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Sub-sectoral Environmental Guidelines
INDUSTRIAL EQUIPMENT & MACHINES 

PROCESS DESCRIPTION

The production of industrial equipment and machinery involves the
manufacture and assembly of the final product from a number of metallic,
plastic and electrical components.  Therefore, a wide range of industrial
processes are often involved including metal cutting, pressing, polishing,
grinding, plating, painting, etc.  These processes and activities may utilise
hazardous materials such as machine and cutting oils, solvents for degreasing
applications, paints, lubricants, etc.  These may include chlorinated solvents
such as trichloroethylene (TCE), trichloroethane (TCA) and perchloroethylene
(PCE).

Auxiliary operations may include storage, boiler plant for energy production,
de-emulsification plants for oil recovery, re-distillation units for solvent
recovery, wastewater treatment plants and ventilation systems for welding
fumes.

SUMMARY OF KEY ENVIRONMENTAL RISK/LIABILITY FACTORS

Storage and Use of Oils, Solvents, Paints, Fuel, etc.

Considerable quantities of oils, solvents, paints and other environmentally
sensitive materials could be utilised in the process.  Typical storage may
include underground storage tanks (USTs), above ground storage tanks (ASTs),
tank farms (multiple tanks) and drums of assorted compounds (oils, solvents,
paints, etc.).

The materials will be utilised in a variety of activities including metal
machining and cutting, degreasing of metal components and printed circuit
boards, painting, filling of condensers, transformers, fuel supply for boilers,
vehicle maintenance and fuelling and the use of PCBs in dielectric fluids in
transformers, switching gear, capacitors.

Issues to Consider:

� Secondary containment of tanks and working areas (bunds etc.) to prevent
spills reaching the wider environment.

� Licensing of storage facilities.
� Age, construction details and testing programme of tanks.
� Labelling and environmentally secure storage of drums (including waste

storage).
� Accident/fire precautions and emergency procedures.
� Disposal/recycling of waste oils and solvents.
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Solid and Hazardous Waste Management

Typical wastes include waste oils and solvents, metal cuttings (impregnated
with oil), wastewater treatment sludges, degreasing bath sludges, paint sludges
and solid wastes (eg cartons, rags, etc.).

Issues to Consider:

� Regulatory requirements.
� Means of hazardous and solid waste disposal management.
� Disposal permits.
� Fees and penalties.
� Use of approved disposal routes (and contractors).
� Ownership of waste disposal sites.
� Potential pollution of soil and groundwater related to on-site and off-site

storage and/or disposal.

Atmospheric Emissions

Typical atmospheric emissions include  particulates and gaseous emissions
(carbon monoxide (CO), sulphur dioxide (SO2), oxides of nitrogen (NOx) etc.)
from steam or electrical production, solvent emissions from
painting/degreasing and fumes from welding processes.

Issues to Consider:

� Regulatory requirements (including health and hygiene permit
requirements).

� Fees and penalties.
� Requirements to upgrade pollutant abatement equipment.

FINANCIAL IMPLICATIONS 

� Contamination of soil and groundwater due to historical and/or present use
and storage of machine and cutting oils, chlorinated and non chlorinated
solvents, paints.

� Fees and penalties (air emissions, effluent discharges, solid and hazardous
waste disposal).

� Run-off/storm water drainage from raw material, finished product and waste
holding areas.

� Risk of major spills resulting in liability claims or regulatory enforcement
action.

� Upgrade of hazardous material storage areas may be required.
� Upgrade of pollutant abatement equipment or site infrastructure (sewers,

fuel supply, etc.) may be required.
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OTHER POTENTIAL ENVIRONMENTAL ISSUES

Water Supply and Wastewater Management

� Facilities may require significant volumes of water for process use (cooling,
painting etc.) and for sanitary and potable use.

� Wastewater will derive from these sources and from storm water run-off.
� Wastewaters are collected either in separate (industrial, sanitary and storm

water) drainage systems or are combined.
� Wastewater will be treated either on-site or at a public wastewater treatment

plan.
� Discharge from wastewater plants or from storm water run-off is usually to a

nearby river.

Issues to Consider:

� Source of process, potable and sanitary water (municipal, on-site,
abstraction, surface water, etc.).

