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DESIGN OF STANDARD DRAWING FOR WASTEWATER TREATMENT
AND RENEWABLE ENERGY RECOVERY SYSTEM FOR CATTLE FARM
AND THE ECONOMIC FEASIBILITY STUDY

Somchai Dararat, Nuttawoot Bunliam, Taweesak Homdokmi,
Sopol Boonmdn, Annop Chatamra, Pattacharee Jaiaun and
Kannitha Krongthamchart,

ABSTRACT

The performance of waste management system was evaluated to determine its
potential in producing energy and reducing environmental pollution problems. The
project involving a series of laboratory studies on anaerobic digestion was observed
that ambient temperature digestion of dairy manure was possible at organic loading
rates (OLR) as high as 6.0 kg/m*-d and hydraulic retention time (HRT) as short as 6
days. Increasing of OLR from 6.5 to 10.0 kg VS/m®-d increased the biogas
production rate but decreased the biogas yield and treatment efficiency. At an OLR of
6.0 kg/m®-d, biogas production rates as high as 5.16 m*/m°-d. The stability of
anaerobic digestion was entirely not affected by changes in temperature, high OLR
and concentration, or short HRT.

A 100-year life -cycle greenhouse gas analysis showed that waste management
system with anaerobic digesters were capable of reducing global warming, potentially
by about 80% on the basis of this project diary. Farmers should be encouraged to
introduce anaerobic digester into waste management system not only for energy
production but also for reducing global warming.
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2. QuUYi
1] a @ Aaan I v o w o o
seavgungilunulgnseuuiliedrdglumsmruaaussougmsiiauves
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Qu = FrAp [S-UL(Tfin—-Tamb) - 2)

Tas  Fr = m Cpw [ 1 —exp ( Ap ULF ) ] ---------- 3)
Ap UL m Cpw
Tfout = FrAp(S-UL(Tfin-Tamb) = -------m-- 4)
m Cpw
Tfin = Tfout + (Tr- Tfout) (1 —¢ [ -UA ] ) - %)
m Cpw

Qu = useful heat gain rate from the collector

S = Hourly incident solar flux absorbed in the absorber plate

Fr = the collector heat — removal factor

Ap = Absorber plate area

UL = Overall losses coefficient from the collector

Tfin = Water inlet temperature to the solar collector
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Tamb = Ambient temperature
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Cpw = specific heat of power

Tr = Operation temperature of the reactor

U = Overall heat transfer coefficient of the reactor heat exchanger
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rnssudanadey 22 muesenls vaa USuas 1,000 va. azareiuFedunsiey,
9 Y o v oA 9 o oy a2 W 4 [ 9 (%)
NTBIAYASUNTINOIVY) , HaNhyadaINnIoaINaun Ui uTeduns1ZH, WuAI8NY CO,
[ 1 a [ 4 a .
uaz N, lusasidiu 30:70, Yarhvae, n2ud2e Magnetic Stirrer 1du 1o 1dqaun3dil
YTuanieanedmsuauiumInaasd, Tagiday acetic acid NN Juaz 1 va. , lunsnaasy

qﬂjl dy 9 dy a ~ o Y]
mmhnmmmmﬂﬂuﬁ;auma 30 .

= Z =
MIAIBNUUTE

4 Y
= (4

gl A A X ~A o SR A o ~
ugen 1 lunmsnaaeatiidluindedunsizy ¥ala1ulsznouanI31an 9.
YUADUNITNAADY
o tﬂy a ada dy 9 1 [
1. duregaunsdimiz@es]d lalu v Serum bottle Y119 120 wa. Insuaazan

a

o I ¥ Yy 9 = 1 [
mynaassdiuInli laanududugaunidluuaazuiaminy 1,000 un. /a.
a . 09} A o J 1 I ¥
2. 133 Basal Media (tudsdunsizn) luuaazuianisnaass 1414 50 va.
[ [ (] I a A Y
3. WU CO, tag N, Tudasidiu 30% : 70% Wunar 1 wimelrangly
I a A a
¥ serum bottle 1Wunu1Foongou 3. Yachvraliaiin,
A ~ ~ A o ) A A ]
4. 1@uUAATENID NG (CaHac) NTzAUANUANIY 7,500 un./a. 3. tnanaiidon1d
S 4 :j " A H
CaHac 11U carbon source 11194910 CaHac natazatoii v linelinailyninig wasumlas
I
Y94 pH 1UAAILAY.
- J , Yo a o o )
5. wsemirzdayadoslaeldons1n1519091920% waz 50% sawnaihrzdeya
tloei lulinsvea.
v o @ Vo Y S o Ay Y
6. damamniusunnmavznua lasldginsaiiama (Gas Meter) M ldaz
{ I J A ) a .
waswilusmsoninsngnldly, vagihwudrauns Monod Tasldimatin Non - lincar
4 " W a a( 4 %
weight least squares tNoMIAIdNY sz ANToaUNamans (Kinetic Coefficients) , ¥ 1unsfAnuN
09.:’ dy [ a Q( o 1 [
AseflazmAduilseansraunamans (Kinetic Coefficients) 2 A1 JALA AIANUTUTUVD

mimvmﬁﬂ?awﬁweﬂﬁﬁﬁwﬂwﬁLﬁm@ﬁJquqqa (Half velocity constant (kgCOD / m ") ;
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a

