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6. Self-Monitoring, Definition and Link to EMS

The Self-Monitoring System (SMS) primarily relates to measurements of process inputs, releases and environmental pollution levels, as well as process conditions (operation controls) that are directly related to the monitored emissions. Self monitoring is necessary for the plant to improve its economic performance by identifying the sources of wastes in raw materials, water and energy, which represent the main source of pollution. Thus, the plant would be able to implement pollution prevention techniques that could reduce production costs and minimize compliance costs that lead to an improved economic and environmental performance of the plant.

In addition, self-monitoring may include reporting of the results to the competent authorities.  Monitoring can be carried out by the industrial establishment or carried out on behalf and paid for by the industrial establishment.  The information obtained from the sampling component of the monitoring system must be recorded and the results reported to the appropriate internal and external decision-makers.

6.1   Benefits of SM

 In general, the benefits of self-monitoring results to the operators include:

· To raise awareness about the process performance and efficiency. 

· To have them ready for inspection by authorities.

· To provide inspectors with more reliable data to verify the single unrepresentative samples and/or measurements.

· To raise their awareness about impact of pollutants.

· To implement corrective actions if non-compliance occurs.

· To decide on raw materials, additives, fuels, and investment strategies.

· To identify trends in plant performance and setting alarms.

· To improve process efficiency.

These benefits refer to implementing an integrated environmental self-monitoring plan that comprises:

· Emissions monitoring, which covers releases to air, wastewater, soil, and solid and hazardous waste as well as regulated work conditions.  

· Monitoring of process parameters (operations controls) that are directly related to the releases e.g. temperature, pressure and humidity. In addition, process conditions e.g. shutdowns, maintenance operations and spills need to be monitored, linked to emissions and reported.

6.2   Scope and Objectives of SM

As previously indicated, environmental self- monitoring comprises the monitoring of environmental releases (emissions) as well as the monitoring of process parameters (operation controls) that affect the environmental impact of the facility. The objectives of each type are separately detailed as follows:

a) Emissions Self-Monitoring

The basic objective of self-monitoring is to provide information to ensure compliance with environmental regulations. As the inventory for hazardous materials and wastes is mandatory with procedures for handling and storage as regulated by law 4/1994, self-monitoring should assist in covering that area. The objectives of emission monitoring may go beyond monitoring compliance, to assist in improved environmental performance. In other words, monitoring of emissions at the process level is necessary to minimize emissions at the source through pollution abatement and prevention measures. While Egyptian regulations consider only concentration of the pollutants, self-monitoring may include pollution loads as well as the environmental impact on the receiving media. These data are required to assess the improvement of the environmental performance. 

b) Process Self-Monitoring (Operation Control)

In most industrial facilities monitoring of process operations already exists. Some process operation controls should be monitored for improved environmental benefits. The main objectives of process self-monitoring (operation control) is:

· Optimization of process operation an controlling the operating conditions

· Maximization of profit through:

·  Product development and operation

· Energy and water conservation

· Minimization of losses

· Planned maintenance and repair as opposed to emergency maintenance and shutdown

6.3    SM and Environmental Management Systems (EMS)

Aside or the regulatory aspects, SM has shown to be a necessary tool for the plant to manage its releases, control its environmental impacts and improve its environmental performance.  Such achievements represent the main objectives of the Environmental  Management Systems (EMS), which in turn constitute a requirement for internal monitoring, checking and implementing the corrective actions. Also, EMS encourages the industrial plants to adopt Cleaner Production (CP) and Pollution Prevention measures as the main tools for continual improvement. This can be achieved by implementing a comprehensive and effective SM plan.

The following sections highlight the concept of EMS, link to SM and link between SM and cleaner production.

6.3.1 The Environmental Management System (EMS)

An Environmental Management System (EMS) is a framework that helps a company achieve its environmental goals through consistent control of its operations. The EMS itself does not dictate a level of environmental performance of the company; each company tailors its EMS to its specific business goals. Compliance with environmental laws and regulations has become a major goal that has to be attained with minimum cost. This is the minimum level for environmental performance achieved through the EMS. In general, an EMS comprises five phases leading to continual improvement; commitment and policy, planning, implementation, evaluation and review. 

These phases will be herein explained within the context of the standard system “ISO 14000”, which is internationally recognized. With regard to Egypt, this system is being gradually implemented by the Egyptian Industry. The different stages of the EMS form a cycle (Fig. 29) that allows feedback of information and continuous improvement. This system includes the following elements:

1. Environmental policy. Top management commits to an environmental policy that comprises, as a minimum, compliance with laws and regulations, pollution prevention and continual improvement.. The policy is the foundation of the EMS.

2. Planning: A company first identifies environmental aspects of its activities. Environmental aspects are those items such as air pollutants or hazardous wastes that can have negative impacts on people and/or the environment. Once the relevant laws and regulations are determined, the company sets objectives and targets. An objective is an overall environmental goal (e.g. minimize use of chemical x). A target is a detailed, quantified requirement that arises from the objective (e.g. reduce use of chemical x by 25% by September 2002). The final part of the planning stage is devising an action plan for meeting the targets. This includes the schedule, and the clearly defined steps to meet the targets.

3. Implementation. This phase comprises the establishment of the structure, assignments and responsibilities of the designated personnel. An important component is employee training and awareness for all employees. Other steps in the implementation stage include documentation, document control, implementing operation procedure, and setting up internal and external communication lines. In addition, an emergency and preparedness plan has to be developed.

4. Checking and Corrective Action.  The company monitors its operations activities to ensure that targets are being met. If not, the company takes corrective action and keeps records for the emissions and environmental performance. Internal audit is a key element to improve the system.

