grit, grease Sludge
treatment
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N1SLAIINNITUIUN

A15NAANTIN WaLludu + NISANAZNBUYUKSIN 26,250 AU.U./V4.

pzUNIAzIDYA (3U.) 37,500 au.u./vd. ’ nsUnUaUIRy 11,250 au.4./v4.

o | Pretreatment

Grit, grease removal + primary sedimentation 26 250 m3/h

Finescreens (3 mm) 37 500 m3/h | Storm water treatment 11 250 m3/h
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N15UNUATINIW - A15IANTNTANN

Ts9UnUnUNLde 55U t

Tsstntadndenansyanidsn

' t Degassing chamber

- Pre-anoxic Ae NsyUILNSAddNEsTiTlumsn (NO3) LU Tnehlulddmsunszuiumsalums-
Fpdu (Denitrification - nszurunsiasulumsmduineglulnsiau)
- Anaerobic #s MstatdelnglideuftesndauviessuylZooniauniodmin syuuisy
Tesldfuunsvanniy mszannsalsendandsnulunisidueneuasSslandsnuitingn
syuulieandiaulaun Meilvu (Methane gas) Wusu' Wunseuiunisgesaansuuulionna
(Anaerobic digestion) Wieadeatunsaanevesdunislneuuadiseluan nwindouiivsan
oondiau unssuumsidaindefitenlfuasdiannsandnuiatanmitgnuludeufativu
Feanunsoldlumsadrsnnudounas/mse i
- Aerobic Ao mstaiiEelngldeendiau fedimedainen nslduuadidemnildosndiou
(Aerobic Bacteria) Wlusudnlunisdesaansanssuviadlutide™

1. Aerobic Processes viaanszuaunsiidauuuldonnia Wussuuiiuesndiauaduinge
dielvigaunadldoantiaulunistosameansdunidluuie

2. Aerobic Pond vievsuslsdn WuteiifiuuaiiBouazamsouviuassey Wulediinim
anluunniniiteleendaunsranevhisusuariianmdunelsdnnasnauan Tngorduoendiauain
MSELATITR LAWRIAMINY LaznsBueIN ATVt wardiaunsasidelsaldaunislneende
LESLARNDNATE
- Anoxic fio anmgitlifioofauazaneluih shlvlusslulasnau (NO32) gdewdufineg
Tulnsiau (N2)V
- Sedimentation Tank fi® §9AnNALNDU
- Degassing Chamber A n13A8fNY

wlalae UgEINURY AL
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https://organics.co.uk/th/products/71/anaerobic-digestion

10

Warame | Biological treatment — compact arrangement

Conventional Wastewater Treatment Plants
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N15UNUATINTNW

walulagnsesnznau (18 Wuneguu) 21,875 aU.u./va.

90,000 aU.L./%4. % 0 seAYaLTYE

3794 200,000 av.4u.

UaNNUIYUN 2 578 105,875 aU.U./BY.
Y VYT i E WE
R i el

n T WA LW R A ! B SR

AW I T \
N i i

|

¥
L
|l

Secondary clarifiers £ 105 000 m3
IOV T T 4 !Fl |
: |

o AR VWA I A 9 AN

s
— ,
al

™ A
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A1SUNIUANINAZNDU

A15I95TUIYUN nsgavdaalngnuaiisewuulildannid 3 x 6,000 au.4l.

funuftedInIw
2 x 3,500 au.4u.

