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5. Pollution Abatement Measures

This section deals with pollution abatement (preventions) in the three media air, water and soil. Three types of interventions will be considered:

· In-plant modifications, which are changes that are performed in the plant to reduce pollutant concentrations in streams through recovery of materials, segregation and/or integration of streams, reducing the flow rate of the wastewater streams that need further treatment to reduce the hold-up of the required WWTP. 

· In-Process modifications, which are changes performed on the process such as the introduction of newer technology,  substitution of a hazardous raw material, performing process optimization and control. 
· End-of-pipe (EoP) measures, which involve treatment of the pollutant or its separation for further disposal. Whereas in-plant and in-process modifications usually have an economic return on investment, end-of-pipe measures will be performed for the sole purpose of compliance with the laws without economic. 

Egyptian Environmental Laws do not require water and energy conservation measures. These measures have been considered in this manual since resource depletion and hence conservation is a worldwide-recognized environmental issue that could be implemented in Egypt in the near future. Water conservation measures can lead to higher concentrations of pollutants in the effluent streams. Both energy and water conservation measures will provide both financial and economic benefits.

The term Cleaner Production (CP) refers to the same concepts of pollution reduction through in-process, in-plant and resource conservation, in contradistinction to end-of-pipe treatment. In many cases, the adoption of CP can eliminate the need for (EoP) treatment.

The oil, soap, and detergents industry sector has a great potential for implementation of cleaner technology measures. Newly installed factories employing manpower above 100 has acquired relatively newer technologies, which need little in-process or in-plant modifications and are carrying out end-of-pipe treatment to meet the requirement of environmental laws. However, medium size enterprises as well as public sector companies badly need the 3 types of modifications. Small private enterprises are using primitive technologies.

Control or abatement of pollution based mainly on efficient separation of materials- such as oil and soap- in neutralization unit, good utilization of materials which prevent over dosage that escape to wastewater and recovery of by products.

The following CP and EoP measures have been identified for the oil, soap, and detergents industry.

5.1 Air pollution

	Flue gases
	Particulate matter in flue (exhaust) gases are due the ash and heavy metal content of the fuel, low combustion temperature, low excess air level, high flow rate of flue gases. Sulfur dioxide is due to the sulfur content of the fuel. Nitrogen oxides are formed when maximum combustion temperature and high excess air. Carbon monoxide is formed when incomplete combustion occurs at low air to fuel ratio. 

The following measures can be adopted to minimize air pollution from flue (exhaust) gases:

· Replace mazout by solar or natural gas. Mazot is high in sulfur content.

· Regulate the fuel to air ratio for an optimum excess air that ensures complete combustion of carbon monoxide to dioxide.

· Keep the combustion temperature at a moderate value to minimize particulate matter and nitrogen oxides formation.

· Preheat the fuel to ensure complete combustion.




5.2 Work Environment Pollution Abatement Measures

	VOCs (hexane, benzene, kerosene,…)
	Using VOCs control equipment such as; adsorbents (activated charcoal)/ biofilters on exhaust systems, water scrubbers should be implemented where necessary to achieve acceptable odor quality for nearby residents.

 

	Soap Particulates
	Use bag filters to collect the soap dust emitted in the work place in the soap production unit.

	Benzene spills
	In case alkyl benzene is produced in the facility, benzene spills on ground, in work place, should be collected through ground traps, then accumulated in an underground reservoir and recovered by distillation (heating and condensation), it could be reused.



	Aldehydes & Ketones
	· To prevent the soap dust emissions in the work place, keep the temperature of the rollers between 100 - 105 oC, because over heating may cause emissions of volatile components such as aldhydes and ketones.

· Use suction system in the work place to prevent emissions during heating.



	Particulates Control
	· Using control equipment such as; Fabric filters, and dust collectors, to control particulates, from the processes, to below 50 milligrams per normal cubic meter (mg/Nm3).

· Feed the fuller’s earth dust by suction from the sacs to the bleaching unit.

· Using dust collectors, for soap particulates, in the soap production unit.

· In seeds cleaning process, screens shakers could be closed to prevent dust emissions.



	Cl2  or SO2 gaseous emissions
	· SO2 and Cl2 gases are scrubbed with dilute caustic soda solution, to form dilute sodium hypochlorite and sodium sulphite solution respectively. 