£
- a v ' o o 4 .
Ks) LlagﬂWfJﬂﬁ111\1?!@611!ﬂ"l'iﬂu@"mﬁﬂﬂﬁu’)ﬂu'lﬁ‘IJﬂEU?Nﬁ]a‘LWGfJ (Maximum rate of substrate

oy . . . . . -1
utilization per unit mass of microorganism (time );k).

=2 :ll dy Y . A ) @ a 1
7. MANEIASTIH 1 Integrated Monod Equation (WN15N 2) GRVESTSIEETITITR!
a P a
bacteria transformation rate coefficients. Stratton (1966) Vlig’l}!,ﬁ UDFAUNITAUAAITNT ﬁi%}ﬂﬁﬂw
N3998aA 1981501115 1UD9UYNT 01U batch, Tasaumsnenain Idsmaumsdosdais

a a a 4 [ = a 1 1
71391115999 Monod Ll'ﬁgﬁllfnifni!fl]ﬁml@lﬂiﬁﬂl@ﬂﬂﬂuﬂ?m%}Wﬁ}'}ﬂﬂu TQUNETMIJ@@WH'N 1

1 o @ 1

@ ll % a ~ J Al w
Gl'ﬂfﬂﬁEI’E]ﬂﬁﬁ18@]’)£@QGUENi]‘ﬂu‘1/]‘3EJHIJJMﬂ1uﬁlﬁ1ﬂﬂlu"llﬂx‘1ﬂTiEJfJEJE‘TﬂWLL“]J‘U short term batch,

9

ST

e

~dS _ k#*S#[Xo+Y *(So-S)]
dt (Ks+9)

AUUUMS Differential auNI5N 1

tzé(L*ln(XOJrY*So—Y*St)J+%[ Ks *lr{st*xo}(%*ln(xo)ﬂ --------- @)

Xo+Y *#So Xo+Y *So So

Tag t = time after initiation of experiment

S, = initial substrate concentration (mg/1)

S, = Substrate concentration at time t (mg/1)
X, = initial concentration at time t (mg/1)
Y

= yield coefficient

8. f1yield coefficient (Y) ¥oulPnsenmsdesaatsuo®ing gnany1lng McCarty
(1971), ldimatin  stoichiometric Mag thermodynamic 1uﬁ@ﬂﬁﬁ?mu‘uu batch fed reactor

M1519% 2 @5310A1 yield coefficient NA1UIM 1AINMIANBIUDI McCarty (1971) . Montgomery

'
aaan ~ a

(1983) 18fANH yield coefficient TUBIUHAToMU batch Ngmuini 25 “x. TaslHinaiinnisia

QU

A1 C", FINUIIA acetate  yield MIAU 0.035 WN. 1@/ U, acetate azia lndiReanuai

9
VY

° ] A = 2 A 9 .
ﬂ’]u')ﬂ!llﬂ 0.034 WN. LFA/UN. acetate (M1TINN 10), ANUU 1Uﬂ1§ﬁﬂﬂ1u Laﬂﬂalsb'ﬂ'] yleld

a

coefficient 0.0356 Az 0.0363 NYWHYI 30 1AL 35 ¥, AIWEIAL.

U

9 E4
9. MINAABIATINIZAIUAY pH 881U 6.9-7.2.
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d' U : a2 v d
M1319N 9. muﬂﬁznaummmmﬂmmﬂw

CONSTITUTES CONCENTRATION, mg/l
AICL(H,0), 0.50
H,BO, 0.50
KI 10.00
CuCl,(H,0), 0.50
MnCL,(H,0), 10.00
Na,MoO,(H,0), 0.50
Na,SeO, 0.50
NH,VO, 0.50
NaWO,(H,0), 0.50
FeCL(H,0), 40.00
CoCL(H,0), 10.00
NiCL(H,0), 0.50
ZnCl, 0.50
NH,CI 1200.00
(NH,),HPO, 80.00
(NaPO, ), 10.00
Na,S(H,0), 300.00
KCl 400.00
CaCl(H,0), 748.10
MgSO,(H,0), 405.28
Cysteine 10.00
NaHCO, 6000.00