� Permits and charges for water use.
� Ability of industrial sewer system to capture all process effluents.
� Integrity of drainage system is critical, particularly when hazardous

materials are discharged to sewer.
� Possibility of accidental releases of hazardous materials reaching local water

courses.
� Efficiency of wastewater treatment (facility/municipal) is critical - check

type, effectiveness, monitoring, final effluent and sludge disposal.
� Regulatory compliance discharge consents, enforcement, costs.
� Requirements and costs for potential upgrade of wastewater treatment plan.

Asbestos and PCB's

Asbestos and PCBs may need to be removed from the site which can be costly.

� Asbestos may be found in building materials, pipework, insulation etc.
� PCBs can be found in transformer/hydraulic equipment oil, capacitors etc.

This is a major issue at sites where transformers or other electrical
equipment are manufactured using PCB dielectric fluids.

Noise

Noise may reach or exceed nuisance/safety levels. Check regulatory
compliance and complaints record.
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ENVIRONMENTAL IMPROVEMENTS

� Evaluate potential for material substitution (i.e., water-based compounds for
degreasing, painting, etc.).

� Upgrade material storage areas.
� Change to cleaner fuel sources.
� Introduction of good environmental engineering practice.

GUIDE TO INITIAL DUE DILIGENCE SITE VISITS

When visiting the sites of potential borrowers or during loan supervision, use
the following as practical guide to the initial due diligence process.

� Perform a complete tour of the site, if possible.
� Observe for signs of bad housekeeping, inadequate/untidy storage areas,

poor drum labelling.
� Evaluate potential for spillages to enter soil or stormwater drainage system.
� Note nature of solid waste disposal.
� Look for localised spills, leaking pipes etc.
� Check for distressed flora/vegetation zones near storage sites.
� Check personal protective equipment.
� Review machinery guarding.
� Assess emergency response to fires, major spills etc.
� Review historical and projected trends for environmental fees and fines.  

It is also suggested that contact is made with local regulatory agencies to
determine compliance record and whether complaints have been made by the
public.
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Sub-sectoral Environmental Guidelines
IRON AND STEEL PRODUCTION 

PROCESS DESCRIPTION

The processes covered under this guideline are as follows:

� iron foundries;
� steel foundries;
� combined iron and steel plants.

Iron is converted into steel by removing practically all the sulphur, silicon and
phosphorus impurities and reducing the carbon content.  Iron and steel foundries
convert the raw materials (principally pig iron and scrap iron or steel) into
castings in their near final or final state.  The main processes are:

� raw materials unloading, storage, transfer;
� mould preparation;
� scrap preparation (cleaning, degreasing, sorting, etc.);
� melting and refining;
� mould pouring and cooling;
� casting;
� knocking out of casts, conditioning, trimming, dressing and finishing of

castings using a variety of techniques including:
� cleaning by shotblasting;
� flame cutting, grinding and chiselling to remove excess metal,

blemishes and defects and to smooth rough areas.
� cooling, cleaning and finishing.

For each of these process stages there are various techniques, each with differing
types and levels of severity of environmental impact.  For example, an electric
induction furnace will emit approximately one tenth of the particulate emissions
of the cupola furnaces.

In addition to the basic foundry processes described above, there may also be
additional finishing processes as well as service plant such as boilers. 

SUMMARY OF KEY ENVIRONMENTAL RISK/LIABILITY FACTORS

Atmospheric emissions

� Control of particulate emissions both metallic and non-metallic, and emissions
of fumes is potentially the most significant environmental issue for iron
foundries. The scale and nature of these emissions will be dependent on the
technology and practices used but may arise from all stages of the production
process, including, for example, raw materials handling and storage, removal
of slag from the furnace and removing casts from the moulds.
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� Dioxins and other partial combustion products can be generated from pre-
heating of scrap contaminated with paint, plastics and lubricants or furnace
charging and the initial stages of melting iron, steel and scrap.

� A range of methods can be used for preparing moulds and cores, using a
variety of binders and resins. The potential emissions vary with the method
and materials employed, for example, the shell sand method results principally
in VOC emissions while the cold setting technique can result in emissions of
oxides of nitrogen and sulphur dioxide as well as a variety of VOCs.

� Power generation at the site can result in significant emissions of oxides of
sulphur and nitrogen, hydrocarbons and particulates, particularly if coal is the
main fuel.

