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The commercialization of a proprietary technology, BioSolids Injection (BSI), has recently made available a new and effective management tool for wastewater professionals concerned with biosolids.  BSI was designed for, and is now being employed by, the cement industry.

One of the largest cement plant in North America is currently using BioSolids Injection and can process up to 230 mtons/day (250 tons/day) of dewatered biosolids. The plant, owned and operated by the Mitsubishi Cement Corporation, has routinely consumed 9 mtons/hour (10 tons/hour) since May 1996.  In its first year and a half of operation, the plant located in Lucerne Valley, California, consumed approximately 80,300 wet Mg (85,5000 wet tons) of biosolids cake generated by the County Sanitation Districts of Los Angeles County’s Carson Wastewater Treatment Plant.

BSI introduces biosolids into the stream of exhaust gases exiting a pre-calciner cement plant.  As a result, NOx emissions are reduced by approximately 35 percent and the biosolids are completely destroyed with the non-combustible materials bound up into the final cement product (there is no ash residue).   The significant air quality improvements are achieved by first, the release of ammonia (NH3) present in the biosolids (ammonia is widely-used for NOx control in industrial boilers) and second, the reduction of the temperature of emission gases as the water-laden biosolids are combusted (fewer smog-causing NOx compounds are formed at lower temperatures).

BSI offers the advantages of incineration without its disadvantages.  First, unlike incineration, BSI requires no additional fuel; the process is an “add on” to the existing cement manufacturing process.  Second, BSI reduces air emissions while incineration creates them.  Third, BSI leaves no ash residue whereas incineration produces ash which must be hauled to a landfill.

As BSI is adopted by the cement industry, wastewater treatment plants will be able to add an attractive new management option to their biosolids portfolios.

TECHNOLOGY ORIGINS

The origins of BioSolids Injection can be traced to passage of the federal Clean Air Act  of 1990.  Management at several Southern California cement manufacturing plants were concerned that the new ambient air standards, once implemented, could  eventually compromise their ability to manufacture their  product.  

Cement manufacturing is one of  the most energy intensive industrial processes in the world.  A state-of-the-art cement plant will use 14.8 billion kJ/d (14 billion BTUs/d) daily.  One day of energy use at a single cement plant is approximately equivalent to the annual electric energy requirements of 170 average U.S. homes. Large  consumption levels of thermal energy translates into sizeable emissions of pollutants. In fact, a medium size cement plant will emit nearly as much criteria pollutants as a coal-fired utility powerplant.

The cement industry’s concerns over ever-more rigorous regulation were shared in unexpected quarters.  Officials at  the State of California Department of Commerce (now the Trade & Commerce Agency) and the San Bernardino County Air Pollution Control District (now Mojave Desert Air Quality Management District) indicated a willingness to work with the cement industry to help it respond to tougher regulation. 

The Cement Industry Environmental Consortium (CIEC) was organized by these two public agencies and three Southern California cement manufacturers as a non-profit public benefit corporation in 1992.  The CIEC was charged to develop environ- mental technology for use in manufacturing portland cement. 

The first product of this unusual public/private partnership was a proprietary technology which the CIEC named “BioSolids Injection” and which is on file as U.S Patent No. 5,586,510 (patents are pending in Europe and Asia).  The  development of this technology took several years and numerous refinements were made by the cement plant which hosted the pre-commercialization work on BSI; Mitsubishi Cement Corporation’s Cushenbury cement plan outside Lucerne Valley, California.

Mitsubishi was one of the three cement industry founders of the CIEC.  The company has invested considerable resources in bringing BSI to full commercialization.  

In 1997, the CIEC transferred international marketing rights to its BioSolids Injection technology to a new company, MSR Solutions LLC.

HOW BIOSOLIDS INJECTION WORKS

BSI technology uses the ammonia in biosolids and moisture extant in dewatered cake to good effect.  When the biosolids are injected into the zone where the exhaust gases exit the rotating kiln,  the temperatures are in the ideal range for maximizing the ammonia’s capacity to destroy troublesome NOx compounds.  The greater the amount of biosolids used, the more positive the effect. 