M13197 10. M Yield coefficients Niuaandlaluyr9gamigi

a

U

Yield (N0, 150/UN. acetate)

0.0363
0.0356
0.0346
0.0338

0.0333

fA1: Montgomery (1983)
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U aan 1 4‘
3.2 ms‘nﬂamam‘umﬂgnimﬂamm
o a d o Aa Aaa a
1. mﬂgﬂim Anaerobic baffled reactor M19INWAIAANDEATAN 1AVYUIA 38.0 ANT
= =) 1 o aan a = U ti'
nlsmasauinlgnse 34.5 ans azveanagli s.
A d Ay . A v %
2. 19509g I TN TZ VUL Metering pump FialSudasIMgula.
A [V a 24 @ A A o I 1 A A A 9 9
3. w3eedalsuiasme  (@egUn 6) Nanvuzitlunasamvasunui, N9 17
EFUANATEND 31 LEUANAT, BN 15 EUANAT, KIINLHUBZASANNAIEAN (acrylic plastic) .
. - - < \ y . e a v d
319U 2 59, Melunaeauiivesmily 2 @1 Uszneuale dIUATY (Drum) NKHTNABYAN
(2 ~ [ ] 1 Y] dy A o I [ A = A 1 a 3
mangnilaseriumne, asulzldnyuzilundesmrasuniudunaiaaniuluuuinuesayw,
HazaIMIATY (Counter) NUAAITIUIUMINANVOIATY, HHENMTIMNUE 1Hied 2 U
Y Yo a4 o o
1aun mslgmaununtiazusduusams.

Y v
4. daihauvna lidinan 20 aagsuau 2 64,

ad
IHMI
a d o da' 9 a A J :’ A Aq Y
1. 'Jlﬂﬁ1$ﬂﬁﬂ‘]&lﬂ!$L'UfNﬁu"UfJ\WI$ﬂﬂuﬂﬁu‘ﬂﬁﬂuﬂ$unﬁﬂ‘ﬂ16}5@l$ﬂ@uﬁﬂ (seed) 91N
a va a 2 o a 4 1
ﬁ@ﬂﬂaﬂﬁﬂWiﬂﬁﬁﬂﬁiNﬁ\‘llmﬂgﬂil, 7. NMNMTAUATICH AT SS HagVSS .

= 3‘ A A E) 3 a 9 Y c’d? A A A
2. m3611114%?{811/116151%1314%@@14@ 2 GI)”L!ﬂhlﬂmﬂﬂﬁﬁﬂlﬂi?z‘lﬁﬂluiﬂ‘c’mlﬁmﬁﬂu £

Y

o A A 9 A1 A = A Aa o T A =~ =) a
Hudgenyedrwyaros Uaxlen 40,400 ¥aanNIUNDANT wazdlod 35,875 Ua./a97.

U

a

A Y o w tﬂy S Jd o w g‘ =
3. SUAUTSUU (start up) IﬂﬂuWﬁ?!sﬁﬂzﬂauﬂﬁﬂ (Seed) NNTTUVLNUAU UYL

Q

= Y a wvAa a Q‘ 9 1 [ Aaaa o‘/ )
‘Ql’ﬂL’E)ﬁ‘U"’U’E)\‘I‘Vi’ENﬂQUﬂﬂWﬁ’)ﬂ’JﬂiﬁNﬁ\uL’JﬂﬁﬂM, ’33.MWiﬁiuﬂﬂﬂaﬂifﬂ‘ﬂuﬂig‘ﬂ\ihﬂiu'lﬂl
Yy 9 @ dy 1w A a o 1A
AIMUAVNVUUDIN UBDININU 15,000 HAANTUADAANT.

a 4 S = o a v Hq v
4. mmmmamwaaﬂﬂ mﬂuumﬂaﬂqqummwzmmﬂaN%Mﬂumsmam

Y A

a a [ 1 a [ 'o 1<} v gl
Whgszuy @M@ Ted 10,000 Jaansuaednas) ludasimsguimldszeznannuinveai

U

v
' o [ % S

@ONIND 6 1 AUNTLNITZUUTIADYTAIN.
= a A o w A = a =\ = 9Y K o
5. Anp1UTEANTNINNTINTAT IoAUITLUY IAUTLUVIUTIADITAINUAIVININT
= Yy 9 =\ = 3} = I A a o =Y
WasuaNUINTUVDIT Toaveaiudelly 15,000, 25,000 1ag 40,400 Haansuneans
Y Y v Y
awday, msanluduaeuil wwmuanuduiaeiutindevesiadinw.
1 3} = Y ~Aq Y 9 1 A 1oA =
6. foeq quinderzdrayadesilylunmsnaaoudigszuy  (UA1%ToA 4,000
a a o 1A [ i o < Y] g‘ Y ] o
Haansuaedns) lusasimsguinihlnszeznandudnveuindemiiny 6 Tu aunszneszuy
= ~
HanesnIn.