Lﬂ'%aw,amﬂﬁaumm%au

2t lEssd

--.
-

| -

p

= = a
ITUUVINASNDU - LATDINYULAIYN

T ————
Ay B

159~
LSRN

e

- inFasuaniBeunudeu (Heat Exchangers) Ao indesilefilddmiunisaramenuiouveswes
Ivavfenildluvedlvadnatianils Ineiveslvaliidndudemaniu indosaniudsunmdouiy
insesilefiddyegraunnlunsgramnssuuazidueieslofldlusyuuding 4 madmnssuogis
e i lugramnssuinguarldiafesandsuaudeulunsiilisuiuioudunierly
loftoonnvenduliuveunamielfangamoiveituviefing vielugravnssudu 4 wu
gaamnssue 1uly emnsnszdesinnineraufewndoulilmivisuaniudsuanuoudmiu
Wiamseanauieu udu”

- suuianznau (Dewatering) fio msltinelulaBnisinifuninegneudiomdathantannin
nznouluzuiuureseduriuaoslui WunssuiunsiidninduAueonly™

- 13RmyUWABs (Centrifuge) WuiAdosilelduonsogisesvateenainvesudseyniavuinidn
voldifteusnveamaanans 1 vilafifiaruissimesnsiuliinnisuendu Tnserdendnnisissld
ouneanaznawiitu meldaunvesusaismiaudnans usseudureseyniaasdudndau
Taensafuusmilgudnans silfeymausufumesnssifunneineiu aeldanuusmigudnans
ayMAIzANAzNaUsEsaT ISl mstuuenazneu Jededdinaununeiisaiieyniavuin
anazueunumLn kUL b d1u fie dau aznou (pellet) wazdruvaImad”

- wiaaadlsd (Pasteurization) #p nszvrumsiaedeuuaiiBsutsin tagtunswiamedls
wiuldawazanmgiiuandneiu 1wy gamgll bo.c sarwaded Luan mo W7 Y30 o 83N
wadea unm o¢ uit nisldgamndl weznaddiliaunsavhaeuueiiGeiivuleudnvansyia
Jafeafundntusinaneslsdlifgumgiis etestumaniauesdonuafiSoriiadu”
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https://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%96%E0%B9%88%E0%B8%B2%E0%B8%A2%E0%B9%80%E0%B8%97%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%84%E0%B8%AB%E0%B8%A5
https://th.wikipedia.org/wiki/%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%84%E0%B8%AB%E0%B8%A5
https://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%9A%E0%B8%84%E0%B8%97%E0%B8%B5%E0%B9%80%E0%B8%A3%E0%B8%B5%E0%B8%A2
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e | Sludge treatment

Draining tables Thermophilic anaerobic digestion 3 x 6000 m?3

| Biogas holders
2 x 3500 m3

Heat exchangers .
" I‘E:‘:' X ﬁ::],‘ | . =9 J! Pasteurisation
= I 1 ' ‘|'= %S

< g talVe T | g
- | PO o YL 1| VX TR e
e —— - .
]
~ J - D =1 s )
| - | 1
d  — 1 I i
v - o | "usn A
- % 45 7
- E - \ -
- -
' r
|

Dewatering - centrifuges
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STUUNAANAIIUANSBUIIN (STUUTALAULUBLSTU)

'

LASAIYUAAIYTININ 3x1,4 LUNSINGA wualau'mw 3x2,5 WNLINA

NSNANNIYYINIW 1A3a9AR INA11NUNA

25,000 AU.4. 7 0 asAwaldea/gu | 75 Mladni/mie

nanlWAN 56,300 Aladan/Hlue/Su

NARAIINSAYU 78,000 AladInR/YNN/U

ey

- STUUNAANEIUAMNTOUTIN WTasEUUTALLUBLSTY (Coseneration) Ao szuufilinisriie
wasulnihrtenasuna weznsliusglovianndunuanuieuluvuzineiiu lngeidy
HomAaunaniedtu UssAvsnmuassyuunaamdanuaudousiugei co% Weifisusussuunan
Tiihegafenfifivssdnsnn co%" wsan1suanbnilaglindsnuuensuuuu Wi nn viveiey
Saqwideld wagnsuanliingne Lo

-. | Cogeneration

Bnogas engmes 3x1, 4 MW W Gas boilers 3 x2,5 MW

Biogas production Effluent power
25 000 Nm3/d unit 75 kw

56 300 kWh/d electricity
78 000 kWh/d heat
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A1SUNUANAY

A5UNUAYINTW

N13018NYBIINA 215,000 au.4./vd.