The chemical reaction at the heart of BSI is as follows:

NOx + NH3 + O2   > N2 + H2O

It is noteworthy that no additional thermal energy is needed to combust the biosolids in the zone where the cake is injected; in effect, the material is incidentally burned.  Mitsubishi has found that at commercial injection rates of about 10 tons an hour, only a small incremental increase in electric load is required.

NOx is not the only criteria pollutant emitted from a cement plant: carbon monoxide emissions in some parts of the U.S. can also be of concern.  With this in mind, Mitsubishi has evaluated emission levels of all the criteria pollutants including CO.  Test results document that the effect of BSI on CO emissions varies between notable increases and no change at all.  In all cases, CO concentrations with BSI in use remained well within acceptable levels (below 500 ppm) demonstrating that the NOx reductions are not obtained at the expense of increasing CO levels.  In addition, full stack emission tests on hazardous air pollutants (HAPs) have found no significant increases in HAPs which are considered to pose a health risk.

Plant Conditions Affecting BSI

In addition to the release of NH3  at favorable conditions, another key issue is mixing efficiency, which affects the extent of contact and hence, reaction between NH3  and NOx.  The BSI technology is readily applicable to pre-calciner plants because the temperature window for BSI, 870 - 930 degrees C (1600 - 1700 degrees F), occurs in a location where it is feasible to inject biosolids.  In older designs this temperature occurs in the rotating portion of the kiln where biosolids injection is not feasible at this time.

The biosolids are injected in the mixing chamber where exhaust gases leave the kiln and enter the pre-calciner tower. This mixing chamber offers the benefits of good residence time in the appropriate temperature window with high mixing efficiency.  Plants using BSI must have adequate fan capacity to accommodate the steam vapor created processing biosolids;  BSI is difficult to justify without  it.

Select Results of Demonstration Testing

During the nearly three years BSI was under development, the Cushenbury plant injected biosolids varying in solids content  between 16 and 30 percent.  The solids content had minimal impact on NOx reduction within the ranges tested.  The impact was noticed in the net Btu content of the material (after evaporating the moisture) of the biosolids.  Mitsubishi found that the energy value ranged between -400 and +1200 kcal/kg (-750 and +2200 Btu/lb). Since at typical moisture content the heating value of dewatered biosolids is relatively small in magnitude (small negative or small positive), the net effect on kiln fuel consumption is small.  In practical terms, whatever fuel benefits might be captured are neutralized by the increased electric load required to operate excess fans when using BSI.

Since the NOx reduction is based on reaction between the biosolids NH3  and flue gas NOx, the biosolids NH3  content is an important variable in the extent of emission reduction achieved.  Biosolids non-NH3 nitrogen (N) content is also important since this nitrogen will be converted to either N2  or NOx depending on operating conditions.  The biosolids used at Cushenbury vary in NH3  content from 0.12 to 0.24 percent, and non-NH3  content varies from 0.6 to 1.2 percent.

Tests conducted during Cushenbury’s demonstrations found that the plant could consume biosolids up to rates of 23 mtons an hour (25 tons an hour) with NOx reduction rates of 40 - 50 percent.  This level of consumption, however, affected the rate of cement production which was reduced by as much as 16 percent.  In order to maintain full capacity and consume larger volumes of biosolids, costly modifications to the plant itself would be required such as installation of larger industrial fans. This outcome was not acceptable to Mitsubishi’s management.

CEMENT INDUSTRY & GENERATOR PERSPECTIVES ON BSI

From the early development of BSI, the County Sanitation Districts of Los Angeles County worked with the CIEC and staff at Mitsubishi Cement Corporation’s Cushenbury plant.  The County Sanitation Districts of Los Angeles is one of the largest waste management agencies of its kind in the United States,serving about five million people with 11 treatment plants throughout the Los Angeles Basin. 

