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BIOLOGICAL SULFIDE OXIDATION APPLICATIONS IN LATIN AMERICAN TROPICAL COUNTRIES.

SUMMARY :

In Latin American  countries, more than in European countries, people are very sensitive to odors, and the success of a wastewater treatment plant (WWTP) depends on the odor control. On an other hand, towns and industries are usually unable to invest in traditional activated sludge treatment plants, and are nearly never able to pay for their operation and maintenance costs.  For that reason the cheaper UASB anaerobic treatment plants are so popular in Latin America, but their development has been limited by the odors generated in the air as well as in the effluent discharge.

Additionally, the biogas commercialization is an interesting possibility to cover the Operation and Maintenance costs of the UASB treatment plants, and the H2S removal could greatly facilitate its commercialization.

That’s why the micro-aerobic sulfide oxidation, which is a very new “high tech” technology, is already being used in several anaerobic wastewater treatment plants in Latin America, even for “down graded” low cost sewage plants.
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INTRODUCTION :

In Latin America where incomes are a lot lower per inhabitant than in Europe, the investment and O & M costs of the W.W.T.P.´s have also to be lower.  Nor the citizens, nor the industry are able to pay the same prices than in Europe per kilo of COD (or per L/s) treated.

This is the basic reason of the “attraction” for anaerobic technology in all tropical countries.

In Colombia, 80 % of the WWTP´s in operation are anaerobic, mainly of the UASB type.  After nearly 10 years of Investigations and Developments, prices of turn-key projects with UASB technology are around US$ 100 per kilo COD in the case of industrial wastewater and US$ 40 per inhabitant in the case of domestic wastewater (US$ 55 per inhabitant with aerobic post-treatment).

Nevertheless, sulfide has been a limiting factor in several WWTP even in tropical countries.   Examples :

· In 1988, the biogas dual-fuel engine of the palm oil mill “Palmeras del Llano” suffered two times severe corrosion of the copper heat exchanger, because of the acidification of the oil caused by the H2S.

· In 1989 the UASB  WWTP “El Vivero” in Cali had to be stopped after a trial of 4 months start up, because of odor problems with the nearby community : on one hand the biogas was released in the atmosphere, and on the other the neighbors were affected by the emanation of odor from the sewerage system (WWTP effluent discharge), as many houses in tropical countries have no siphons. This plant was down for 4 years, till its rehabilitation and start up by BIOTEC in 1993.

· 1996 : The biggest UASB domestic WWTP in the world (as far as we know), RIO FRIO Plant (Bucaramanga, 300.000 inhabitants), which is a very low cost plant (direct investment costs : US$ 20 per inhabitant - direct O & M costs : US$ 1 per inhabitant and per year) was close to be closed for odor problems with neighbors (and pressure of the aerobic lobbies).

· 1997 : The 8 millions dollars anaerobic covered lagoons of a distillery near Cali removed more than 80 % of the daily 40 T BOD of the vinasses, but generated strong H2S odors nearby the airport, 10 kilometers down the plant.

These few examples show that to be successful with low cost anaerobic technology, it was urgent to develop parallely successful low cost sulfide removal systems, for the biogas, for the exhaust air of the plants, as well as for the anaerobic effluent itself, as often in tropical countries the anaerobic plants are not associated with aerobic post-treatment.

THE “KEY” DISCOVERY  OR BOTTOM LINE : 

For us,  the “key” discovery was the publication at the end of the eighties by the GTZ of the results of H2S removal in the biogas of a slaughterhouse in Senegal, thanks to the injection of air in the floating gas storage.  This was the start line (bottom line) for dozens of rural biodigesters of a cheap way to remove the H2S of the biogas, and use it safely for motors, boilers and stoves.  The system is well adapted to biodigesters (anaerobic reactors) which are covered by large plastic gas storage o metallic floating belts.  Many biodigesters use small aquarium compressors for this purpose.

In Colombia the system has been used by BIOTEC since 1994 to reduce the H2S content of the daily 800 m3 of biogas generated by a palm oil factory biodigester in Tumaco, before using it as fuel in a 250 kW dual-fuel engine.   The results have been very positive with a 95 % removal efficiency.  It is a typical simple micro-aerobic sulfide oxidation system, as, thanks to the air injection, a Thiobacillus specie is growing on the surface of the biodigester (and even on the humid walls of the gas storage tank).  The palm oil factory PALMAR SANTA ELENA could reduce the H2S concentration of the biogas from 1.200 ppm to 50 ppm.  It maintained nevertheless a classical iron oxide filter before the engine reaching  this way, a final H2S concentration lower than 5 ppm.  The iron oxide consumption is of course very small thanks to the efficiency of the biological removal system, and thanks to the regenerative effect of the oxygen injected.

INDUSTRIAL APPLICATION : THE CASE OF A YEAST FACTORY :

In 1994, the company NABISCO asked BIOTEC to design, build and operate an anaerobic WWTP for its yeast factory located in the heart of the city of Palmira in Colombia.  At a cost of US$ 750.000 (US$ 110.000 per ton of COD), this challenge definitively required a  “smart” micro-aerobic biofilters to oxidize sulfide into sulfate and elemental sulfur in the air, in the biogas and in the treated effluent.