Yruna1n1d 593 7,000,000 aU.u./3U m

Buda

| Odour treatment

Biological treatment
215 000 m3/h airflow

Z 7 000 000 m3/d air treatment

wlalae UgEINURY AL
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A1sUUARQeLAd
N15818WVBIBINA
81,000 av.4./v4.

Uaaessurgainid

HzSO4 NaOH‘ NaOH|
pH: 3- NaOClI NaOCI
35 pH:9,5 pH: 10

Chemical treatment
81 000 m3/h airflow

Treated air chimney

pH: 3- NaOCI NaOCI
3.5 pH:9,5 pH: 10

UnIweduiusUuRng druduasunnuduiusseninaiies
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AN5TRVONAKITAS1LUUIIABINITNTDINZNBUIINUTEN SUMO tinarinuuseansawlinu

allapotvaltordk ¥ | i 1 z 3 reakeidsebesség -
i | folyamatok 4. Xy 1T S . o IMLFT-T]
5 : T— ]
1 | novekedés (_l_) -7 == TR WHXB
2 | pusztulas (D) =1 Ch= i
= T
atalakulasi sebesség ) n= Z = Z."” P |
4
\J
ey 5 w5
3= BE b= =2
=] &8 B &
§e £5 £
= E ®E == |

O D

A 5

T 1
5= [-F‘Hmaxmxsl T [(0— _F'F‘muxmxa

B ——oigly —t
R

N3ITUIUNIT

siest | SUMO activated sludge modelling software had been purchased

Waterworks

to‘fagilitate the optimization of the processes
: nOvekedés S (x‘b _"‘1/ _ISD;V “_: [:":irs 27;
2| pusztulés [ i A R <TT
dtalakuldsi sobesség '. i n =Z’“ =Z"-"’-f (J
8= £= # = 'no'

1 S 1 s
Ty [_?"-‘maxmxﬂl T [(0— _?'ﬂmumxﬂ

" PROCESS MODELING

wlalae UgEINURY AL

UnImAduRusURURNT diudaaiunnuduiussznitado



17

. wunUHunnsurdaude (Settlements Sewage Operations Department)
anuiilasfuineanuiuniissveny " m
de1yl

WALIDIVENY: WIBUATULEVAULIADDNNIINDTIUATDNWAINTIS WUN
psatuaINNsaneINduaEiasusne (conurbation) ¥SaaALMI

@ WWTP in Agglomeration

‘ Network in Agglomeration

uAs (megalopolis) 1a*
o msthiiminde: we.clen aun/Su (5 Tss)
o punnwasiiivdesoen: Wulupudedsdu
® |A3pve:
- 827 564 m
- o amilguihide (lifting stations)
- anflguihidsmssnsrnadn deo wis @anauti ¢ - o

LAg)
a g = 1
- anfguindunelulssne e,oc Ui
® MsWause: Ussaal mo,000 9
o Jymmsldanussuunrangmune
o  Jymielu
®  LAUNISHAIUT

®  NNSIANITAUNTNE

wlalae UgEINURY AL
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https://th.wikipedia.org/w/index.php?title=%E0%B9%80%E0%B8%82%E0%B8%95%E0%B9%80%E0%B8%A1%E0%B8%B7%E0%B8%AD%E0%B8%87%E0%B8%82%E0%B8%A2%E0%B8%B2%E0%B8%A2&action=edit&redlink=1
https://th.wikipedia.org/w/index.php?title=%E0%B8%AD%E0%B8%A0%E0%B8%B4%E0%B8%A1%E0%B8%AB%E0%B8%B2%E0%B8%99%E0%B8%84%E0%B8%A3&action=edit&redlink=1
https://th.wikipedia.org/w/index.php?title=%E0%B8%AD%E0%B8%A0%E0%B8%B4%E0%B8%A1%E0%B8%AB%E0%B8%B2%E0%B8%99%E0%B8%84%E0%B8%A3&action=edit&redlink=1