5. Management Review. Top management reviews the results of the evaluation to see if the EMS is efficient and effective. Management determines whether the original environmental policy is consistent with company values. The plan is then revised to optimize the effectiveness of the EMS. The review stage creates a feedback of information necessary for continuous improvement. 











Fig. (29) Phases of EMS Cycle (ISO 14000)

6.3.2

Link between Self-Monitoring and (EMS)

As previously explained an EMS e.g. ISO 14000, comprises 5 stages; environmental policy, planning, implementation, checking and corrective actions. By analogy, the self-monitoring system (SMS) can be looked at using the same concept. Taking into consideration the definition, concept and principles of self-monitoring, as stated in the “Guide Book on Self Monitoring,  the elements of SMS can be rearranged as follows:

Commitment: In general, an effective self-monitoring requires the management of the plant be committed to environmental compliance, as a minimum. However, this commitment will be an integrated part of the environmental policy in the EMS, if exists.

Planning: The planning of the SM is mainly based on objective (s) that have been set. For a basic SMS, the objective would be monitoring of regulated parameters to assist in achieving regulatory compliance e.g. end-of-pipe emissions and discharges. In an advanced SMS, the objectives may include monitoring of operation controls as well as emissions and wastes at the source, to help in implementing pollution prevention and cleaner production measures. In all cases, the objectives of self-monitoring should be in line with the objectives of EMS, if exists. In such case, the self-monitoring plan can be part of the EMS plan and includes:

· Description of the regulatory limits for compliance 

· Brief description of the actual situation of existing monitoring activities (processes and parameters monitored):

- Devices, and equipment used (type of devices, and frequency of measurements)

- Available resources.

· Objectives and targets with time frame for implementation.

· Identification of parameters monitored, location of monitoring points and preparation of a self-monitoring schedule.

· Description of methods and procedures used for sampling, analyses, measurements, calculations, recording and data manipulation. 

· Description of tasks and responsibilities.

· Training program.

· Information flow.

Implementation: The implementation of SM means that the tools and mechanisms for collecting the relevant data are functioning. On the other hand, the implementation phase in EMS means that the environmental performance of the plant is improved.

The implementation of SM results in large amount of data that need representation, interpretation and reporting in order to be useful as tools for decision making for corrective actions. The decision making requires knowledge about the status of:

· Control and optimization of process performance (Process operating parameters)

· Emissions, effluents, solid waste, toxic and hazardous releases: concentration, load, handling procedures and transfers and comparison with environmental limit values (ELVs)

· Maintenance and repair.

· Percentage losses of raw materials, products and utilities.

Evaluation: Evaluation of the self-monitoring plan through regular auditing will allow its continuous improvement. Evaluation should include all aspects of the plan (training, meeting targets, reliability of data, efficiency of devices,…etc). On the other hand, the evaluation of the EMS involves checking and taking corrective actions of all system components, including the monitoring activities.

Review: On the basis of the evaluation of the monitoring plan, a review can be made of the monitoring objectives and targets. In case of EMS, the management review covers all the involved procedures, including monitoring activities. 

It is clear from the above explanation that self-monitoring is an integral part of any EMS. More specifically, self-monitoring is the tool for the evaluation function of an EMS. Figure (30) illustrates relationship and interaction among the main elements of EMS and SMS. 

6.3.3 SM Link to Pollution Prevention and Cleaner Production
With the growing understanding that escaping raw materials, chemicals and products constitute major pollution sources, industry has opted to implement pollution prevention measures at the source. These measures include in-plant and in-process modifications as well as resource conservation (minimization of water and energy consumption). The implementation of these measures will decrease the end-of-pipe treatment cost. However, plant management will have to undertake a cost-benefit analysis to determine which measures are economically viable. 

Self-monitoring is the tool that helps undertake these analyses by providing the necessary information about process inputs and outputs as well as the framework for performing the required tasks.

The introduction of emission monitoring for the purpose of improved environmental performance through the application of cleaner technology widens the objectives of the plant EMS beyond compliance with relevant laws and should be met with economic incentives from the part of the competent authorities.

6.4
Regulatory Aspects

In developed industrial countries e.g. Europe, the competent authorities must approve the monitoring program, specify the standards and quality requirements for self-monitoring that are to be achieved by the operator, and ensure those possibilities for cheating and fraud are minimized.  The competent authorities will receive self-monitoring reports periodically from the operator.  These should provide summary information, following data reduction, in a format facilitating easy comparison with permit limits.  Additionally, the competent authorities should inspect the operator’s self-monitoring records, including log sheets covering sampling,  analysis, instrumental monitoring, and data-reduction calculations.

6.4.1
SM and Environmental Register

According to law 4/1994, industrial facilities (operators) are required to keep a record of their inputs, outputs and releases in the environmental register as stated by which implicitly requires some sort of self-monitoring.  The Egyptian Environmental Affairs Agency (EEAA) is mandated to check the validity of the data in the Environmental Register. The responsibilities of the operator and the competent authority are not affected by who carries out the monitoring.  It is the responsibility of the operator to comply with laws and regulations.  On the other hand, the competent authorities (inspector) are responsible for assessing and ensuring the operator’s compliance.

When combined with Self-monitoring, Environmental inspection competent authorities benefits from combination of inspection with SM through:

· Utilizing the operator’s knowledge and experience of his process in planning and carrying out a monitoring program that can lead to improved control over releases to the environment.

· Self-monitoring will normally provide more information than may be obtained by periodic inspection by the competent authorities.

· Providing a mechanism for educating the operator about the requirements for complying with relevant laws, regulations and permits and for increasing of management responsibility for compliance and the impact of process releases on the environment.

6.4.2
SM and Inspection 

Self-monitoring does not constitute self-regulation. SM provides additional information on which the competent authorities can judge whether an operator is complying with relevant legislation and conditions of permits. It does not change the duty of the competent authority to assess compliance by means of inspection and by performing its own monitoring or choose to rely on the operator’s monitoring data or a combination of both. The competent authority continues to be responsible for enforcement.