Issues to Consider:

� There are two primary collection methods for foundry particulate emissions,
wet and dry.  Wet scrubbers give rise to a contaminated wastewater stream and
dry control methods such as baghouses and electrostatic precipitators produce
a solid waste stream.

� The level of organic emissions will depend upon the fuel used and quality of
raw materials.  In some instances, the levels may be sufficiently high to
require incineration or afterburners.

Water supply and wastewater management

� Foundries can require large quantities of water principally for cooling
purposes.

� Potential sources of wastewater within iron and steel foundries include:
� discharge and blowdown from wet scrubbers;
� cooling water, often containing biocides and anti-oxidants;
� sand reclamation;
� slag cooling;
� site drainage and stormwater runoff, which may be contaminated as a

result of materials storage or use or general site contamination;
� leachate from slag and waste tips;
� boiler operations;
� degreasing operations (if acid baths used).

� Wastewater can contain heavy metals, such as cadmium, lead and zinc, as well
as oils and greases.

 
� Wastewater containment and treatment should be considered for all process

water, site drainage water and wastewater from treatment of gaseous
emissions.

Issues to Consider:

� Origin of water, e.g., municipal, abstraction wells, boreholes
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� Permits and charges are usually required for water abstraction
� Potential for recycling and reuse of water and heat
� Integrity of drainage system is important.  Check surface/foul drains,

soakaways, underground drainage system, interceptors etc.
� Quality of wastewater treatment plant (facility/municipal) - check type,

effectiveness, monitoring, final effluent disposal
� Regulatory compliance - discharge consents, enforcement, costs

FINANCIAL IMPLICATIONS

� Installation of abatement technology may involve significant costs.
� Contamination of soil and groundwater from leaking storage tanks/loading

areas.
� Fees and penalties (air emissions, effluent discharges, solid waste and sludge

disposal).
� Historical uses may also have the potential to create soil and groundwater

liabilities.
� Outstanding claims (health and safety).
� Risk of major spills resulting in substantial liability claims.
� Major fires, spills etc. can be financially ruinous.
� Widespread use of alternative products (e.g. plastics may affect the market for

iron products).
� Product liability issues.
� Runoff/storm water drainage from raw material, finished product and waste

holding areas.
� Long term investment and operation and maintenance costs could increase if

there is a trend towards a more stringent regulatory environment.

OTHER POTENTIAL ENVIRONMENTAL ISSUES

Handling and storage of raw materials

The key raw materials are:

� charge materials for the furnace, including scrap, ferro-alloys, pig iron, fluxes
(limestone - often in powder form) and coke;

� mould materials, such as sand, binders and resins (usually in liquid form);
� heat-resistant materials (refractories) for furnace and ladle linings;
� fuels for furnace operations;
� chemicals for degreasing operations.
� materials in powder form should be stored in sealed silos or bags, preferably

under cover. Liquids should be stored in sealed drums or in dedicated storage
containers and then piped to the area of use.
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Issues to Consider:

� Secondary containment of tanks (bunds etc.) to prevent spills reaching the
wider environment.

� Potential for contamination of surface water by oil, grease, process materials.
� Regular integrity testing of UST and bulk storage tanks.
� Accident/fire precautions and emergency procedures.
� Integrity of chemical store, floor and drainage arrangements.

Solid and hazardous waste management

� Solid and hazardous wastes are likely to include:
� dust collected in emissions extraction equipment;
� slag from the furnace and refining processes;
� sand from moulds;
� slag contaminated furnace linings;
� sludges from gas cleaning and wastewater treatment;
� waste from conditioning and trimming processes;
� refractory waste;
� solvent degreasers (if used).

� Solid wastes can contain high levels of zinc, lead and other heavy metals,
limiting the potential for recycling.

� Liquors requiring treatment and recovery/disposal are generated from a
number of processes including solvents from degreasing of scrap and cleaning
out of boilers.

Issues to Consider:

� Storage of hazardous wastes.
� Transferred disposal of wastes - are wastes going to an appropriately managed

(licensed) disposal site?
� On-going liability associated with hazardous waste disposal.
� Odours from casting, cooling and removal of casts from moulds. Treatment of

odour is difficult, although the level of odour can be reduced by using
inorganic binders and installing tall stacks to minimise nuisance to the
neighbouring environment.