18

wee | ntroduction to conurbation

+ Wastewater treatment: 22.827 m3/day (6 plants)
* Outlet water quality: in line with regulations
* Network:
o 827564 m,
o 143 lifting stations,
o 510 small public lifting stations (5-6 properties),
O

@ WWTP in Agglomeration

‘ Network in Agglomeration

1049 domestic lifting stations
* Connections: ~30,000 pcs
* lllegal system usage
* Rainwater problems
* Development plan
* Asset management

wlalae UgEINURY AL
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A153ANISUIEY (IS22UTAYLATDINUAIULALNABINIEAIN)

e A

» as2daUNINi1vesiuiligndesuy

| 1
LA3DVY

« NMsdasnuivanluaaunisallunn

Rainwater management (inspection by smoke generation
and camera)

Budapest
Waterworks

lllegal rainwater inlet
inspection on the network

Preventing the flood in rainy
situation.

wlalne u1gaIfiudiv inual
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N1SASIVEDULASDVUNY
AANTIU:

o SudunisaevaiuUTinawulugglulingd beew

o dAnwdgmiluvugtududuusn (dles Szigetszentmiklos, Wies Biatorbagy, 1ies
Szazhalombatta, Lioe Dunabogdany)

e msUaswidyaanannAiatiewaznissuniszanniuluessuulelasanvelssnuiiunti
deonansyaUaniugiaaandunn

NANAIANI:
® AnRUIUNSUABYUNLEYNNLATDUNY

¢ annszinsadlalasinvedssnudidaundenanaynnas

===_| Network investigation

Activity:
+ Starting the investigation of rainwater intakes in
spring 2014

» Primarily the study of recurrent problems
(Szigetszentmiklos, Biatorbagy, Szazhalombatta,
Dunabogdany)

+ Wastewater discharges from the network and
hydraulic overloads of WWTPs during rainy
periods

Results expected:

» Decrease in the number of wastewater discharges
from the network

» Balancing the hydraulic load of the WWTPs

wUalng WaNIRURT LHnwe
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N1SAIVEDULATDVIY - NTTUIUNIT

®  pUnsalaseAIuUTEN SEWATEX a13n30fnnsuuainsiadulunansisae vsevieseutgtiivune

Tugle (AnUsENALNUNAULINEY)
o nsldvesvainaniuned (wWidaymelslauniu)

®  LHNAIINTANNTIINY MTUANFBY N3TUEY N150UdlR

w==_ | Network investigation - Method

« SEWATEX smoke generating equipment, possible installation on public field
inspection shaft, Superior wastewater sewer smoke fluid (notification of fire
department...)

» Using liquids mixed by colorants (more developed user solutions...)

* Documentation of detected cases, notification, verification, sanction

wlalae UgEINURY AL
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o. USEN Budapest Municipal Habitation Cleaning and Environment Protection Ltd.
NANTTUVDIUTEN IULATALITNVBAIIATBUARULNDUYNAUYBIRAIMN TSN AT UL

nsuntesdaninaay
®  NNSYUAININALNOUULAY

e fanssutesnuuany

nsvinAuiagandevaameauiaiiio
® nsvuANIIFY

® MsIANTvezyaiey

ausudieluitud

® n1stngvenAIINs

o msWRLNsTUUYUdsiEY
®  NNSUINITETITOUY
[ J

TiaUsnwnaziuzidtuwmislunsundgmnisaudedde

... | Budapest Municipal Habitation Cleaning and Environment
e T Protection Ltd.

The activities of our member companies cover
almost the entire scope of water industry.