	HCl gas and acid mist or fumes
	· HCl gas which evolves in alkylator is removed by scrubbing with water, to form dilute commercial grade hydrochloric acid.

· Covering the barrels of HCl during processing.




5.3 Water Pollution Abatement Measures

	In-plant modifications
	· Segregation of process water from water of different production units. 

· Cooling water could be recycled as it is clean water.

· Collection of the oil leakage (specially from spillages in the bottling department) can be done easily from ditches by means of small bucket and recycled to the refinery for processing. For that point specially, There is a designed system for collecting the oil spills and recycling it again.

· Caustic soda barrels must be fully closed with lids to avoid leaching, leakage due to rains since such barrels are stored always outdoors. Also, it is possible to avoid the use of sodium hydroxide barrels and using caustic solution in closed tanks.

· Predictive maintenance approach is used to avoid any leakage from pumps, pipelines and connections. Double seal is used for pumps to avoid leakage.

· Continuous cleaning of heat exchangers and cooler condensers, to improve the condensation or separation, which intern decreases the emissions to air.

· Collection of spent lubricating oils and then it could be sold for petroleum to deliver it to recycling company.

· Oil losses during loading and unloading must be kept at minimum level by empting the vehicles completely and better control during handling.



	In-process modifications
	· Reduce the load of wasted mucillage by calculating the exact amount required of alkali and avoid crude pigment fixation (produced by bad storage conditions).

· Dry cleaning and removal of any solids must be carried out, using mechanical screens, before wet cleaning.

· Hexane consumption can be optimized by ensuring that cotton seeds are properly delinted. Also adjustment of seeds feed rate and modifications of solvent spray nozzles can improve extraction and optimize hexane consumption.

· In glycerin plant, accurate adjustment of temperature and pressure in the glycerin distillation unit to prevent polymer formation.

· Use of centrifuges for separation in degumming, refining, and washing sections instead of gravity settlers.

· Substitute any raw materials identified as hazardous or toxic specially in the boiler water treatment plant.

· Utilization of volatile distillate; this is the volatile matter produced in the deodorization unit. It contains fatty acids, ketones, and aldehydes. It can be used to produce copherol. The free acids have several uses in food and chemical industries.

· Improving the efficiency of the coolers condensers for good separation of volatile components in the deodorization unit, to prevent its losses, which finally emitted from the hot well.

· Lecithin can be recovered from gums produced in the degumming unit and sold to the food industry as an emulsifier.

· During the hydrogen production (for hydrogenation of oil), oxygen is generated as a by product. If generated in sufficient quantities, it could be recovered, compressed, and sold for use in medical sector.

· Prevent the formation of molds on edible materials by controlling and monitoring air humidity.

· Use citric acid instead of phosphoric acid, where feasible, in degumming operations.

· Improving the efficiency of the cooling system, by adjusting the condenser temperature, in the hexane recovery system, in the extraction and refining process, could minimize the losses of hexane.

· In glycerin recovery plant, HCl fumes and mist cause corrosion of the steel structure and pipe lines of the factory, to prevent the corrosion, using polyethylene (PE) or poly vinyl chloride (PVC) pipes.

· Detergents create problems in municipal sewerage plants due to excessive foaming and inability to reduce the organic load, soft detergents which are biodegradable (linear chain alkyl benzene) should replace hard ones (branched chain alkyl benzene).



	End-of-pipe treatment


	· In oil and soap plants, the wastewater is characterized by high levels of BOD, COD, and O&G. It could be treated using;

· High efficient oil and grease traps

· Gravity oil separators (GOS)

· Dissolved air flotation (DAF) unit

· Biological treatment unit

· In case of semi solid waste materials are present in wastewater, mechanical skimming is used.

· Reduce the pollution load discharging from the saponification unit by collecting the wastewater in pan and treating with fat to neutralize the caustic soda, boil with steam and allow to settle.

· Hot spent lye with some soap due to inefficient separation  causes overflow of foam on the floor, which is usually washed down causing problems in wastewater (inability of biological treatment). The solution is feeding the hot spent lye to a saponification unit with a predetermined amount of fatty acids to form soap.