a A o w 4] @ a
7. ﬁﬂ‘HWﬂigﬁﬂ‘ﬁﬂWWﬂWiUWUﬂ COD Y995 UUMFFINMNHAININAUTZUL.
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[

—&

ABE reactor
dudowinde
wivialHname T
f1haon
i
iamshia
e ¥ =5 By
- R ) -d
_‘_"I ﬁ?r;::_-_-_ —-= = = — - —: _E
% .
Tl & || " I
A ! p T| I ; o i | S
! | | | | [ Hi— &
1 | | | | Ll
I3 | ! I 4
| | L | h l | | | T
- —— - ! 24
k2 | IO | i i h% ! :
[ | I | 125
. Ay iy iyl | P
o 2 ! 2 :;’ a2 |
! | e ll e i "
LS S A | S | l — 4 F
" llaas llaes et 8.5 ] fel g
a—15 —2id 15 —pld— 5 prig— 15—
o . B2 — - 94'

FAGHT WIEW

ﬁiﬂj:{jﬂ iﬂi Anaerobic Baffled reactor

51 5. Famslnanazdalfinsal Anaerobic baffled reactor.
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Examination of Water and Wastewater (1 8"ed. 1992) T8 American Water Work ~ Assosiation

510 6. w30 ¥afSanasaFan .

Y
v 1 (%

8. mﬁmﬁwﬁu AIBYNTNHUAA

2 A a P Y a d ~
FIUN5 AT NADIAATIEH Awtaaslua1zien 11.

WHUMINVITUINTFIUYDY Standard Method for

1 a Jd 'Q d H a d o
M9 11 Wndimesniag imzruazanudlumsdmigvidedislunmsnaaos.

MNA03 Huin meehaluunazyed 1een
pH N N N
o 2 o 2 o 2
COD 3 U/n59 33U/A5e 33U/A5e
Usinasmas N N N
& M & & & H
BOD 1Wunsensn 1Wuasaasn 1Wuasaasn
& M & M & M
SS Wuasensn WuAsInsN WuAsIns N
& o & o & o
VSS Wunsensn WuA5IAT N WuAsIns N
& o & o & o
Total Alkalinity Wuasensn WuAsIATN WuAsIATN
& H & & & &
VFA Wunsansn Wuasaasn 1Wuasaasn

50



3.3 HHININUUD

Qg)/ am a J Y
TUABULAZITNS IUMTAATIEH VDA

9y g} A A o w
u VBYANUMWUUTINFHIUNTUIUA

" doyadnzmsAuIzU

A3

" Joyamineaina

™ Y ' Y a
Yoyamldarglumsiauszuy

" Joyayanwanaosldveslngams
a o

" M19UAIIEHLUUY Greenhouse Gas Life Cycle Analysis
a 4

" N15AIICH Energy Balance Analysis

a J
B 01959A51$4 Financial Costs and benefits

3.3.1 mﬁﬁnm Financial Costs and Benefits
9/0 a \ a a c’Q’
MIANEHANTUM TN s UA NN AT UATHTAEAS TGO NUBITE UL
v o o v s s = . 4
m3snsuuazidamesarsven laeen lyd Tasmaluladuyy methanogenesis, FIUUIN

= 4 @ a J A
fniﬁﬂ‘bﬂLL'ﬁ%ﬂﬁL{ﬂ‘iﬁliJﬂﬁﬁﬂ‘HHﬁ@i@\‘]iUfﬂﬁ’)!ﬂﬂ%ﬁ‘WﬁﬂWﬂTﬂix‘lﬂTﬁ“ﬂ 1 e 2.

3.3.2 MsAn Capacity and Performance
9
m3AnEi AnE1I0 2 aussouzuazanuannsalusessumsaaduuaysisany

J J . [ a A o 9y a
msuau%aaﬂ%@iugﬂmm function VDIDATINITSUITTINNANTDUNTYUASHNAANATS.