Environment protection

+ Wastewater sludge transportation

Wastewater transport

+ Pollution prevention activity

Municipal habitation cleaning Areas of cooperation

* Wastewater transport * Knowledge transfer

+Solid waste handling + Development of wastewater transportation
» Public services

+ Consultancy and concept guidance for wastewater
transportation solutions

" Pre-Anoxic: https://www.slideshare.net/katenv3/ww-desien

wlalae UgEINURY AL
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https://www.slideshare.net/katenv3/ww-design
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i Anaerobic:
https://www.moderntreat.com/content/9769/%E0%B8%A3%E0%B8%B0%E0%B8%IA%EN%B8Y%IA%E0%B8%IAKEN%BE%B3
%E0%B8%9A%E0%B8%B1%E0%B8%94%E0%B8%99%E0%B9%89%E0%B8%B3%E0%BI%80%E0%B8%AA%EN%B8%B5%E0%
B8%A29%E0%B9%81%E0%B8%9A%E0%B8%IA%EN%BI%84%E0%B8%AL%EN%B9%88%E0%BI%83%E0%B8%8A%EN%BI%89
%E0%B8%ADY%E0%B8%ADY%E0%B8%81%E0%B8%8B%E0%B8%BA%EN%BI%80%E0%B8%88%E0%B8%99

il Anaerobic: https://organics.co.uk/th/products/41/anaerobic-
digestion#:~:text=%E0%B8%81%E0%B8%A3%E0%B8%BO%E0%B8%IA%KEN%BE%WATIE0%BE%I9%EN0%BE%81%E0%BE%B2%
E0%B8%A3%E0%B8%A2%E0%B9%88%E0%B8%AD%E0%B8%A2%E0%B8%AAEN0%BE8%A5%E0%B8%B2%E0%B8%A2%E0%B
9%81%E0%B8%IA%EN%B8%IA%EQ%BI%84%E0%B8%A3%E0%BI%89%E0%B8%AD%EN%B8%B2%E0%B8%81%E0%B8%B2
%E0%B8%A8%20(Anaerobic%20digestion)%20%E0%B9%80%E0%B8%81%E0%B8%B5%E0%B9%88%E0%B8%A2%E0%BEWAT
%EQ0%B8%82%E0%B9%89%E0%B8%AD%EN0%B8%87%E0%B8%81%E0%B8%B1%E0%B8%9A,%E0%B8%84%E0%B8%AT%E0%
B8%B2%E0%B8%A1%E0%B8%A3%E0%B9%89%E0%B8%ADY%E0%B8%99%E0%BI%81%E0%B8%A5%E0%B8%B0%2F%EQ%B38
%AB%E0%B8%A3%E0%B8%B7%E0%B8%ADY%EN%B9%84%E0%B8%IF%E0%B8%IFWEN%BI%EI%E0%BE%B2

v Aerobic: http.//www.sri.cmu.ac.th/~srilocal/water/page 0de.htm

V' Aerobic Pond: https://www.moderntreat.com/aboutus

Vi Anixic: https://th.grundfos.com/service-support/encyclopedia-
search/anoxic.html#:~:text=Anoxic%20%E0%B8%84%E0%B8%B7%E0%B8%AD%20%E0%B8%AA%E0%B8%B3%E0%B8%AB%
E0%B8%A3%E0%B8%B1%E0%B8%IA%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%IA%EN%BE%B3%E0%B8%IA%EN%BS
%B1%E0%B8%94,%E0%B8%97%E0%B8%B5%E0%BI%88%E09%BI%84%E0%B8%A1%E0%BI%88%E0%B8%A1%E0%B8%B5%
E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%BA%E0%BI%B0%E0%B8%E8%EN%B8%I9%20(Anoxic%20Condi
tions)

