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autothermal thermophilic aerobic

wastewater treatment, ATAT
heat
balance analysis ATAT
ATAT
ABSTRACT

Tt COD Si,cop.
Se.cop Xess, The design of autothermal thermophilic
Ke,ss S _ _ aerobic wastewater treatment (ATAT) must

specific biological heat potential, hy consider a key issue regarding whether sufficient

heat can be produced from biological degradation

to maintain spontaneous reaction at thermophilic

ATAT temperatures. It is therefore important to
analyze heat balance for system performance.

This study develops a mathematical heat balance

model, requiring daily average input data under

steady-state conditions, including aeration tank

87.1% ATAT temperature (Ty), influent and effluent COD
48°C concentrations (S cop, Scop), suspended solid

concentrations for aeration tank and effluent (X; ss,

T s Xess) for estimation of specific biological heat
w .coD potential (h,). The model was employed to
analyze a set of 6-month full-scale data

Si,cop, Tw 10% Sensitivity analysis was aso performed on major



operating
performance.

parameters affecting system

Steady-state simulation demonstrates clear
evidence of spontaneous reaction with a
biological heat contribution as high as 87.1% at
48 °C. Senditivity analysis indicates that the
operating temperature can be elevated by 3-4%
with an increase of influent temperature and COD
concentration by 10%. If no waste heat is
available, it is suggested that increasing influent
COD concentration is a more effective mean to
achieve reaction spontaneity.

Keywords: heat balance model, autothermal
thermophilic  aerobic  treatment  (ATAT),
sensitivity analysis, specific biological heat
potential

activated sludge
process, ASP

auto-thermal
thermophilic aerobic waste-water
treatment, ATAT
Chiang, 1999; Lapara and Alleman, 1999
ATAT 55-65°C
vant Hoff-Arrhenius

bioenergetics

energy pathway
cell synthesis
pathway ATAT
ATAT
Kamb-lum and Andrews, 1968
Rozich and Borgacs,2001 Chiang et
al.,2001

ATAT

heat balance analysis

ATAT
1 ATAT

Figure

(Accumulation heat rate) = (Influent WW heat
rate— Effluent WW heat rate) + (Inlet gas sensible
heat rate— Exit gas heat rate) + (Inlet gas latent
heat rate— exit gas latent heat rate) + (Reaction
heat rate) — (Tank heat |oss rate)

(Jace) = (Gw —Iwr) + (Ja—Jar) + (Jy — ) + (Jp) —
(%)

(GaPaCpaTa—Gi Pt Cpi Ti) + (hy,a Ga Pa
Wa — hyt Gt Pe wi) + (Q Sicop Ecop (1 —
Yo)) hb - kt At / Wt (Tt - Tamb)

Tt) TWI Ta Tanb

°C P,P, P
kgm®> Com, Coa  Cor

kcal/kg-’C Q,G. G

m*/min  hya
hyt
kcallkg wy W
kg water/kg wet
ar Scoo Ecop COD
COD g CoOD/m®



Yo mg-COD of
XImg-COD of S hy
kcal/g-CODr  k;
kcal/min-m-°C V, Ai. W

Aeration exit air:
® Sensible heat rate = Jal
® Latent heat rate= Jv1
.

® Humidity =st Ambient:
® Temp=Tt ®  Tank conduction heat loss rate = Jt
® . heat=Cpt ® Ambient Temp = Tamb
® . gravity =Pt ® Tank wall thickness = Wt
® Tank wall surface area = At
I Il‘

ATAT Aeration tank: Effluent Ww:

@ Bioreaction heat = Jo
® Volume=V
—P>]® WWoconc=St

[® ASconc=Xt

® Temp=Tt

® SRT =SRT

I

Aeration inlet air:
® Sensible heat rate = Ja
® Latent heat rate= Jv
.

® sp.gravity = Pa

Figure 1:
ATAT
Jace =0 ATAT
Jacc <0 ATAT
Jacc >0 ATAT
ATAT
KK
ATAT
ATAT
ATAT

0= ('JW - le) + (Ja - Jal) + (Jv - Jvl) +

(Jo) — (J) (eq.1)

0=0Q Py Cp,W (Tw — Tt) + (Ga Pa Cp’a Ta
=Gt Pt Cpt Tt) + (hya Ga Pa Wy — hyy Gy Py
wi) + [Q Si,cop Ecop (1 = Yo)] hy — ki At/

W (Tt — Tamp) (€9.1a)

\]W \]Wl
sensible heat
\]a Jal
latent heat v Ju
Ji eq.1
Jb
KK Figures 2a-c
1.Py, Paj P 1,000
kg/m? 0.899 kg/m?®
1.08 kg/m?®
2.Cow, Cpa Cp.t 1
kcal/kg-°C 0.251
kcal/kg-°C 0.278
kcal/kg-°C
3.Q,Ga G 0.158
m3*/min 31.2 m*/min
25.5 m*/min
4.hyy hyt
527 kcal/kg
569 kcal/kg
5.W, Wi

0.020 kg water/kg wet air
0.073 kg water/kg

wet air

6. k¢ 0.012
kcal/min-m-°C

7. A W, 293
m? 0.5m
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Figures 2a-c: ATAT

COoD
(Se); (b)