As mentioned above, SM provides a wealth of information that can be utilized by the competent authority in reviewing standards and developing applicable environmental policies.

However,  the competent authority will have to check the reliability of the SM data. Thus, inspectors may be required to check the SMS plan, Quality Assurance and Quality Control (QA/QC) procedures, data handling and documentation. In this context, it is expected that inspectors may perform the following tasks:

· Check  the SM program.

· Check and verify the specified measurement standards.

· Check the reliability of the data (by carrying out independent monitoring).

· Inspect SM arrangements such as:

- The positioning and serviceability of fixed instrumentation and check representative ness of the monitoring. 

- Records confirming the maintenance and calibration of instrumentation and sampling equipment.

- Manual sampling and analytical procedures.

This expected interaction will help both partners i.e. the operator and the competent authority in achieving their objectives in terms of reliability of emissions data and environmental performance.


7.
Planning of SM

Planning for SM starts by setting the objectives. It should be clear that a number of process control parameters needs to be monitored, along with environmental monitoring. For the purpose of this manual environmental self-monitoring will be considered in addition to monitoring of process parameters that are related to emissions (operation controls). 

Compliance monitoring requires measurements, analysis and data on end-of-pipe releases, whereas operation controls target the production units that offer pollution prevention opportunities. The environmental manager with the help of various sector managers should carry out the planning activities. 

With reference to ”Guidebook for Industrial Self-Monitoring”, the main elements of the Self-Monitoring Plan, that describes the SMS, include:

· Objectives and results required from the self-monitoring system

· Organization and share of responsibilities and tasks

· Planning activities and design of an implementation schedule

· Definition of the parameters and relevant monitored indicators to reach the objectives

· Design of an appropriate measurement and sampling program

· Data processing and reporting procedures

· System for follow-up of decisions, actions and monitoring development

· Quality assurance and control

With reference to the Guidebook for Industrial Self-Monitoring the objective of the SMS can be limited to provide the data required for the Environmental Register which is mandated by the Environmental Law, e.g. total inputs, outputs and emissions on the plant level. This objective ”compliance with regulations” requires the ”Basic Self-Monitoring System” which comprises the minimum requirements. In these cases where self-monitoring is not mandatory, operator can build a ”basic” self-monitoring system that focuses on the regulated emissions, as a minimum. Then, the system can be gradually upgraded, ”continual improvement” through internal auditing of all system components. Other objectives, e.g. waste minimization, pollution prevention and improved environmental performance require upgraded SMS that includes monitoring of inputs, outputs and releases on the level of operations and detailed processes. In all cases, the established SMS should be gradually improved and upgraded, considering the plant financial and economic constrains.

The following sections are detailing the stepwise activities that are needed to develop a viable realistic, and applicable plan  for a self-monitoring system.
 Fig. (31) presents the various steps for the preparation and implementation of a self-monitoring plan. 


7.1
Assessment of Existing Monitoring Capacity

Assessment of existing monitoring capacity includes the following aspects:

· Management system: presence of an EMS, existing system for data collection and reporting. 

· Human resources: available personnel, level of training; motivation.

· Technical resources: monitoring equipment and laboratory, status of equipment

· Financial resources: available budget for self-monitoring activities.

Table (17) presents an example of a checklist for existing self-monitoring activities.

Table (17) Example for Assessing the Status of Existing Monitoring Activity

	Monitored activity
	Location
	Parameter
	Associated tasks
	Person in charge
	Time schedule

	Wastewater
	Final discharge 
	Flow rate
	Recording flow on flow meter
	 Operator X


	Daily

	
	
	
	Inspect meter
	 Supplier
	

	
	
	
	Calibrate
	Operator Y
	

	
	
	
	Data analysis, representation


	Lab staff
	

	
	
	BOD, COD, TDS, TSS, S.S, O&G, pH, color, heavy metals 
	Grab sample
	Lab technician
	Once a week

	
	
	
	Sample preservation
	Lab staff
	

	
	
	
	Analysis
	Lab staff
	

	
	
	
	Review results and reporting
	Chief of Lab
	


7.2
Identification of Key Parameters

The identification of key monitoring parameters requires an understanding of the manufacturing processes and the operation of the various units. The brief description provided in section 2 and the relevant tables can help identify some of these parameters. However, a pre-monitoring audit is necessary to determine sampling and measurement locations and schedules needed to design the self-monitoring plan. Priority should be given to parameters that determine compliance with environmental laws. A table describing the monitoring activities can be prepared for process and compliance monitoring.

The exact positions of the monitoring points within the production line have to be determined on a case by case basis by production experts, according to the following criteria (SM Guidebook, EPAP 1999):

· Representativeness of the monitoring point. 

· Criticality of the monitoring point

· Accessibility of the monitoring points 

The choice of the parameters is determined by the type of production, the legal requirements, the nature of the pollutant and its load, and the importance of the parameter for decision making. For each of the proposed parameters the trends and variations should be monitored in addition to the value of the parameter at a given time.

7.3
General Data Required

When assessing the performance of the operation and its impacts on the environment, some basic information is needed to put the monitoring data into the context of interpretation. Such information is about:

· Identification : Name, address, plant location, name of owner, manager and head of environmental department.

· Inputs name, type and amount: Raw materials, chemicals, fuels, water, steam, electricity.

· Technology: Description of process, applied technology, operating conditions (temperature, pressure, …etc.), maximum capacity, operating capacity during monitoring.

· Outputs name, type and rate: Products, by-products.

· Abatement techniques: Air pollution prevention, wastewater treatment, solid and hazardous waste management, noise abatement.