Vi |pRpauaniUdsuanadou: http://www.completesengineering.com/style/article_heat%20xechangerl.pdf /
https://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%B7%E0%BI%88%E0%B8%ADYE0%BE%87%EO
%B9%81%E0%B8%A5%E0%B8%81%E0%B9%80%E0%B8%IB%E0%B8%AS%E0%B8%B5%E0%BI%88%E0%B8%A2%E0%B8%
999%E0%B8%84%E0%B8%AT %E0%B8%B2%E0%B8%A1%E0%B8%A3%E0%BI%89%E0%B8%AD%E0%B8%99

Vil syyUUIARENBU:
https://www.tencategeo.asia/th/solutions/overview/GlSJ/%EQ0%B8%A3%E0%B8%B0%EN0%B8%IA%E0%BE%IA%E0%BE%A3%
E0%B8%94%E0%B8%95%E0%B8%B0%E0%B8%81%E0%B8%AD%E0%B8%99-Dewatering

* ASEUIUNNTIANITUNEIUAY: http//www.foodnetworksolution.com/wiki/word/4812/dewatering-

%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%81%E0%B8%B3%E0%B8%88%E0%B8%B1%E0%B8%94%E0%B8%99%E0%B

9%89%E0%B8%B3 / http://www.uba.co.th/index.php/easyblog/entry/sludge-treatment.html