From the beginning, the Districts delivered dewatered biosolids cake to Cushenbury.  It also, from the beginning, supplied data and offered suggestions from its perspective as a generator.  And most importantly, the District,  exercised patience during the months it took for plant staff to successfully refine BSI.  In the first two and a half years of commercial operation, Cushenbury processed approximately 80,300 wet Mg (85,5000 wet tons) of biosolids.

The Districts found that BSI is similar to farming operations which impose scheduling constraints on biosolids application.  A cement plant will not store the biosolids it receives; it must be able to either use the delivery within several hours after it arrives from the generator, or turn the delivery away.  In essence, the principal limitation on BSI from the standpoint of a biosolids manager, is that it can only be used as an option when the cooperating cement plant is  making cement. 

Cushenbury is capable of holding 36 mtons (40 tons) of material or the equivalent of two hopper truck deliveries.  Other plants employing BSI in the future will probably also only build limited storage.  Biosolids managers or full-service intermediaries should plan to supply the cement kilns on a “rolling storage” basis.

As is the case with all industrial facilities, cement plants shut down for scheduled maintenance and occasionally face unscheduled shutdowns.  The length of the former will vary depending on a plant’s location (shutdowns for six weeks a year are typical for plants in the Northern Great Lakes or Canada; half that duration is typical for plants in warmer climates). Unscheduled shutdowns usually run for only a few hours or, at the outside, several days, but these events -- by definition --  can not be predicted.  A biosolids manager must always have back-up options available in order to use BSI.

BENEFITS TO GENERATORS

There are three practical reasons why a biosolids manager would use BSI: 

•
Economy;

•
Volume; and 

•
Beneficial use.

The fact that a cement plant can process biosolids cake as an ancillary business allows it to offer the service at attractive prices.  The added costs a plant will incur to bring BSI online are modest and will be recouped promptly through a tipping fee contract.  Almost no additional fuel is needed to run BSI; once a plant has been up and running no added personnel are required either.  (The operation at Cushenbury is almost completely automated.) Generators within reasonable hauling distance of an eligible cement plant will almost certainly be able to incorporate BSI into their programs.

The second reason for incorporating BSI into a biosolids program is that cement plants can consume large volumes of biosolids.  State-of-the-art cement plants should be able to process 60,000 to 70,000 wet tons annually -- including scheduled and unscheduled shutdowns.  This pace will be appealing to even the largest municipalities.  

Moreover, the biosolids are completely processed with no residual obligation.  Even the non-combustible components (e.g. metals) are accounted for by reporting to the kiln where they are bound into the cement crystalline itself.

BSI offers the advantages of incineration without its disadvantages. BSI requires no additional fuel since its processing of biosolids is an “add on” to the existing cement manufacturing process; the energy would consumed regardless.  Also, as noted, BSI leaves no ash residue as opposed to incineration which may be produce an ash anywhere from 30 to 40 percent of the original volume.  This residue must then be hauled to a landfill for disposal.

But the single feature which distinguishes BioSolids Injection from incineration is that BSI reduces deleterious air emissions while incineration generates  pollution.

The Cushenbury cement plant has one of the lowest levels of NOx emissions of any portland cement manufacturer in the United States. With ground-level ozone pollution (smog) a concern in most urbanized areas, it is likely that the introduction of BSI will be welcomed by air quality regulators around the world.

CONCLUSION

BioSolids is a promising beneficial use technology with applicability wherever a willing pre-calciner portland cement plant can be found near urban areas.  While there will be a natural resistance to introducing biosolids into cement manufacturing by many plant operators, tipping fees and air quality improvements has and will stimulate interest in BSI within the North American industry.

Efforts are now underway to educate the cement industry in BSI technology and the opportunities it offers manufacturing plants to enhance air quality while providing a valuable service to nearby municipalities.
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