Objective of the sulfide removal systems : To avoid odors in the air (compost filters), near de burner (biotrickling H2S removal unit) and in the sewerage system (biotrickling filter for the effluent).

DIAGRAM OF THE PROCESS AT THE NABISCO YEAST FACTORY IN COLOMBIA  (PHASE 1) :




CENTRIFUGES


4 T COD/DAY 





BUFFER TANK                   


pH control

nutrients addition




PUMPING STATION





11 L/S

Biogas 

U.A.S.B.








           BLOWER
      COMPOST












FILTER



BIOTRICKLING HS- FILTER

Biotrickling

H2S Filter




SEWERAGE

Burner

DIAGRAM OF THE PLANT (PHASE 2 UNDER DEVELOPMENT (1998-1999)) :
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DIAGRAMS OF THE TYPICAL BIOTRICKLING H2S FILTERS :

A)  FOR BIOGAS :

B) FOR U.A.S.B. EFFLUENT

The results of the Phase 1 were :

1)  COMPOST FILTER :


IN : 300 ppm H2S


OUT : 0 ppm

Nevertheless acidification of the compost is rapid and requires several turn-over per year to mix the compost with lime.

2)  GAS BIOTRICKLING FILTER :


IN : 18.000 ppm


OUT : 10.000 ppm

3)  EFFLUENT BIOTRICKILNG FILTER :


IN : 250 ppm


OUT : 150 ppm

The efficiency of the compost filter is around 100 %, but the efficiency of the Biotrickling filters are only around 38 %, which is very low, but this can be explained partly by the high HS- loading rate per m3 of plastic medium. Nevertheless, it is sufficient to operate with very low operation and maintenance costs this WWTP located in the heart of a city, and discharging its effluent to the urban sewerage system.

The PHASE 2 has for objective to improve sulfide removal efficiency,  to reduce odors and corrosion in the sewerage system, and to reduce to half the sulfate concentration (ppm) of the UASB affluent, thanks to the 1 : 1 recirculation rate of the sulfide free final effluent.

SULPHIDE CONTROL IN A RENDERING PLANT :

The AGROSAN rendering plant processes by-products of several slaughterhouses in the region of Medellín, Colombia.  Their raw material cooking system, with direct vapor contact, generated a heavy contamination, discharging  effluents with more than 150.000 ppm of COD.  Depollution of this heavy load was too expensive for this industry, so AGROSAN decided in 1996 to change its process (re-engineering) and to install indirect vapor cookers.  In consequence nowadays its main contamination is odor from the cooking vapors.

The vapors are condensed and separated in two fractions : condensed vapor (liquid fraction with a COD around 2.000 ppm)  and no condensable vapor (gaseous fraction).  The liquid fraction is sent to a trickling filter to remove part of the BOD and 99 % of the sulfide, but it doesn’t oxide the ammonium.  The gaseous fraction is sent with air by a blower to a compost filter. It is composed by H2S, mercaptans, NH3 and amines.  H2S removal is near 100 % but acidification of the medium is even faster than in the NABISCO plant due to the variety of compounds to be oxidized - not only H2S.

The rendering plant is now nearly odor-free and only discharges to the river 40 kilos BOD per day, but could still improve its treatment system if it is able to implement a micro-aerobic sulfide removal system instead of a macro-aerobic sulfide oxidation, as the rapid acidification of the biofilter is a limiting factor.

H2S REMOVAL OF THE BIOGAS BEFORE INJECTION IN THE MUNICIPAL NETWORK.

The biogas is a noble energy vector, but usually its valorization is coarse (substitution of fuel or coal in boilers) as the energy users are afraid by its corrosion properties due to its small percentage of H2S.  In Europe its injection in the national gas network implies expensive treatment units to remove CO2 and H2S, to put the biogas at the same standards than the natural gas.   In Latin America natural gas networks are not common, and there is no reason to burn the gas in a flare or in a boiler if the sale price is higher selling it by pipeline to housing for cooking (many houses cook with  electricity, and others still cook with wood).  BIOTEC used to send the coarse biogas of its UASB domestic wastewater treatment plants directly to the houses, not only to generate operational revenues that could cover in part the operational costs, but also to generate a direct benefit and an integration of the neighbors of the plant, which become its “guardians”. Duration of  common stoves is around 5 years with a normal use.  

Next step in the UASB sewage plants will be to include, automatically, a  cheap micro-aerobic H2S removal unit, to reduce the odor of the gas and to increase the life of the stoves, which will make easier the biogas commercialization.  This new concept is under development in the 3 UASB sewage plants of Panajachel and Sololá in Guatemala.

CONCLUSIONS :

The sulfide oxidation (to sulfate or to elemental sulfur) is now a basic technology and an appropriate technology for the Tropics, that is often included in UASB WWTP at any level : sophisticated industrial plants or common sewage plants.