x Lﬂ%aﬁﬂﬁ{ulm%ﬁx‘i:
https://www.playsotec.com/17392364/%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B
8%87%E0%B8%AB%E0%B8%A1%E0%B8%B8%E0%B8%99%E0%BI%80%E0%B8%AB%E0%B8%AT%E0%B8%B5%E0%B9%88
%E09%B8%A2%E0%B8%87-centrifuge-
9%E0%B8%84%E0%B8%B7%E0%B8%AD%E0%BE%AD%E0%B8%B0%E0%B9%84%E0%B8%A3-
#:~:text=%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%B7%E0%BI%88%E0%BE%AD%EN%B8%87%E0%BE%ABY%EN%B8%
A1%E0%B8%B8%E0%B8%99%E0%B9%80%E0%B8%AB%E0%B8%A7%E0%B8%B5%E0%B9%88%E0%B8%A2%E0%B8%87%20
(9%E09%B8%AD%E0%B8%B1%E0%B8%87%E0%B8%81%E0%B8%A4%E0%B8%A9%3A%20centrifuge, %E0%BB%AA%EN0%BB%B1
9%E0%B8%94%E0%B8%AA%E0%BI%88%E0%B8%AT%E0%B8%99%E0%BI%82%E0%B8%94%E0%B8%A2%E0%B8%I5%E0%
B8%A3%E0%B8%87%E0%B8%81%E0%B8%B1%E0%B8%IA%E0%BI%81%E0%B8%A3%E0%B8%87%E0%B8%ABY%E0%B8%99
9%E0%B8%B5%E0%B8%A8%E0%B8%BI%E0%B8%99%E0%BE%A2%E0%BI%EC%E0%BE%E1%E0%B8%A5%E0%B8%B2%E0%
B8%87%20%E0%B8%97%E0%B8%B3%E0%B9%83%E0%B8%ABY%E0%B9%89
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https://www.moderntreat.com/content/9769/%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%9A%E0%B8%9A%E0%B8%B3%E0%B8%9A%E0%B8%B1%E0%B8%94%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B9%84%E0%B8%A1%E0%B9%88%E0%B9%83%E0%B8%8A%E0%B9%89%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99
https://www.moderntreat.com/content/9769/%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%9A%E0%B8%9A%E0%B8%B3%E0%B8%9A%E0%B8%B1%E0%B8%94%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B9%84%E0%B8%A1%E0%B9%88%E0%B9%83%E0%B8%8A%E0%B9%89%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99
https://www.moderntreat.com/content/9769/%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%9A%E0%B8%9A%E0%B8%B3%E0%B8%9A%E0%B8%B1%E0%B8%94%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B9%84%E0%B8%A1%E0%B9%88%E0%B9%83%E0%B8%8A%E0%B9%89%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99
https://www.moderntreat.com/content/9769/%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%9A%E0%B8%9A%E0%B8%B3%E0%B8%9A%E0%B8%B1%E0%B8%94%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B9%84%E0%B8%A1%E0%B9%88%E0%B9%83%E0%B8%8A%E0%B9%89%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99
https://organics.co.uk/th/products/41/anaerobic-digestion#:~:text=%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%A7%E0%B8%99%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%A2%E0%B9%88%E0%B8%AD%E0%B8%A2%E0%B8%AA%E0%B8%A5%E0%B8%B2%E0%B8%A2%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B9%84%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%
https://organics.co.uk/th/products/41/anaerobic-digestion#:~:text=%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%A7%E0%B8%99%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%A2%E0%B9%88%E0%B8%AD%E0%B8%A2%E0%B8%AA%E0%B8%A5%E0%B8%B2%E0%B8%A2%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B9%84%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%
https://organics.co.uk/th/products/41/anaerobic-digestion#:~:text=%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%A7%E0%B8%99%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%A2%E0%B9%88%E0%B8%AD%E0%B8%A2%E0%B8%AA%E0%B8%A5%E0%B8%B2%E0%B8%A2%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B9%84%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%
https://organics.co.uk/th/products/41/anaerobic-digestion#:~:text=%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%A7%E0%B8%99%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%A2%E0%B9%88%E0%B8%AD%E0%B8%A2%E0%B8%AA%E0%B8%A5%E0%B8%B2%E0%B8%A2%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B9%84%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%
https://organics.co.uk/th/products/41/anaerobic-digestion#:~:text=%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%A7%E0%B8%99%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%A2%E0%B9%88%E0%B8%AD%E0%B8%A2%E0%B8%AA%E0%B8%A5%E0%B8%B2%E0%B8%A2%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B9%84%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%