 
 Miscellaneous Issues:
 

� Odours from casting, cooling and removal of casts from moulds. Treatment of
odour is difficult, although the level of odur can be reduced by using inorganic
binders and installing tall stacks to minimise nuisance to the neighbouring
environment.

� Where large amounts of oily scrap are processed, there is an increased risk of
fire.

� Asbestos and polychlorinated biphenyls (PCBs) may need to be removed from
the site which can be costly. Asbestos is found in building materials, pipework,
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insulation etc. PCBs can be found in electrical equipment such as
transformers/hydraulic equipment and capacitors.

ENVIRONMENTAL IMPROVEMENTS

Potential environmental improvements include:

� Systems to avoid or reduce atmospheric emissions, including:
� good housekeeping and procedures to minimise atmospheric emissions

especially during the handling of molten metals and dust-producing
materials;

� suppression of gases, dust and particles at source by keeping air away
from molten metal by placing covers over runners or transfer points
(for example, where hot metal is poured);

� local containment of gaseous emissions where possible and full or
partial sealing of roofs and high level extraction.

� Control of dust, for example, by:
� ensuring that roads and open storage areas are hard-surfaced, regularly

cleaned and sprayed with water in wet weather;
� covering raw materials during transportation or ensuring that

conveyors have devices to minimise spillages and dust production;
� installing dust extraction systems on ventilation equipment;
� reducing the number of material transfer points and avoiding

unnecessary handling of materials;
� transporting material from dust extraction equipment in totally

enclosed systems to sealed containers of silos.

� Emissions reduction and control to be assessed in the design of all new plant.
� Removal of VOC's by wet scrubbing or incineration.
� Use of furnace off-gases to pre-heat scrap iron, reducing energy costs.
� Design of chimneys and vents of sufficient height and appropriate position to

avoid causing a local nuisance.
� Storage of all raw materials including scrap and impermeable surface,

preferably with roof cover, to reduce dust emissions.
� Secondary containment of tanks to prevent spills reaching the wider

environment.
� Assessment of solvents used for degreasing to determine if replacement is

required (if ozone depleting substance) and possibly to reduce VOC
emissions.

� Regular inspection of secondary containment facilities and fitting of alarms,
where not regularly inspected.

� Potential to recycle the material within the foundry or sell it for further metal
recovery. In other cases, it should be disposed of to licensed disposal facilities
with special precautions where the waste contains potentially toxic materials
such as lead.

� Recovery of sand from moulds using a number of techniques, including
breaking it up in ball mills and vibrating crushers or mixing it with water and
breaking the sand up using abrasion resistant high speed paddles.

� Sale of furnace slag to the cement or construction industries.
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� Dewatering of sludges prior to disposal.
� Provision of hearing protection in casting ‘knock-out’ workshops.

GUIDE TO INITIAL DUE DILIGENCE SITE VISITS

� Perform a complete tour of the works, preferably accompanied by someone
knowledgeable about all the activities at the works.

� Review measures preventing the escape of dust, for example using bag filters,
electrostatic precipitators and hood and roof extraction systems. Noting dust
levels at the site, particularly in storage areas, furnace houses, and casting
operations gives an indication of the effectiveness of these measures.

� Review measures to remove pollutants from gases and vapour emitted to
atmosphere using, for example, scrubbers. Note the colour and appearance of
emissions from chimney stacks.

� Visit areas adjacent to the site to note any visible signs of damage, possibly
caused by operations at the iron & steel works.

� Look for signs of poor housekeeping, such as spillages and piles of empty oil
and chemical drums.

� Note any other activities taking place on the site which are the responsibility
of different organisations, such as reprocessing of slag.

� Find out about the history of the site, particularly any previous industrial use,
in order to assess the likelihood of soil and groundwater contamination.

� Check measures used to prevent soil and groundwater contamination from
disposal and storage areas (especially scrap storage), such as lining with non-
permeable material.

� Note the extent of treatment systems for the different types of wastewater,
including process water and surface water runoff.

� Assess the level of health and safety awareness at the works, for example the
presence of safety notices and the wearing of hard hats, face masks and
industrial safety boots.