3.3.3 M5U5213% Financial cost 112 benefits
1. Capital cost of components
o A a d @ @ aaa { Q) @ aan @
autiums Iagseiiusmvesginsaivanvesdaulgnsendudalgnsemanly
= Y o A 9 9y g 9 aov 9 o ]
MsfnyY,  Tagtayadrzduiumssusunnunglnsaineds s U ENgUNUI MY
o ) [ o A a .

ginsainsuiludmsuTnsems wazduiumsiseiiiu Cost Tugiluos Capacity Tagld power

functions.
2. Capital recovery cost

M31)521301 annual cost ¥IMIAINUIATINTNRASNDIUHN301 ASBR Taeld

nanmsysziiiu Capital recovery cost AIauMIn 1
i(L+i)

Cre = (CP_SV)m +1S (1)

\
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Tag

Cre = the capital recovery cost, v/l

C, = the purchase price 130 capital cost of the equipment
Sy = the solvage valve of the equipment

N = the economic life of the equipment, Y

i = the real annual interest rate

3.3.4 M3ANY Life Cycle Greenhouse Gas Analysis
Inventory Materials
m31sziiu Life Cycle vosdaanldlumsnoadndalfisenun ASBR &9
Usznoudie :
S A g 4 o o @ aaa ] I~ [ 3’ = 4 g}
1. mantluesnlszneudiAyvesdaulgnsen denuininas szuuginsalguii.
~ s d 4 o 9 ] Aaaa
2. FuaniluesnlszneudidyveslassainnalnionasszuugIusInves
o ]
29AY5ZNOUTLUUAS .
A o
3.4 aoUNMMINAaey

Y a wva a Y ] a Y a a 1% v A
wmﬂguwmmmmaaummNmammaan UAINYT LASTWANTU dD1UUIVY

Inenenaasazina luTaguralszme lne (7).
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a q
4. Nﬁﬂ]ﬁﬁﬂ‘]&ﬂ!!ﬁ%?iﬂﬁm

4.1 M31Us21314 GHG Emissions

GHG Emissions fi1lsziiiunnmssamsmamivenlasen ledannsasmunay life
cycle llﬁﬁﬁ‘lf:

1. Material and energy acquisition

2. Construction

3. Operation

4. End-of-life

Tasszuusansiudeiszdiue life 7 50 1l, dauginsaiaen luszuu Usziiiud 253

1. GHG Emissions Tu34mMsnaniageige

a 1 dy o a Y d‘
msﬂszmu”lumuuamﬁammumi”lﬂ AUTUNITN 1

GHG,, = M x GHG, — (D
Tag

GHG,, = GHG emissions for the production of materials
M = mass of material

GHG, = GHG emission Factors & 9

[

2. GHG emissions $H119MSUUAIIAA

q

= A 9 ) o u_ ¢ ul ul ¢
4.2 MIANHUUVDIAUNTIINUUUAUUVUNIZUIUNITINIIAMBAITUOU LADDN ¥R
o s IsAq ¥ A ' o
1. msgagumamsven laeen laanldlulasensn 1 wuhanuaunsaluasgadu
o % I y A 2 o ) Yy 9 I3
maasueu laeen lednuur Tdumvduaussauanududutazanudutuvosn g,
A o [ a 4 ) a . g o
2. MINNBATINTSUANILAITOUNTIAITAURUMTUDY  step-wise  N1D08 U8 1H
1@1d145U acclimation Y94 biomass LAz MIIANVDIA activity tWoaATlaynIN15shock loading 7
DIAINALTIADAUTTOULVDITLUL.
3. MISAUTLVUUUD batch WU 197 upflow velocity seavluna1svzinadnin
5¥AUFA 11199910 upflow velocity 52AUgIIZN0T Q1190 biomass particles, IaodInalw particle
a 1 o o . . a [~ .
AAMT collide AT crash 5¥M319HU 1azii1¥ biomass particle NANITUANUDUNA biomass LA

<
!ﬂUﬁ"Imﬁ]‘lJﬂﬂﬂﬁ washout Y93I UL.

53



o Aaaa g 4 a A o w 4
4. ﬂ"li’é)’l’)ﬂll‘]_l‘]_lﬂ\‘]ﬂi‘]ﬂiﬂ?!ﬁ@\‘]igl}uﬁWNWiﬂi%Lﬂﬂl“ﬂﬂi%ﬁﬂ‘ﬁﬂ?Wﬂ'lﬁﬂ'ﬁ]ﬂ COD Hagnsuou

lagoon lesan 50-95.2 % tag 84.5-92.2% ANSIRL.