https://organics.co.uk/th/products/41/anaerobic-digestion#:~:text=%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%A7%E0%B8%99%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%A2%E0%B9%88%E0%B8%AD%E0%B8%A2%E0%B8%AA%E0%B8%A5%E0%B8%B2%E0%B8%A2%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B9%84%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%
https://organics.co.uk/th/products/41/anaerobic-digestion#:~:text=%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%A7%E0%B8%99%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%A2%E0%B9%88%E0%B8%AD%E0%B8%A2%E0%B8%AA%E0%B8%A5%E0%B8%B2%E0%B8%A2%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B9%84%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%
https://organics.co.uk/th/products/41/anaerobic-digestion#:~:text=%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%A7%E0%B8%99%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%A2%E0%B9%88%E0%B8%AD%E0%B8%A2%E0%B8%AA%E0%B8%A5%E0%B8%B2%E0%B8%A2%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B9%84%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%
http://www.sri.cmu.ac.th/~srilocal/water/page_04e.htm
https://www.moderntreat.com/aboutus
https://th.grundfos.com/service-support/encyclopedia-search/anoxic.html#:~:text=Anoxic%20%E0%B8%84%E0%B8%B7%E0%B8%AD%20%E0%B8%AA%E0%B8%B3%E0%B8%AB%E0%B8%A3%E0%B8%B1%E0%B8%9A%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%9A%E0%B8%B3%E0%B8%9A%E0%B8%B1%E0%B8%94,%E0%B8%97%E0%B8%B5%E0%B9%88%E0%B9%84%E0%B8%A1%E0%B9%88%E0%B8%A1%E0%B8%B5%E0%B8%AD
https://th.grundfos.com/service-support/encyclopedia-search/anoxic.html#:~:text=Anoxic%20%E0%B8%84%E0%B8%B7%E0%B8%AD%20%E0%B8%AA%E0%B8%B3%E0%B8%AB%E0%B8%A3%E0%B8%B1%E0%B8%9A%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%9A%E0%B8%B3%E0%B8%9A%E0%B8%B1%E0%B8%94,%E0%B8%97%E0%B8%B5%E0%B9%88%E0%B9%84%E0%B8%A1%E0%B9%88%E0%B8%A1%E0%B8%B5%E0%B8%AD
https://th.grundfos.com/service-support/encyclopedia-search/anoxic.html#:~:text=Anoxic%20%E0%B8%84%E0%B8%B7%E0%B8%AD%20%E0%B8%AA%E0%B8%B3%E0%B8%AB%E0%B8%A3%E0%B8%B1%E0%B8%9A%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%9A%E0%B8%B3%E0%B8%9A%E0%B8%B1%E0%B8%94,%E0%B8%97%E0%B8%B5%E0%B9%88%E0%B9%84%E0%B8%A1%E0%B9%88%E0%B8%A1%E0%B8%B5%E0%B8%AD
https://th.grundfos.com/service-support/encyclopedia-search/anoxic.html#:~:text=Anoxic%20%E0%B8%84%E0%B8%B7%E0%B8%AD%20%E0%B8%AA%E0%B8%B3%E0%B8%AB%E0%B8%A3%E0%B8%B1%E0%B8%9A%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%9A%E0%B8%B3%E0%B8%9A%E0%B8%B1%E0%B8%94,%E0%B8%97%E0%B8%B5%E0%B9%88%E0%B9%84%E0%B8%A1%E0%B9%88%E0%B8%A1%E0%B8%B5%E0%B8%AD
https://th.grundfos.com/service-support/encyclopedia-search/anoxic.html#:~:text=Anoxic%20%E0%B8%84%E0%B8%B7%E0%B8%AD%20%E0%B8%AA%E0%B8%B3%E0%B8%AB%E0%B8%A3%E0%B8%B1%E0%B8%9A%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%9A%E0%B8%B3%E0%B8%9A%E0%B8%B1%E0%B8%94,%E0%B8%97%E0%B8%B5%E0%B9%88%E0%B9%84%E0%B8%A1%E0%B9%88%E0%B8%A1%E0%B8%B5%E0%B8%AD
https://th.grundfos.com/service-support/encyclopedia-search/anoxic.html#:~:text=Anoxic%20%E0%B8%84%E0%B8%B7%E0%B8%AD%20%E0%B8%AA%E0%B8%B3%E0%B8%AB%E0%B8%A3%E0%B8%B1%E0%B8%9A%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%9A%E0%B8%B3%E0%B8%9A%E0%B8%B1%E0%B8%94,%E0%B8%97%E0%B8%B5%E0%B9%88%E0%B9%84%E0%B8%A1%E0%B9%88%E0%B8%A1%E0%B8%B5%E0%B8%AD
http://www.completesengineering.com/style/article_heat%20xechanger1.pdf
https://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%87%E0%B9%81%E0%B8%A5%E0%B8%81%E0%B9%80%E0%B8%9B%E0%B8%A5%E0%B8%B5%E0%B9%88%E0%B8%A2%E0%B8%99%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%87%E0%B9%81%E0%B8%A5%E0%B8%81%E0%B9%80%E0%B8%9B%E0%B8%A5%E0%B8%B5%E0%B9%88%E0%B8%A2%E0%B8%99%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%87%E0%B9%81%E0%B8%A5%E0%B8%81%E0%B9%80%E0%B8%9B%E0%B8%A5%E0%B8%B5%E0%B9%88%E0%B8%A2%E0%B8%99%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%99
https://www.tencategeo.asia/th/solutions/overview/GlSJ/%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%9A%E0%B8%A3%E0%B8%94%E0%B8%95%E0%B8%B0%E0%B8%81%E0%B8%AD%E0%B8%99-Dewatering
https://www.tencategeo.asia/th/solutions/overview/GlSJ/%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%9A%E0%B8%A3%E0%B8%94%E0%B8%95%E0%B8%B0%E0%B8%81%E0%B8%AD%E0%B8%99-Dewatering
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