� Review age of process equipment.
� Review environmental control plan and measures.
� Note the colour and appearance of adjacent water courses.
� Note the location and integrity of oil and chemical storage areas. These should

be located away from operational areas and have measures to contain spillages
(for example, bunding).

� Check source of electricity, heat and water supply.
� Assess emergency response to fires, major spills etc.
� Review historical and projected environmental fees and fines.

It is also suggested that contact is made with local regulatory agencies to
determine compliance record and whether complaints have been made by the
public.
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Sub-sectoral Environmental Guidelines
NON-FERROUS METAL FOUNDRIES

PROCESS DESCRIPTION

Non-ferrous metal foundries convert metals, such as aluminium, copper, zinc and
lead into castings in their final or near final shape. The main processes are:

� melting of the metal;
� refining (e.g. aluminium) through addition of small amounts of metal, fluxes

and degassing agents;
� alloying by addition of trace metals;
� temporary storage of molten metal in holding furnaces;
� preparation of cores and moulds;
� casting of metals in moulds to specified shapes;
� knocking out of casts, conditioning, trimming, dressing and finishing of

castings using a variety of techniques including:
� cleaning by shotblasting;
� flame cutting, grinding and chiselling to remove excess metal,

blemishes and defects and to smooth rough areas.

For each of these process stages there are a number of different techniques that
can be employed, each with differing types and levels of severity of
environmental impact.
 
In addition to the basic foundry processes described above there may be
additional finishing processes as well as service plant such as boilers.  The high
energy requirement may have led to the provision of power generating facilities
and gas works on site.

SUMMARY OF KEY ENVIRONMENTAL RISK/LIABILITY FACTORS

Contaminated land

Land may be contaminated by either current or previous operations at or near the
site. The site may have a long history of industrial activity, often including small
gas works which are a source of contaminants including polycyclic aromatic
hydrocarbons (PAHs), phenols, cyanides and other heavy metals. 

Air emissions

Atmospheric emissions from foundries are likely to be a significant influence on
site and on local environmental conditions.  Atmospheric emissions may generate
air, soil and water pollution. The main atmospheric pollutants are:

� volatile organic compounds (VOCs) and odorous substances from
mould production, casting, cooling and removing casts from moulds;

� metal particulates, dust and fumes from process operations and
materials handling.
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� sulphur dioxide from refining of sulphide based ores.

FINANCIAL IMPLICATIONS

� Contamination of the site or groundwater may result in expenditure on site
cleanup and reduced asset value.

 
� Environmental improvement targets set as part of a local or regional plan may

require significant capital expenditure, notably for air emission controls, as
well as increased operating costs.

 
� Stricter legislation, or more effective enforcement of existing legislation, may

require upgrading of practices operating and plant at the works and the
potential of fines, penalties or plant closure resulting from enforcement of
environmental regulations.

 
� Energy costs are likely to be a significant proportion of production costs,

affecting profitability of operations.

� Stricter legislation will increase the revenue costs of environment-related
expenditure such as waste disposal, water abstraction and discharge of treated
wastewater.

 
� Measures to achieve regulatory compliance and developing industry

environmental standards are likely to require major upgrading in the
technology employed in the sector. Cleaner technologies are likely to offer
operational efficiency improvements but are likely to require significant
investment.

OTHER POTENTIAL ENVIRONMENTAL ISSUES

Atmospheric emissions abatement
 
� Control of particulate emissions, both metallic and non-metallic, and

emissions of fumes are potentially the most significant environmental risks.
The scale and nature of air emissions will depend on the technology and
practices used but may arise from all stages of the production process
including:

� raw materials handling and storage;
� the addition of alloys to molten metal;
� removal of waste materials from the furnace;
� removing casts from the moulds and breaking up moulds;
� repair of furnace linings.
� 

� Where scrap metal is used as feedstock, further air emissions arise from
painted and oily material within the scrap.

� There are many different methods for preparing moulds and cores, using a
variety of binders and resins, although permanent moulds may also be used. 
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� The potential emissions vary with the method and materials employed, for
example:

� the shell sand method results principally in VOC emissions;
� cold setting techniques can result in emissions of oxides of nitrogen

and sulphur dioxide as well as a variety of VOCs.
 

� Boilers at the site can result in emissions of oxides of sulphur, nitrogen, and
particulates.