· Emissions and their sources: receiving media, pollutant type, concentration and load, pollutant impact.

· Existing EMS system, analyses and measurement results, relevant environmental laws and allowable pollutant levels. 

· Assessment of legislative and regulatory requirements.

7.4
Data collection, Manipulation and Reporting

Data collection and analysis should be carefully planned according to the following principles:

· Base the analysis on trends over a long period to take into consideration the shock loads that characterize the paints industry.

· Determine the causes and degree of variability of a parameter. A dramatic change of a low-variability parameter may be interpreted as a sign of anomaly of the process. This will require an investigation to find the potential source of the problem and take the right corrective action. 

· Study the correlation between different parameters. The cause of variation for a highly variable parameter may be correlated to another parameter.

A considerable amount of data may be generated by the operator carrying out self-monitoring especially when continuous monitoring instrumentation are used. Data reduction is necessary to calculate time-averaged means, percentile values and the like. When compliance data are recorded in the environmental register the relevant calculations for data reduction should be specified. 

Measured values are used to form half-hourly mean values for each successive half-hour to generate frequency distribution. For each calendar day a daily mean value, related to the daily operating time, is calculated from the half-hourly mean values and kept on file. 

Measurement results should be kept in the environmental register for at least 10 years (Article 22 of law 4/1994 and 17 of its executive regulations).

An annual report is prepared on the outcome of the measurements including information on:

· Measurement planning

· The outcome of each individual measure

· Measurement methods used

· Operating conditions that are important for the assessment of individual data and measurement results.

7.5
Criteria for Selecting Monitoring Method

The choice of monitoring method used to determine the value of the parameter depends on the specific features of the process, the emission sources, the physical state and properties of the sample and the nature of emissions from the operation. The latter can be classified as:

	End-of-pipe Normal emissions (point source)
	Occur during normal operation and normal process and abatement technique conditions. These emissions are generated from point sources (e.g. flue gases from stacks (boilers, and Dow-therm oil heaters), process vents (reactors), boilers blow-down, softeners back-wash, spent solvents (equipment cleaning), …etc.



	Diffuse and fugitive emissions
	These are emissions from a certain process but from scattered points such as emissions from ventilation ducts, barrels, pumps, valves, compressors, scattered small storage’s. The diffuse emissions are calculated/estimated by monitoring the source periodically and assessing the long term emission from the measurement results or by mass balance calculations.



	Exceptional emissions (start-up, shut-down, maintenance, malfunction)
	Exceptional emissions refer to varying input or process conditions, start-ups, shut-downs, by-pass of a process for malfunctioning and accidental causes, and maintenance operations.

The emissions can differ from those of normal operation in their volume and/or concentration. These emissions can be multiple compared to normal emissions. It can be impossible to measure the concentration or volume of the exceptional emissions as the measuring device is calibrated according to the normal operating conditions. Estimation techniques should then be performed.


There are four basic methods that may be used to develop estimates:

· Direct or indirect measurement

· Mass balance

· Emission factors

· Engineering calculations

7.5.1   Direct or Indirect Measurement

a) Direct measurements: Using monitoring data or direct measurements is usually the best method for developing chemical release and/or other waste-management activity quality estimates. Data may have also been collected for the facility through an occupational health and safety assessment. If only a small number of direct measurement data is available or if the monitoring data are not based on a representative sample, another estimation method should be used to give a more accurate result.

	Note : Treatment Efficiencies

Supplier data on treatment efficiencies often represent ideal operating conditions, should be adjusted to account for downtime and process upsets during the year that would result in lower efficiencies. Efficiencies  reported by supplier are often general and may not apply to specific chemicals. For example, an incinerator or flare may be 99.99% efficient in destroying organic chemicals, but will have a 0% efficiency in destroying heavy metals. 


For successful measurements the following considerations should be satisfied:

· The frequency of measurement and sampling must cover temporal variations of the process and specifically the period during which harm occurs.

· Continuous monitoring is suitable for large emission sources, such as stacks and wastewater canals except in cases where high temperature or corrosive substances are involved. At smaller sites the cost of continuous monitoring is weighed against the value of the monitoring results and the possibility of obtaining representative results from periodic measurements.

· Utilization rate (percentage of continuous monitoring time to total operation time) should be known when performing continuous monitoring.

· The process conditions must be specified when monitoring takes place (e.g. start-up, shut-down, production rate, operating production lines, failure of abatement equipment).  

b) Indirect measurements: These are performed through surrogate parameters.

Surrogate parameters are variables that can be closely related to conventional direct measurements of pollutant releases or impacts and which may therefore be monitored and used instead of direct values for some practical purposes. Surrogates are commonly used in operation control as they give an early warning of possible abnormal conditions or emissions. Surrogates may provide a relative measurement rather than an absolute value and may only be valid for a restricted range of process conditions. On the other hand, surrogates can provide more continuous information than direct measurements. It is also often cost-effective as it allows more discharge positions to be monitored for the same resources. Table (18) summarizes the advantages and disadvantages of surrogate parameters. A surrogate can be used for compliance monitoring purposes if all the following conditions are met:

· It is closely and consistently related to a required direct value (e.g. fuel sulfur vs. directly measured SO2, relationship between opacity and particulate concentration, condenser temperature and VOCs emissions).

· It is regularly calibrated against the direct value.

· It is cheaper or easier to monitor than the direct value, or gives more frequent information

· Its value can be related to specific limits

· The process conditions where it is measured matches the conditions where direct measurements are required.

· Any extra uncertainty due to use of surrogate is not significant for regulatory decisions or process management.

Table (18) The Advantages and Disadvantages of  Surrogate Parameters 

	Advantages
	Disadvantages

	· Cost savings.

· More continuous information e.g. continuous opacity vs. periodic dust sampling.

· Allow more positions form discharge monitoring.

