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Anaerobic digester and the biogas utilization system was developed by our
research team and was applied in a pilot cooperative rubber sheet factory at Ban
Kuaw Rang Cooperative, Klong Hoy Khong District, Songkhla Province to replace
the open pond wastewater treatment which formally caused offensive odor problem to
nearby communities and release of greenhouse gas to the atmosphere. The pilot
biogas system was installed and continuously used to substitute firewood. This
research aimed to (1) evaluate the efficiency of the biogas system in terms of organic
removal efficiency in the wastewater and the biogas to firewood substitution rate, (2)
test the operation of lab scale anaerobic digesters at lower hydraulic retention time
(HRT) in order to identify the impact of reducing in size, and the trail of animal
manure addition to increase the biogas production rate, (3) test the addition of animal
manure in the full scale at Ban Kuaw Rang Cooperative, and (4) evaluate the carbon
footprint of the smoked sheet rubber produced from the cooperative with and without
biogas system.

Results showed that pH of the effluent from the full scale biogas digester at
Ban Kuaw Rang Cooperative fell in a range 6.43-7.73 while the final (3™) pond
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effluent had pH at 7.52-9.39. The TCOD removal efficiency was 67.7% for biogas
digester alone and 81.5% for the overall system. TN, TP and TK in the effluent
averaged 161.0, 256.2 and 787.8 mg/L, respectively. The methane content was in a
range of 48.0-62.4% in the biogas which was produced at a rate 13.2 m*/ton fresh
latex coming to the factory. Smoking the rubber with only firewood consumed 0.44-
0.76 kg firewood/kg smoked rubber with the average of 0.57 kg firewood/kg smoked
rubber compared to that with the biogas at 0.34-0.62 kg firewood/kg smoked rubber
with the average of 0.43 kg firewood/kg smoked rubber. Thus, biogas usage could
reduce 0.14 kg firewood/kg smoked rubber or 0.14 baht/kg smoked rubber. The
properties of the smoked rubber were insignificantly different from each other.

Results from the lab-scale system comparing the performance with different
feeds to the digester; real wastewater only versus the wastewater with 1%TS, 2%TS
and 3%TS pig manure mixture. All systems were operated at HRT 35, 30 (before and
after rubber plantation leaf shedding), and 25 days. It was found that pH of the
effluent were in a range of 6.5-7.5, TCOD removal above 85%, and the systems were
able to withstand the organic loadings tested of 0.12-0.60 kgCOD/m>.d. However, to
reduce the size in design a full scale digester was not advisable since the production
of cooperatives may go above the peak load in some time in a year and many
cooperatives always intend to expand their capacity when there is an opportunity. As
for the nutrients, total nitrogen (TN), total phosphorus (TP) in the effluent were
reduced slightly probably due to the sedimentation within the system and microbial
uptake. This effluent still contained an appreciable amount of nutrients and can be
used for irrigation to plant and rubber tree. Methane contents in the biogas were in a
range of 43-62%. It tended to increase with the increasing pig manure addition
because of the additional nutrients supply.

Economic analysis of the biogas system construction revealed that the cost to
build the system was 1,050,000 baht under HRT 35 days both with and without pig
manure addition. The monetary return from the reduced firewood usage was estimated
at 70,000 baht/year without pig manure addition and 80,455, 94,091, and 147,727
baht/year with 1%, 2%, and 3% pig manure added. These were equivalent to payback
period of 14.9, 13.0, 11.1 and 7.1 years, respectively. Partial governmental subsidy
could help shorten the payback period.



The addition of pig manure at a full scale digester were conducted for 15 days
at the pig manure loading of 135 kg/d. Results showed that the system could produce
the biogas at 19.4 m3/ton fresh latex compared to that with wastewater alone of 13.2
m’/ton fresh latex. pH of the effluent was in a range 6.68-6.92 with the TCOD
removal efficiency of 95.8%. TN, TP and TK were averaged at 234.7, 194.0 and
857.5 mg/L which were very similar to those without pig manure addition. The
effluent can be used for irrigation. Although the results indicated that the system
could bear the additional organic load, finding animal manure to feed to the system
regularly may be difficult and one must not add this additional load to the system at
the cooperative’s peak production period that induced the shock load to the system.

Finally, evaluation of the carbon emission from 9 cooperatives showed the
average carbon footprint of smoked rubber sheet of 2.0781 kgCO2/kg smoked rubber.
The contribution of the carbon emission included the raw material acquisition 1.4895
kgCO2/kg smoked rubber, wastewater treatment system 0.2358 kgCO2/kg smoked
rubber, transportation of raw material 0.3260 kgCOz/kg smoked rubber, production
process 0.0155 kgCOz/kg smoked rubber and the transportation of the finished
product 0.0112 kgCO2/kg smoked rubber. The greenhouse emission from the
wastewater treatment system at Ban Kuaw Rang Cooperative was reduced from
0.2412 to 0.0765 kgCO2/kg smoked rubber, a total reduction of 0.1647 kgCO2/kg or
68.3%.
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