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Abstract

The autothermal thermophilic aerobic treatment (ATAT) is a process capable of sponta-
neous reaction at a temperature of 45~55 °C without the addition of external heat. The
process is attractive because of low excess sludge, comparing with typical activated sludge
processes. The purpose of this study was to evaluate a biological calorimeter, which is cru-
cial to ATAT design and operation. The calorimeter is basically a programmable aerobic
respirometer equipped with a heat-controlled system. The calorimeter measures the specific
biological heat (hp, in cal/g BOD;) of wastewater, which is an important system parameter for
the ATAT process.

The calorimeter consists of five major components: a reaction vessel (2 L), a mixing
system (max.1000 rpm), an oxygen supply and control system (max. 900 mg O,/hr), a heat
compensation and control system (100 J/s), and a signal processing and control system (min.
interval 1 min). A heat balance model [dH/dt = dH./dt + J; + h,(dO/dt)] was developed to
assist on data analysis. The model considers three types of heat (cal) and flux (cal/min): heat

compensation (Hc, Jc), heat transfer via conduction (Hs, J;), and biological heat (Hp, Jp).

The system was first evaluated by blank tests for determination of Ji. A thermophilic
reactor was operated for seed culture acclimated on glucose. The seed culture was then
transferred to the reaction vessel of the calorimeter for sample tests. The vessel was fed
every day with glucose feed stock (10 g COD/L) at an SRT of 10 days.

The experimental results show oxygen uptake curves within 8 consecutive days. The
curves show a typical pattern of endogenous respiration after 10 hours with a removal of 90 %
after 24 hours. The heat transfer (H; and J;) was determined to be -720 kcal and -550 cal/min.
The biological heat was estimated to be 4.2 kcal and 5.8 cal/min on average. However the
compensation heat ratio (r = H¢/H;) was as high as 99.6 % due to poor insulation. The hy
was determined to be 50 kcal/g, much larger than the theoretical value of 3.5 kcal/g for glu-
cose. A heat balance model was then developed to investigate proper design specifications.
It was suggested that the reaction vessel must be insulated to reduce compensation heat to
Hy/(1-r), or 10.5 kcal (r = 60 %) for reliable measurement. Also a smaller compensation
heat flux (such as 10 ~ 30 J/s) with higher precision (1 ~ 5 J/s) should be used for more stable
heat control.
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OLR-300 OLR-300 OLR-300
Remarks
Sample test Blank test PLC temp
1. Gain 1 - Heat compensation (Hc)
Jc 100 W (J/s) 100 10 Reduce flux
Je 1433 cal/min 1433 143 Design > Jt
t 24 hr 2 8 Shorten rxn time
tc 0.35 min/min 0.35 0.10 on time
He 722 kcal 60.4 6.9
Cv 5.0 % 5.0 1.0 Design better control
dlc 72 cal/min 72 1.4
dHc 36 keal 3 0.1
2. Loss 1 - Heat transfer (Ht)
At 800 cm’ 800 800
It 0.3 cm 0.3 10.0 Design sufficient insulation
k 0.102 cal/oC-cm-min 0.102 0.102 for glass
Tt 55 oC 55 55
Ta 53.2 oC 53.2 52.3 Design sufficient dT
Jt -490 cal/min -503 -22
Ht -705 kcal -60.4 -10.6 Design for ~ 10 kcal
Cv 5 Lab =3~5% 5.0 1.0
dJt -24 cal/min -25 -0.2
dHt -35 kcal -3 -0.1
3. Gain 2 - Biological heat (Hb)
St 10 g/L COD 0 10 Design Hb > 10 kcal
SRT 10 days 10 10
Vit 2 L 0 2
Vf 0.2 L/feed 0 0.2
E 90 % 0 90
hb = 3500 cal/g COD 0 3500
T 12 hr 10 8
Avg Jb 8.8 cal/min 0.0 13.1
max Jb 26.3 cal/min 0 39.4 fpk=3
Hb 6.3 keal 0.0 6.3 Design Hb < 10 kcal
Max OUR 450 mg/hr 675 Design < 600 ~4000
Net 23.684 kcal 0.006 2.605 Adjust for zero
Net/Total 3.36 % 0.01 24.63 Adjust for <5 %
Total 705.0 keal 60.4 10.6
r 102.5 % 100.0 65.1 Design r < 50 ~60 %
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