· Sometimes more accurate e.g. fuel sulfur vs. SO2 .  
· Give early warning of possible abnormal emissions e.g. combustion temperature warns for increase in dioxin emissions.

· Causes disruption to process operation.

· May combine information from several direct measurements e.g. temperature indicates energy efficiency, emissions and process control.
	· Need cost for calibration against direct values.

· May provide relative measurement rather than an absolute value.

· May not valid only for a restricted range of process conditions.

· May not command as much public confidence as direct values.

· Sometimes less accurate.


7.5.2   Mass Balance

A mass balance involves determining the amount of chemical entering and leaving an operation. The mass balance is written as follows:

	Input + Generation = Output + Consumption




· Input refers to the materials (chemicals) entering an operation. For example, caustics added to equipment wash water would be considered an input to the wastewater treatment operation.

· Generation identifies those chemicals that are created during an operation. For example, when nitrogen sources are used in biological wastewater treatment systems, additional ammonia may be produced (generated).

· Output means any stream by which the chemical leaves the operation. Output may include on-site releases and other waste management activities to the environment, storage, or disposal ; or the amount of chemical that leaves with the final products. In paints manufacturing operations, for example, pigments in the paint may leave the operation as product losses and leakages, on the ground that could be sent to sewer, and in the cleaning solvents/ solutions (waste effleuent), or emissions in the work environment that could be collected into the filters and sent for disposal.

· Consumption refers to the amount of chemical that is converted to another substance during the operation (i.e., reacted). For example, caustic soda would be consumed by a neutralization process during wastewater treatment.

The mass balance technique may be used for manufactured, processed, or otherwise used substances. It is typically most useful for chemical that do not become part of the final product, such as catalysts, cleaning solvents and alkalis. For large inputs and outputs, a mass balance may not be the best estimation method, because slight uncertainties in mass calculations can yield significant errors in the release and other waste management estimates. Therefore mass balance is not accurate enough method for estimating process and combustion emissions.

Material balance calculations are also used to examine the effects of emission reduction on the material balances of the plant. A material balance calculation gives an impression of the magnitude of the emission of a specific substance but can not show accurate emission amounts, nor their division between emissions into the air, water discharges, or solid wastes. Material balance calculations are often based on evaluated process flows and concentrations. Calculating a reliable average emission level for a factory means long term monitoring of the processes and statistical examination.

7.5.3    Emission Factors

An emission factor is a representative value that attempts to relate the quantity of an emission released with an associated activity. These factors are usually expressed as the weight of emission released divided by a unit weight, volume, distance, or duration of the activity (e.g. kg of emission released per kg of product). Emission factors have been developed for many different industries and activities. Emission factors depend on the technology used, raw materials , and pollution control devices. Emission factors can be obtained from industrial database e.g. DSS (available at EEAA).

	Note

Sources of information on emission factors should be carefully evaluated and the conditions for using the factors reviewed to determine if it is applicable to the situation at the facility.


7.5.4    Engineering Calculations

Engineering calculations are assumptions and/or judgments used to estimate quantities of listed chemicals released or managed. The quantities are estimated by using physical and chemical properties and relationships (e.g. Raoult’s law, Ideal gas law) or by modifying an emission factor to reflect the chemical properties of the toxic chemical in question. Engineering calculations rely on the process parameters; thorough knowledge of the operation is required to complete these calculations.

Engineering calculations can also include computer models. Several computer models are available for estimating emissions from landfills, wastewater treatment, water treatment and other processes.

8.
Monitoring of Raw Materials, Utilities and Products

Inputs and outputs data is needed for estimating the nature and amount of the releases when assessing the reliability of the monitoring results. The input data includes the quantity and quality of raw materials, chemicals, fuel and water used.

8.1     Raw Materials and Chemicals 

The amount of raw materials received per day and cost/kg are important monitoring parameters. The quality of raw materials is assessed by chemical tests before acceptance. Some factories store the rejected raw materials until it sent back to the contractor (Table 19).

Table (19) Monitoring of Raw Materials and Chemicals

	Parameter
	Monitoring Method
	Indication

	Amount of raw materials and chemicals (pigments, fillers, binders, solvents, driers, plasticizers, …etc.) necessary to produce 1 ton of product.


	Weighting, measuring, calculation and material balance, book keeping and recording.
	Rationality in the use of raw materials.

	Quantity of rejected raw materials per unit of product.


	Weighting, measuring, calculation and material balance, book keeping and recording.

  
	- Losses.

- process efficiency.

- storing or handling problems.

	Quality of raw material
	Specific criteria (Analysis):

· Pigments

· Assay (metal content

· Oil absorption

· Fineness (grindness)

· Color (full, reduced)

· Moisture content

· pH

· Specific gravity

· Coverage

· Fillers (extenders)

· Oil absorption

· Fineness (grindness)

· Color (full, reduced)
· Resins/polymers/oils

· Non-volatile %

· Acid value

· Iodine number

· Viscosity 

· Color
	- Avoiding possible production problems due to bad quality.

- Maximize productivity.

- Minimize the quantity of refuse products.

- Identifying raw materials harmful for the environment if discharged with the wastes generated. 




Table (19) Monitoring of Raw Materials and Chemicals (continue)

	Parameter
	Monitoring Method
	Indication

	
	· Emulsions
· Non-volatile %

· pH

· Viscosity 

· Solvent

· Specs distillation range

· Specific gravity

· Boiling point

· Refractive index 

· Color

· Dryers

· Metal contents

· Evaluation of drying speed (non-volatile percent)

· Specific gravity

· Dispersing agents
· Wet ability

· Specific gravity

· Refractive index

· Evaluation of drying speed (non-volatile %)

· Antifoaming agents

· Specific gravity

· Evaluation of drying speed (non-volatile percent)


	

	Cost of the raw material necessary to produce 1 ton of product.