(S)
MLSS

X, (mg/L MLSS)

: (a)
COD
(Xt)

Table 1: ATAT

Heat contribution terms kcal/min %

Wastewater influent

heat rate (Jy)

4,572

Inlet aeration sensible

heat rate (J,)

Inlet aeration latent

heat rate (J,)

Biological reaction heat

rate (Jp)

846.1
290.3

3,465

49.8%

9.2%

3.2%

37.8%

Heat loss terms

kcal/min %

Wastewater effluent

MLSS

(Xe); (c) SRT

(Ty)

KK

Table 1

(Jw)
( 49.8%)

120°C
9.2%

(Jv)

(Jb)

eq.1

eg.la
Table 1

37.8%

3.2%

(Ja)

0,
heat rate (Jy1) 7,567 82.5%
Outlet aeration sensible 0
heat rate (J,;) 331.4 3.6%
Outlet aeration latent o
heat rate (J,1) 1,148 12.5%
Tank loss heat rate (Jy) 126.5 1.4%
(JW - le)
(Ja - Jal) (Jv - Jvl)
(Jb) (Jv)
Table 2
Table 2: ATAT
Heat requirement kcal/min %
Wastewater stream (Jy — Jw1) -2,995 75.3%
Latent aeration heat (J, — Jy1) -857.2 21.5%
Tank loss (Jy) -126.5 3.2%
Heat generation kcal/min %
Sensible aeration heat (J,—Ja1) 514.7 12.9%
Biological reaction heat (Jy) 3,465 87.1%
Table 2
(Jb) (Ja - Jal)
Table 2 (Jb)
(Ja - Jal)
87.1% 12.9%
75.3% (Jw —
le) 290C
48°C 21.5%

(Jv - \]vl)



3.2% (Jv)
50 cm
KK 48°C
thermophiles 55-65°C
Brock, 1986
45°C
(Lapara and Alleman, 1999)
ATAT
(mesophiles)
KK
(Jb) 3,465 kcal/min
(Table 2) (Jv)
(Si,cop)
(Ecop)

Jb = Q Si,cop Ecop (1 —Yo) hy (eq.2)

(Si,cop)
8,937 mg COD/L ( g/m®
(Ecop) 95.09%
(Xt,ss)

mg/L COD)

5,536 mg/L SS (6,918
() 2.20 d
(6:) 261 d

Yo = Xt,con/(Si,cop Ecop) x8/ 6 (eq.3)

(Yo) 6.9x107°
(COD of X/ COD of S)
(Q) 0.158 m*/min
hp 2.7 kcal/g-CODr

eg. 2a

hp Figure 3
3.2 kcal/g-CODr Cv = 56%

hy (2.7 kcal/g-CODr)
(3.4-3.5 kcal/g-CODr)

(Cooney et al., 1968) Figure 3
(Yo) Cv
88% (Yo)

(steady state)
Yo (eq.3)

h, (kcallg O,)
Y, (COD of X/ COD of )

Time (day)

Figure 3: ATAT

(hy) Yo
Yo
Y, = —dX/dS
= [(dX/dt)/X] / [-(dS/dt)/X]
= (Hg — Ka) 1 (gl Yg) (eq. 4)
(
St.cop =

Se,cop)

dXt,cop/dt = —X¢,cop /6 + (g — Kd) Xt,cop
(eq. 5)

dSe copn/dt = (Si,cop—Se,con)/ 8 — Uy Xt,cop
/Yq (eq. 6)

Yo

Yo = (dXt,cop/dt + X¢,con/ &)/[(Si,cop —
Se,COD)/ G- dSe,COD/dt] (eq 3&)

dXt,COD/dt =
dSe,COD/dt =0 (eq3a)
eq.3

(Yo)

KK



Y, (6.9x107° COD of X/
COD of S) Figure 3
9.3x107% COD of X/ COD of S

hp 3.2 kcal/g-CODr
(Cv = 56%) (3.4-3.5
kcal/g-CODr) (Coo-ney et al., 1968)

KK
(eq. 1a)
ATAT
Si.cop, Ecop: Yo, Tw, Ga
+10% Tt
Tt
hb Yo
3.5 kcal/kg-CODr 0.24 COD
of X/COD of S
Table 3
Table 3
Si,cop, Ecop, Yo, Tw, Ga  10%
Tt
Tw Tt 4%
Si,cop
Ecobp Tt 3%
(Yo) T, 1%
(Ga) T,  0.3%
(Si,cop, Ecop, Yo, Tw, Ga)
10%
Table 3 Tw
Tt
Tt
Q
Cow
ATAT

e-conomizer
(Tw)

Table 3:

Variation on effect +10% -10%

Selected effect Resulted variation of T;

Si.cop +3.2% -3.3%
Ecop +3.1% -3.1%
Yo -0.98% +0.99%
Tw +4.1% —-4.1%
Ga -0.29% +0.32%
KK
Xt
SRT
1
ATAT
87.1%
ATAT
48°C
2.
hp 3.2 kcal/g-CODr
(Cv = 56%) Coo-ney et al. (1968)
3.4-3.5 kcal/g-CODr
3. ATAT

Tw Si cop



S.cop, Tw 10%
Tt 3-4%
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