� Throughout the foundry, there should be systems to avoid or reduce
atmospheric emissions, including:

� good housekeeping and procedures to minimise atmospheric emissions
especially during the handling of molten metals and dust-producing
materials;

� making all furnaces, casings and ductwork as gas-tight as possible;
� suppression of gases, dust and particulates at source by keeping air

away from molten metal by placing covers over runners or transfer
points (for example, where hot metal is poured);

� local containment of gaseous emissions where possible and full or
partial sealing of roofs.

 
� Options to reduce production of dust include:

� covering raw materials during transportation or ensuring that
conveyors have devices to minimise spillages and dust production;

� spraying water on raw material stockpiles;
� installing dust extraction systems or ventilation equipment;
� reducing the number of material transfer points and avoiding

unnecessary handling of materials;
� transporting material from dust extraction equipment in totally

enclosed systems to sealed containers or silos.

� Furnaces should have design features to ensure complete combustion and to
capture atmospheric emissions, such as partial enclosures and canopies. These
should lead to pollution abatement equipment, for example, fabric filters.
Emissions reductions features should form part of the integral design for new
plant.

 
� VOCs can be removed by wet scrubbing or incineration.
 
� Extraction and treatment of atmospheric emissions from mould and core

preparation depends on the techniques employed.
 
� VOC emissions, from the shell sand method and oil sand process, may be

collected and destroyed/discharged.

� Amine gas from cold setting techniques should be collected and scrubbed
prior to discharge.

 
� Flammable methyl formate should be condensed for re-use or disposed of by

burning.
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� Extraction equipment, such as hoods and bag filters, should be installed
wherever practicable, for example at points where the furnace is charged and
molten metal and dross removed. Where possible, operations such as
removing casts from moulds, should be enclosed to enable collection of
atmospheric emissions. However, equipment can be difficult to install where
activities are carried out in open areas, such as the pouring of molten metal
into individual moulds.

 
� Chimneys and vents should be of sufficient height and appropriate position to

avoid causing a local nuisance. Atmospheric dispersion modelling will show
the extent to which emissions from the site affect local populations and
ecosystems. Releases of exhaust gases from wet scrubbers should be hot
enough to avoid formation of plumes of water vapour.

Water supply and wastewater management

� The principal sources of wastewater within a foundry works are from:
� discharge and blowdown from wet scrubbers;
� cooling water, often containing biocides and anti-oxidants;
� sand reclamation;
� finishing of small cast items in tumbling drums with ceramic chips and

water containing surfactants.
� site drainage and stormwater runoff, which may be contaminated

materials storage or use or general site contamination;
� boiler operations;
� sludges from scrubbers.

� Wastewater can contain heavy metals, such as cadmium, lead and zinc, as well
as oils and greases.

� Wastewater containment and treatment systems should be considered for all
process water, site drainage water, wastewater from treatment of extracted
gaseous emissions, and other contaminated water. This includes
neutralisation/precipitation of heavy metals and removal of organic
compounds and solids.

Handling and storage of raw materials

� The key raw materials include:
� charge materials for the furnace;
� mould materials, such as sand, binders and resins (usually in liquid

form);
� heat-resistant materials (refractories) for furnace and ladle linings;
� fuels for furnace operations such as oil, gas, coal and coke;
� ancillary materials, for instance organic solvents.

� Materials in powder form should be stored in sealed silos or bags, preferably
under cover. Liquids should be stored in sealed drums or in dedicated storage
containers and then piped to the area of use.

Issues to consider:
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� The contamination of scrap with oil and grease and the potential for
contamination of soil and groundwater. Scrap should be stored on an
impermeable surface, preferably with roof cover.

 
� Secondary containment of tanks and drums (bunds, for example) to prevent

spills reaching the wider environment. Bund capacity should be at least 110%
of the storage capacity.

 
� Regular inspection of secondary containment facilities and fitting of alarms.

Solid and hazardous waste management

� Solid and hazardous wastes from process operations and pollution control
techniques include:

� dust collected in emissions extraction equipment;
� dross from furnace processes;
� sand from moulds;
� contaminated furnace linings;
� sludges from air pollution abatement equipment and wastewater

treatment;
� waste from conditioning and trimming processes;
� refractory waste;
� waste oil/emulsion.