	Book keeping
	Assess economical burden due to non rational use of raw material and possible avoidable extra costs.

	Proportion of the cost of raw material in the cost of product & its variation
	Book keeping
	Assess economical burden due to non rational use of raw material.


8.2
Utilities

Monitoring of energy consumption takes into account the different forms of energy. It is important to note that heat and electricity cannot be summed up, as they are not commensurate. The energy efficiencies of heat and electricity should therefore be dealt with separately (Table 20).

Table (20) Monitoring of Utilities

	Parameters
	Monitoring Method
	Indication

	Energy consumption per ton produced 

· Electricity 

· Fuel
	Consumption

measurements and book keeping


	Energy use efficiency

	
	Fuel flow

(gauge accumulator)


	

	Repartition between the different types of energy used (steam, heating oil).


	Recording and book keeping
	Energy use efficiency

	Water consumption per ton of product and its variability.


	Flow measurements, book keeping and recording


	Water use efficiency, most of the discharge related parameters are calculated

	Quality of the utilities
	
	

	Steam :

Pressure level

Degree of saturation.


	
	

	Wash water :

Pressure, temperature

 
	According to the specific criteria
	Impact on the smooth running and efficiency of processes

	Boiler water: 

quality


	
	

	Electric power :

Voltage level
	
	


8.3
Products

The most important parameters that need monitoring are presented in table (21)

Table (21) Monitoring of Products

	Parameters
	Monitoring Method
	Indication

	Amount produced

· Final product (water-based paints, solvent-based paints, resins, varnishes, and inks) 


	Recording and book keeping:

· Paints

· Viscosity

· Density

· Grindness

· Gloss

· Drying time

· Coverage

· Mechanical hardness

· Bending

· Impact on metals

· Cross-cut adhesion

· Film application

· Color

· Resins
· Non-volatile %

· Color

· Viscosity

· Acid value

· Iodine value

· Specific gravity

· Drying time

· Gloss

· Hardness

· Flexibility

· Packaging stability


	Production statistics

	Rejects as a percentage of the total production, per unit of time

· Final product ( out of specification, expired date)

· In- line rejects
	Recording (quality control)


	Production quality, avoidable expenses


9.
Operation Control 

Processes should be operated at the optimum operating conditions to ensure disturbance-free operation, safety, highest yield and productivity as well as product quality. Operation control deals with the control and monitoring of key parameters that affect environmental performance. These key parameters are monitored to minimize losses and therefore pollution.

Planned maintenance (regular)  is important to facilitate disturbance-free operation as well as minimize pollution and improve environmental performance.

9.1
Monitoring Process Parameters

Tables (22) a and b present the major processes in each production line and utility respectively, and the parameters that should be monitored to minimize losses, maximizing productivity and predict maintenance and repair needs.

Table 22 

9.2
Planned Maintenance

Maintenance can be classified broadly into planned and emergency maintenance. Various types of planned activities (preventive, predictive) are undertaken with the basic objective of avoiding the need for emergency (breakdown) maintenance and the corresponding loss of plant profitability. The cost of an unscheduled breakdown resulting in loss of production can be substantial, and the cost of repairs may also be considerably higher than the cost of routine, planned maintenance of the equipment. A PM (preventive  maintenance) program must include the following basic elements (Table 23):

·  Inventory of equipment with detailed design and operating parameters. The operating parameters are monitored and are indicators for predictive  maintenance.

·  A record of failure rate and causes

·  Evaluation of condition of equipment using the following criteria:

· Maintenance cost per unit of product.

·  Downtime due to maintenance 

· Percent of planned maintenance hours as compared with emergency maintenance

·  Determination of corrective actions.

It is clear from the above paragraph that maintenance is a pollution prevention measure as it increases the efficiency of the unit, minimizes water consumption by preventing leaks, helps conserve energy through proper maintenance of electric and mechanical equipment as well as insulation of steam pipes. The following are examples of typical maintenance procedures for some service units operated in chemical plants:

	Compressors
	Routine checking should include:

· Testing for leaks

· Checking refrigerant charge

· Checking oil level and lubrication



	Boilers and steam lines
	There are many items to be checked to prevent explosion, such as checking operating procedures, detection of flame failure, detection of unburned combustibles. With respect to energy conservation, the maintenance of steam traps, steam valves and insulation of steam lines is important. The following parameters should be monitored:

· Water level in the boiler

· Water quality to prevent the build up of scales that reduce heat transfer rates

· Temperature of metal, gas and water

· Pressure

· Fuel to air ratio



	Dow-therm oil heaters
	The primary consideration in the maintenance of heaters is to avoid conditions that might result in an explosive fuel/air mixture. 

· Check the fuel supply for leaks 

· Check air supply for leaks

· Check the flue gas temperature.


Table (23)  Monitoring and Preventive Maintenance

	Parameters
	Monitoring method
	Indication

	Total number of shut downs and production interruptions.
	Recording number and reason for shut down.
	Overall assessment of the process reliability and avoided environmental loads.

	Number of equipment  failures resulting in production shut down per type of process and type of equipment.


	Recording number and reason for failure.
	Critical equipment.

	Process performance monitoring.

 
	Methods depending on the performance criteria.


	Process performance/ efficiency of equipment.

	Process equipment condition monitoring.
	Numerous methods, inspection, testing.


	Prevention of failures.


10.
Environmental Monitoring

Environmental Monitoring covers emissions to air, effluent and solid and hazardous wastes. Section 4 presents the various laws and regulations that apply to emissions, effluents and wastes from the paints industry. Expected pollutants and hazardous releases from the industry are specified in section 2.4. For each production line related pollution aspects are identified in section 2.2., Figures 22-27 The pollution aspects of service units are presented in section 2.3 and Figure 28 The output from the measurements and analysis of the parameters are recorded in the environmental register of the facility. 