4.3 UszansmMNMImIadlenuazHantn 1L 1NN
A13199 12 uaadszaninnmaimndad TeauazmInann1s3InIm lasnua1n1siina

wuv T lseormamusoaamanuduiuvesnnuanilsnlumendled a3 esay 82, uazauisn

v d

a o = Y [ 1 31 = A @ 1 [ =
NﬂﬁﬂT"])’GIf’JﬂTWllﬂ 5.16 a1, YDINIFAD AV.Y. VOIUUTYIINYATAI, NTAATIUVDINIFUINY

9 < [ 4 o
71% ., Taglgnalumsinunnmearasmans (HRT) 6 .

d' a A a o IS o Y d‘ S U
M1319%0 12. ﬂﬁ%ﬂ‘ﬂﬁﬂ1wuﬁ$ﬂT;WIﬂ1“li‘li’Jﬂ1W51IEN‘§$1J‘U1J1‘Uﬂ!!1J‘U113J‘l‘UE)]fnﬂ‘m‘m]lﬂﬂﬂﬂ 62U

183 Hie iniath iseen WA
1. BOD un./a. 35,875 5,880 -
2.COD un./a. 40,400 7,200 -
3.pH - 5.80 8.21 -
4.8SS un./a. 2,013 870 -
5.VSS un./a. 1,223 727 -
6. Alkalinity un./a. as CaCO, 160.16 420 -
7. TKN un./a. 1,732 431 -
8. MBFINMN SIRNGHEYS - - 5.16
9. Mayfimu $ovaz - - 71
10. AANNToUVEIM BN kWh/ay.a. - - 10.7

Y w
4.4 ANMKRNIZTANAIUNANIH

o w oy v 4 ) L o o { o @
maTuTagmaiaindeuny lildermaiioinnlszgndldlumstiniabedudmsy

9
v A

9
wndennyadatamsolszitiuanumnzausunasan Tddail -

[ A A 9 g} =S v J
1. wasnunaunuinga lanmindeninyadai
a g’ =S
suraninge 30 av.y.

USnamasininnla 30%5.16 = 154.8 a1).3.
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USamastimu 0.71¥1548  =109.9 1.1,
alSuaanusou 109.9%10.7 =1175.93 kWh/ 31

2. Usendanasanulumsi@uema 2000 kWh/1000 kg COD

o A ' o o & 35,875
wasnu Iihndesnsneuriniaiiesdu 2000%30* —22""  =2152.5kWh
1000 *1000
wasnu Iihndeamsndainia  2,152.5%02 =431 kWh

Usendandaanu'la 79 %

a o W o o w_ o A
4.5 miﬂizmu%’ammm@mmmzmmmﬂms’?msuaﬂmamsmmmsﬁﬂmmﬁu

YyoninguInyada?

Y é’ Y
voyaloIny
Y
widennyadas 30 gmAnuasAo U
BOD 35,875 inaniuAeans

5

WaannAuszuUanuy ABR 13um BOD, azgniia i 82% naviae BOD,

5,880 Haansunoans
§asms Inavenindemdeso4 = 1.25 amnAfiuasaed Tug
Peak factor 3
sanms lnagegamds 12543 — 3.75~4 amnAsiuasaed Tug
AZUNFIANVYS

suduainyadad 30 gnnAnuasAe U
sasimslvadigamds 3024 = 1.25 amnAfiuasaed Tug
Peak factor 3
sanms lnagagamds 12543 — 3.75~4 amnAfiuasaed Tug
anusrlums lmaruazunsg 0.3-0.6 ATADIUN
FLYLFOITNIEHINLIIALUNT 25 Naaas
fi1ﬂ3mqmuaﬁﬂi$ﬁmf1 (Head Loss)

miwenliilonzuns wgady 150 Nadas

thqqmﬁamuﬂﬂfmﬁu 800 LIRS

FUIUYAVDIALLUNT 1 %A
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venniyadn

] 3 M)
F2EZIAMINNINUAZNOU 2 ¥ T4
a ] y 4
S1astondeams 4%y = 8 ANANINAT
Y
sTAVNIgIgA 2 A3
A A Ay
NUNVONADING 82 = 4 AT NUNAT
] =y <
a9 ADUNTAASUIANIAADY EPOXY
PUIU 1 04

gunsaifldludeiminadal

A oy = Y o
L1 so3guuudauInd ABR

] 9 J
VNANTOIgUITY 4 anueiasAed T
Y
ANUAUNN 12 s
U 2 YA

A A o [ [ 1 o 9 A 9 =)
1.2 wsoaguansmldmsuUSum pH  $1uau 1 ga wieugaaiuguansialinle Tsaoy
4
Teason laa