5.4 Abatement Measures for Solid Waste Pollution

	Scrap from workshops and garage
	· Scrap metals are collected and sold.

· Off cuts and scraps from the manufacture of cans can be pressed and sold to metal processing factory.

· Damaged plastic bottles and cartons can be collected and sold for recycling. 



	Solid wastes from processes
	· Storage of raw materials; incoming seeds should be stored out of the rain and sun in a secure clean area, as seeds left in the sun will heat up rapidly, increasing the levels of fatty acids which will in turn increase the acidity of the extracted crude oil. The heat will also convert proteins and carbohydrates into fat soluble compounds, resulting in a strong color in the crude oil, which is difficult to eliminate. Use shelter or off the ground on palettes far from physical damage by passing vehicles and personnel. Also on the ground, seeds can become contaminated by dirt, stones, solid and liquid wastes, and subject to consumption by insects and rodents. Any seeds spills from sacs during handling must be gathered and reused.  

· Soap stock is stored in an open area. This constitutes a huge lump of dark solid. The entrained oil spread on the ground making it sticky and slippery. Soap stock has to be converted immediately to produce a lowest grade soap.

· In the soap production plant, pipelines carrying molten soap should be steam jacketed. If pipelines are not adequately protected and a power cut occurs, the soap will cool rapidly, solidifying and clogging the whole system. Use of a an emergency generator to be used in case of power cut off.
· Any waste is recovered and recycled to the saponification unit, through a closed loop operation system.

· Reduce soap dust losses by the following procedure:

· Charging the rubber gasket in the powder precipitator regularly to reduce the leakage.

· Recovery of soap dust from the floor using vacuum cleaner.

· Collection of soap dust in the work place using dust collector

· Discharge the contents of the powder precipitator directly to the powder soap unit by mechanical rather than manual means.

· Salt separated from glycerin unit should be used in soap production only and should not be used in other purposed. 

· Recovery of solid ingredients; animal fodder production unit is characterized by heavy dust emissions. This result in losses, clogging of machinery and generating unpleasant working conditions. Cyclone vacuum system could be used to recover particulates and recycle them to raw materials intake system.

· The used fuller earth may be used as conditioner for sandy soil to increase its water retention.

· Volatile fatty acids escaping from the deodorizer will accumulate on the surface of the hot well, and could be skimmed off manually or using traps/separators, could be used as an animal fodder constituent.

· Pitch formed in the fat splitting into fatty acids may be used as a waterproofing or paving material.

· Aluminum soap formed in glycerin plant can be used as metallic soap.

· In oil hydrogenation process, particulates of Nickel catalyst should be removed from the synthetic butter through filters clothes (clothes of cotton) and garckaskeen filter papers. The collected Nickel particulates should be safely disposed into a landfill.



	Sludges from water and wastewater treatment
	· Effluent treatment processes generate sludge. It can also be hazardous to health by absorbing pathogens that multiply in this favorable medium and toxins. Raw sludge is saturated with water, should be de-watered and disposed of into landfills.

· Sludge also generated from water treatment unit due to addition of lime and chemicals to water.




5.5 Water and Energy Conservation

Water and sewer service costs have been rising, and these increases can cut into profits. Using water more efficiently can help counter these increases.

	Water Conservation
	 Using proper techniques for washing equipments such as jets to reduce the amount of water consumption.

 Install water meters and monitor water use.

 Use automatic shut-off nozzles and mark hand-operated valves so that open, close and directed-flow positions are easily identified.

 Use high-pressure, low-volume cleaning systems, such as CIP (clean in place) for equipment washing especially for heat exchanger cleaning. 

 Install liquid level controls with automatic pump stops where overflow is likely to occur.

 Recycle cooling water through cooling towers.

 Minimize spills on the floor minimizes floor washing.

 Repair leaks.

 Handle solid waste dry.

   Recycle steam condensate whenever economically viable.



	Energy conservation measures
	 Coverage of uncovered heated vessels or tanks. 

 Insulation of steam lines.

 Installation of steam traps.

 Repair or replace steam valves.

 Use the optimum excess air to perform efficient combustion process

 Install pressure regulators on steam lines.

 Return steam condensate.

 Improvement of power factor and electrical circuits. 
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