Tables 24, 25, 26 present the compliance monitoring activities for the different aspects of pollution as per environmental laws.

Monitoring of pollutants and releases requires careful consideration of the techniques being used because of the expected effect on the interpretation and hence, the reliability of the collected data. The common techniques used in monitoring will be explained in next section.

10.1
 Emission to Air

Air emissions can be measured either on periodical or continuous basis, the monitored parameters for point source combustion emissions are : NOx, SO2, CO, CO2, ashes, and particulates. Parameter monitored fugitive emissions depend on the specific production process.

Periodical measurements

Periodical measurements give the state of emissions over the chosen sampling time. Quantities needed in every emission calculation, such as volumetric flow rate, oxygen content, and humidity of the flue gases, are determined by periodical measurements. Periodical measurement results are also used as a support for converting the continuous concentration measurement results into annual emissions. 

Periodical measurements are carried out as manual single measurements or as short period continuous measurements by the plant itself or by an exterior measurer.  Periodical emission measurements are carried out annually for the following emission components NO ​​​x, SO​​​2,  CO, CO​​​2  and particulates.

Continuous measurements

The continuous measurements describe the temporal variation of the concentrations and volume of the emission components during the operation.

General requirements for continuous monitoring systems are that the sampling locations should be representative and that the monitoring equipment should be suitable for the concentrations to be monitored in the prevailing circumstances. The emission control data system should preferably be part of the process control system.  SO​​​2,  particulates and CO are generally measured continuously.

Emission calculation

Differences between the different calculation methods can cause mistakes when comparing the environmental loads of different plants.  Material balance calculations are used to complete emission measurements in order to get an impression of the reliability of the measurement results as well as to create a general view of the total emission level of each component. The amount of diffuse emissions that can not be recorded by emission measurements can be substantial.

 10.2
Effluents (wastewater)

The regulations set the limits for the concentrations of specific pollutants in wastewater when discharged to a recipient body. For monitoring purposes, the discharge values for specific substances or parameters are mostly expressed as total amounts per unit time. In some cases these values are given as specific amounts per ton of product or as purification efficiencies. Limit values are set for a large number of parameters such as COD, BOD5, O&G, TDS, TSS, pH, color, heavy metals (iron, copper, chromium, cadmium, lead, zinc, nickel, …).

Monitored parameters

Typical wastewater parameters include the following:

· Wastewater flow (Q), m3/d

· Total suspended solids (TSS), mg/l

· Total dissolved solids (TDS), mg/l

· Oil and grease (O&G), mg/l

· Heavy metals (iron, copper, chromium, cadmium, lead, zinc, nickel, …), mg/l

· Chemical oxygen demand (COD)

· Biological oxygen demand (BOD5)

· pH

· Color

Flow measurement

Measuring of the total wastewater flow is required for the operation of the wastewater treatment plant. There have been no provisions on the procedures or the accuracy of a flow measurement, but installation of automatic composite samplers (preferable flow dependent) can be used. Wastewater flow is usually measured with a venturi measurement equipment, but also magnetic and ultrasonic methods are used. Measurement equipment is maintained several times a year and the measurement system is calibrated regularly.

Regular maintenance, control and calibration are needed to obtain an  acceptable measurement accuracy level. The structure of the measurement system, a possible mounting fault or a false choice for measurement area can cause errors. Other sources of error or factors disturbing the measurement are dirt deposition and temperature variations. Evaluation of the total error is extremely difficult, as it must include all these factors.

Sampling

Well realized sampling is essential for determining of wastewater discharges. There are general instructions for wastewater sampling. However, industry-specific problems such as variation of the wastewater quality or flow rate have to be solved case-by-case. 

Samples are either single grap samples, composite samples, or composite samples in proportion to the flow. A single grap sample reveals the composition of the wastewater at the sampling time. With several grab samples it is possible to follow the wastewater load peaks, quality variation and the variation range of the significant parameters. A composite sample reveals the average composition over a chosen period. A 24 hour composite sample is normally taken in proportion to the flow so that the sampler is controlled by flow meter.  

Sampling period and sample size are considered case-by-case depending on the analyses used and on the issues affecting the reliability of sampling and analyses. Samples for wastewater analysis are mostly taken over 24 hours, 5-7 days a week. In some cases samples are frozen and combined to cover a longer period. Samples for COD and suspended solid determination are taken daily or continuously and analyzed daily. Samples for BOD and nutrient determination are usually taken weekly. PH, temperature, and conductivity are usually measured continuously.

Analyses

A specific analysis program is needed for each plant.  The program usually covers a wide range of measurements and analyses, as predetermined in the self-monitoring plan. The measurements and analyses should be carried out according to the standards recommended by EEAA “Methods for sampling and Analysis of Water and Waste Water” October 1999”

Calculations

Wastewater discharges are calculated and reported according to the specifications determined in the monitoring plan. Discharges are often calculated as below: 

	Discharge per batch
	The equipment cleaning wastewater or solvents can be calculated as follows; amount/ equipment * number of equipment *  average number of batches / day.



	Discharge per day
	The arithmetic mean value of the daily samples taken during one month divided by the number of sampling days.



	Discharge per month
	Daily discharge multiplied by calendar days.



	Discharge per year
	Sum of the values of monthly discharges


The efficiency of biological wastewater treatment is also controlled by calculating the reduction of organic matter (BOD,COD) between untreated wastewater before primary sedimentation and treated wastewater after secondary clarification.

A typical wastewater discharge monitoring report includes e.g. monthly mean values and variations for discharges at the monitoring points before and after the treatment, applicable limits values and also some production information.