A AAqQ Y o 1 . o 9y
1.3 1n3esguansniin IgdmsuUSua nutrient $1uau 1 3 wonganIugw

1.4 1ATINIUTWAY §1UIU 1 3 wonganIUaN

93 ABR (Anaerobic Baffled Reactor)

a g’ =S d‘ 9 < [ [ 4
sasinaenaoununnlugs  30% = 180 ANUANINAT
A 9 o 4
1@en]¥H9 ABR YU 180 ANUANINAT
U 1 04
ANGA 3 AT
Y

sEAVIIgIgA 2.50 ag
5282 Free board 0.50 g

dy d' % aAan
NuNaalnTen 180/2.5 = 72 A5 1NN T

] A <

a0 ABUNIAIATUIHANIAADY Epoxy
szansanlumsananii lod 83%

1A a9 a A o A
A1 To@n 35,875 Uaansuaoans
1 = =} =\ a (%3 1 =
CRRERGH) 5,880 Uaaniuanans
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1. swemsdSnamazamiaseaiig

5183 5181989 YA Hie 51
1 ﬂaﬁﬂﬁwgaﬁﬁi 4%2 .. - 111,702.00
2 9 ABR 180 aL.4. 1 1,121,725.00
3 smyﬂﬁum%uﬁuﬁuazamﬁu (A RTRCRtY 1 149,500.00
et 1,382,927
2. 51ﬂmﬁqﬂnm‘iizuuﬁ1ﬁﬂﬁu§ﬂ
3183 EAUCEGHT) ) Ml 51
1 veriniwada’
1.1 m?mquﬁuﬁa 2 39,000.00 78,000.00
1.2 NuAuolazdoso M 58,500.00
1.3 gnasodind 3 3,900.00 11,700.00
1.4 AZUNTIANVEY 1 65,000.00 65,000.00
1.5 1AT 09N KAy 1 104,000.00 104,000.00
1.6 9Unseil§y pH aza1s0IMNg %A 84,500.00 84,500.00
39 401,700.00
2 99 ABR
2.1 Unsalszuy ABR 1N 300,000.00 300,000.00
2.2 syvunyuiouina 195 Tend 1 650,000.00 550,000.00
59 850,000.00
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31835 SeazYn A 1ivae 31
1 ﬂuaﬂﬁ%ﬁqﬂﬂiiﬁ M 125,000.00 125,000.00
2 sz ihyaniuauszuuinia N 187,500.00 187,500.00
3 NUIAUTZUL N 250,000.00 250,000.00
4 AUTIIFINTLALAIDDNLLL NN 65,000.00 65,000.00
5 Aaumaazavudeginsel NN 50,000.00 50,000.00
39U 677,500.00

v Y
FWAUNUIINDD 1. — 3. T2UdU 3,312,127 UMW

saunseanaanszua lWih 025 kW/d 309,500 1. INNIAY 3,611,627 VN

mawan lihdenseseud

Foyaninmsdsziiiu
- Snafsdanndingald 154 amnasuaTseiu
- mAnuiou 5,000 KCal / gnusnimung
- s lWihaenineg (um / kwh) 3 UM / kWh
- dsgAnsmmmsnaeus) 15%
- 33UZIMMIIAWATOITNS 24 Hrluadedu

300 uaoll

154 * 5,000 * 4.18 * 0.15 12

msarvalsualdfanaa
3,600 * 24

= 5.59

s lhiine1dlu 13

5.59 %24 %300 *3
= 120,744 UIMN
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a d d
4.6 MIIATITHANMHINLANMAATHFATNT
4.6.1 mldnelumsasnu sneadwszuuihiauuylilderma uazszuunaanszua lidh
YA 0.25 KW/DAY 5miThuilu 3,611,627.00

4.62 alFnelumsauiiums

- A11YAAINI 10,000  1INADLADY
1 =K Qy A 1 A

- enanldagaunlaes 10,000 VINADADY

- ARIIVNATIEN 10,000  VINABLABY
d’ 1 A

- U9 5000 UINABADU

593 35000 11MABIADY

4.63 AMADULNY
- e lvlih 120,744  11MaA0)
- dszudan i lumsinia 1,836,000 UIMAD1)

a 4
4.6.4 fﬂi')l,ﬂi18Wﬂ31hlﬂh1$ﬁﬂ1uﬂ1iﬁﬁ‘1@u
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/ d a
m‘naﬁ 13. MIAUATIZHNINIEGU NanOUUNUNITAINU B/C