10.3
Monitoring of Solid Wastes

The properties of solid wastes that are generated, especially when they are utilized or taken to a landfill, have to be investigated. The general principles in landfill operation are that the composition, leachability, long term behavior and the properties of the waste have to be known. The approval for using a landfill for a specific waste is based on the origin and the properties of the waste. The evaluation of the properties of the waste is based on:

· The composition of the waste.

· The organic content and degradation properties of the waste,

· The content and leachability of harmful compounds, and

· The ecotoxicological effects of the waste and the landfill waters

Table (25) presents a compliance monitoring plan for the solid wastes.

10.4
Monitoring of Hazardous Wastes Management

In order to comply with the law regulations, the industrial establishments are required to take all necessary measures to properly manage their hazardous waste on site. Law 4/1994 and its Executive Regulations address the measures to be implemented at the different stages of the management process starting from the reduction of waste at source through to identification, collection, on-site storage, on-site treatment, transport for off-site disposal, as well as keeping records (Environmental Register).

Following are the main requirements to be implemented by an industrial establishment generating hazardous waste. These requirements are summarized in table (26). Details for these requirements are presented in sections 4.2.2 through to 4.2.10 of the EPAP Hazardous Waste Management Manual for Industries, 2002.

Figure (32) shows the hazardous waste management options for paints industry.

Table 24

Table 24

Table 25

Table 26



11.
Data Collection, Processing and Usage

The general objective for the self-monitoring system is to produce data that is representative, repeatable, reliable, compatible and comparable. These characteristics are dependent on the applied measures for quality control and quality assurance throughout the data production chain i.e. volume determination, sampling, sample pretreatment, treatment and analysis, data processing and reporting.

11.1
Data Collection and Processing

The different parts of the monitoring system of a plant include diverse factors affecting the reliability and comparability of the emission data. These factors have to be taken into consideration in sampling, sample treatment and analysis as well as in processing and reporting of the data. Requirements for the whole data production chain should be set in the monitoring program. In addition, implementation of the relevant measures for quality control and quality assurance is extremely important in obtaining maximum reliability, repeatability and comparability.

The aspects and parameters that are involved in data collection and processing are explained in the Appendix A. Figure (33) shows the main aspects and parameters that affect the effectiveness of SM in terms of reliability, repeatability and comparability.  

11.2
Using SM Outputs

The implementation of the self-monitoring plan will basically result in three outputs:

· Data and information about the facility

· Preparing the environmental register as required by law.

· Reports describing results of the self-monitoring and problems faced during implementation

· Feed back and decision making



11.2.1
Techniques for Summarizing and Illustrating Data

It is best practice to record process and environmental information in a detailed archive or database. It can then be related easily to the monitoring results and used to evaluate, compare and manage aspects of process performance such as:

· the rate of release of pollutants compared to production

· the rate of generation of waste compared to production

· the rate of consumption of energy and/or materials compared to production

· the impacts on environmental receptors compared to production or to their sensitivity 

· the overall resource efficiency of the process, i.e. production compared to inputs or raw materials and energy, and outputs of pollutants and waste

There are many techniques used in the interpretation of results (e.g. statistical analysis of the measurement results, reduction of operating conditions to normal conditions when monitoring gaseous emissions). 

11.2.2
Environmental Register 

Only monitoring data related to compliance will be included in the environmental register. Description of the measuring and/or analytical techniques used should be reported as well as the location of sampling and measuring. EEAA/EPAP prepared a detailed description of the environmental register, based on the requirements of law 4/1994, see Annex B. The competent authorities could request the inspection of the measuring devices to check their operability and the maintenance record for these devices. The procedures for taking samples could also be checked by the inspector. The inspectors check whether the facility has provided information that is relevant and of sufficient quality. To assess compliance, a simple numerical or statistical comparison between the measurements, their uncertainty and the limit value is performed.

According to Law 4/1994, compliance self-monitoring data should be recorded and kept for a minimum of 10 years.

11.2.3
Reporting

Description of the reporting scheme, its content, recipient and purpose should be included in the self-monitoring plan. A monitoring report is a uniform presentation of data over a fixed period. An annual monitoring report that provides information of the past calendar year is always required. Shorter period reports are required for significant polluters. The conditions of the process and equipment as well as location of monitoring points should be specified. Reporting can be:

· Internal to inform management and raise the environmental awareness of the facility personnel. It should include problems met during the implementation of the SM plan to be used in decision making. 
· External for the competent authority. based on the environmental register, establishments are required to report on environmental violations.

11.2.4 Internal Auditing and Conclusions on Results

The data obtained must be compared regularly with the objectives written down in the monitoring program to check that they are being met.

11.2.5
Feedback and Decision Making

Feedback on the assessment of compliance based on the monitoring results should include all parties involved with the monitoring activities. The participants should make the necessary improvements and corrections to the next monitoring program. 

In those parts of the monitoring program where compliance is met, possible reduction in frequency of monitoring can be considered and instead move resources to parts that need more accurate monitoring, e.g. borderline or non-compliance situations. 

Feedback should include all parts of the monitoring program, process, product control, maintenance, environmental management and occupational safety. Detailed requirements should be set for the improvements needed and a date fixed for their implementation.  

11.2.6
Using Outputs in Public Relations

The monitoring data is refined and distributed to the end users such as national and international reporting, research and statistical purposes, citizens, and the media.

The citizens have the right to present complaints about the health or environmental impacts caused by the operation these complaints are directed to the permitting and supervising authority.

Monitoring data is needed e.g. in national research and statistics, for planning and evaluation purposes, by national group organizations and the media.
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Fig. (30) Relationship between EMS and SMS
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Fig. (31) Steps for the Preparation and Implementation of a Self-Monitoring Plan
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Figure (33) Parameters Affecting SM Reliability
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Figure (32) Hazardous Waste Management Options
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