Un AN mlgaely WanaUUNY PV PV WanauUNY
MIfuiums mldae NanaLINY qns
NPV
1| 3,611,627.00 - - 3,344,099.07 - -
2 420,000.00 1,956,744.00 360,082.30 1,677,592.59 1,317,510.29
3 441,000.00 1,956,744.00 350,080.02 1,553,326.47 1,203,246.46
4 463,050.00 1,956,744.00 340,355.57 1,438,265.25 1,097,909.68
5 486,202.50 1,956,744.00 330,901.25 1,331,727.09 1,000,825.84
6 510,512.63 1,956,744.00 321,709.55 1,233,080.64 911,371.09
7 536,038.26 1,956,744.00 364,818.63 1,331,727.09 966,908.46
8 562,840.17 2,054,581.20 413,704.33 1,510,178.52 1,096,474.19
9 590,982.18 2,054,581.20 469,140.71 1,630,992.80 1,161,852.09
10 620,531.29 2,054,581.20 532,005.56 1,761,472.22 1,229,466.66
11 651,557.85 2,054,581.20 603,294.31 1,902,390.00 1,299,095.69
12 684,135.74 2,054,581.20 684,135.74 2,054,581.20 1,370,445.46
13 718,342.53 2,157,310.26 488,891.86 1,468,229.11 979,337.26
14 754,259.66 2,157,310.26 554,403.36 1,585,687.44 1,031,284.08
15 791,972.64 2,157,310.26 628,693.42 1,712,542.44 1,083,849.02
s | 3,611,627.00 | 8,231,425.44 | 28,485,300.78 9,786,315.68 |  22,191,792.86 15,749,576.26

B/C ratio =

PV of benefit

PV of cost

Payback period (izazﬁunu)

22,191,792.86

9,786,315.68

2.27

=prv aldnelumsamu

NPV maeneil

IZUZAMUNY = 3,344,099.07

15,749,576.26

14
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/ d a
M3199 14. MIAATIZHNIMIAY EanauunuMealy (IBR)

4 AU mlvoely NPV of cash flow
mIduiiums | wameuuny | nszua@uaa |  Discount i Discout g4

1| 3,611,627.00 - - |- 3.611,627.00 3,283,297.27 |- 3,140,545.27

2 420,000.00 |  1,956,744.00 |  1,536,744.00 1,270,036.36 1,161,999.24

3 441,000.00 |  1,956,744.00 | 1,515,744.00 1,138,800.90 996,626.28

4 463,050.00 |  1,956,744.00 |  1,493,694.00 1,020,213.10 854,024.39

5 486,202.50 | 1,956,744.00 |  1,470,541.50 913,090.57 731,119.02

6 510,512.63 | 1,956,744.00 |  1,446,231.38 816,359.91 625,245.73

7 536,038.26 | 1,956,744.00 |  1,420,705.74 794,011.24 534,095.91

8 562,840.17 | 2,054,581.20 | 1,491,741.03 1,018,879.20 487,652.79

9 590,982.18 | 2,054,581.20 [ 1,463,599.02 1,099,623.61 416,046.19

10 620,531.29 2,054,581.20 1,434,049.91 1,185,165.22 354,475.21

11 651,557.85 2,054,581.20 1,403,023.35 1,275,475.77 301,570.36

12 684,135.74 2,054,581.20 1,370,445.46 1,370,445.46 256,146.05

13 718,342.53 2,157,310.26 1,438,967.73 1,582,864.50 233,872.48

14 754,259.66 | 2,157,310.26 | 1,403,050.60 1,697,691.23 198,291.26

15 791,972.64 | 2,157,31026 | 1,365,337.62 1,652,058.52 167,792.46

33U 3,611,627.00 | 8,231,425.44 | 28,485,300.78 | 16,642,248.34 [  13,551,418.32 4,178,412.12

f'ni?)!ﬂi1$ﬁﬁ1ﬂaﬂ€)ﬂ!!‘l‘l1«!ﬂ1ﬂiu

v Vv
IRR = 9A3180IUAAAIR + | HAR 19T UINNOATITIUAANITOT *

IRR =10+

(15-10)*

13,718,160.68

Hq Yo ' o 9
NPV ﬂi‘ﬁ@ﬁﬁ‘lﬁ?uﬁﬂ@]j@?

Nar19ud NPV N148a51d1uannaaded

13,718,160.8 - 4,178,412.12

=10+(5%1.44)

=172
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9
MINNSAATZHMAATHFAAAS luudmIasnuassmsihimindeainmsyadaino
HanouuNUANAIUNMIaINY, IoATIHAADLLNY Benefit / Cost 1udas1 2.27 1Whueeduiasl
=\ =) 9 =} = Ao dy 9 =\ a
tagliszaznaauny lenauies 297 1, noaseenie Sesaz 8, uazMInUMIlsiiy
1 o a "V v 9 A =y =\ [ dy A
HagauunuMely (IRR) aglunamings iaumnusesay 17.2 , wenlseumeunusasinenien

a Y Y ya o a dy k4
‘]Ji%mu@:ﬂfjﬂ IggaY 15 Lla’JfﬂllﬁﬂQNHNW1ﬂﬁﬂ”|‘]J‘L!ﬂ1§LQHN1ﬁQHH1HTﬂ§Qﬂ”liullﬂ.
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