� Liquors requiring treatment and recovery/disposal are generated from a
number of processes including the cleaning out of boilers.

Issues to consider:

� Where solid waste material contains metals, there may be potential to recycle
the material within the foundry or sell it for further metal recovery. In other
cases, it should be disposed of to licensed disposal facilities, with special
precautions where the waste contains potentially toxic materials such as lead.

 
� Disposal of sand from moulds can present a major solid waste disposal

problem. Sand can be reclaimed and recycled using a number of techniques,
including:

� breaking it up in ball mills and vibrating crushers;
� mixing it with water and breaking the sand up using abrasion resistant

high speed paddles;
� heating sand moulded with organic binders and burning the waste

gases.

� Sludges should be dewatered prior to disposal.

Odours

� Odours from casting, cooling and removal of casts from moulds. Treatment of
odour is difficult, although the level of odour can be reduced by using
inorganic binders and installing tall stacks to minimise nuisance to the
neighbouring environment.
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Asbestos and PCBs

� Asbestos and polychlorinated biphenyls (PCBs) may need to be removed from
the site which can be costly. Asbestos is found in building materials, pipework,
insulation etc. PCBs can be found in oil filled electrical equipment such as
transformers/hydraulic equipment and capacitors.

ENVIRONMENTAL IMPROVEMENTS

� Optimise raw material handling practices with enclosure of stockpiles and
conveyors to reduce dust and sediment runoff.

� Ensure all furnaces, casings and ductwork are as airtight as possible.
� Identify opportunities for installing additional extraction equipment, such as

hoods and bag filters.
� If increased production planned, computer modelling of effects on air

emissions to local environment should be undertaken.
� Wastewater streams should be segregated to ensure that low volumes of highly

contaminated process water receive treatment whereas high volumes of
uncontaminated water (roof, cooling waters) can discharge direct.

� Recycling of metals within the foundry or to other recyclers.
� Recycling sand from moulds.
� Concentration and dewatering of sludges prior to disposal.
� Provision of hearing protection in casting “knock-out” workshops.

GUIDE TO INITIAL DUE DILIGENCE SITE VISITS

� Perform a complete tour of the works, accompanied by someone
knowledgeable about current and historical activities at the works.

� Note any other activities taking place on the site which are the responsibility
of different organisations, such as reprocessing of waste materials.

� Find out about the history of the site, particularly any previous industrial use,
in order to assess the likelihood of soil and groundwater contamination.

� Review measures preventing the escape of dust, for example using bag filters,
electrostatic precipitators and hood and roof extraction systems. Noting dust
levels at the site, particularly in storage areas, furnace houses, and casting
operations gives an indication of the effectiveness of these measures.  Ensure
this equipment is adequately maintained and that dust collected is correctly
disposed of.

� Review measures to remove pollutants from gases and vapour emitted to
atmosphere using, for example, scrubbers. Note the colour and appearance of
emissions from chimney stacks.

� Visit areas adjacent to the site to note any visible signs of damage, e.g.,
staining possibly caused by operations at the foundry.

� Check measures used to prevent soil and groundwater contamination from
disposal and storage areas (especially scrap storage), such as lining with non-
permeable material.

� Note the extent of treatment systems for the different types of wastewater,
including process water and surface water runoff.
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� Assess the level of health and safety awareness at the works, for example the
presence of safety notices and the wearing of hard hats and industrial boots.

� Note the colour and appearance of adjacent water courses.
� Note the location and integrity of oil and chemical storage areas. These should

be located away from operational areas and have measures to contain spillages
(for example, bunding).
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Sub-sectoral Environmental Guidelines
METAL HEAT TREATMENT 

PROCESS DESCRIPTION

The processes included within metal heat treatment include the application of
heat, annealing and hardening of both ferrous and non-ferrous metals. These
processes can be simply summarised as heating metals by a variety of
controlled means, particularly through different heating and cooling regimes, in
order to give a finished metal product with specific characteristics.  The rolling
and drawing of metals can also be undertaken as part of the process and such
activities would typically use presses.

Heating and cooling is generally carried out in ovens and cooling baths. Most
metals are heated in an inert atmosphere to prevent oxidation, thus, oxygen is
removed from the ovens and replaced with gases such as nitrogen and argon.
Quenching may be undertaken by dipping the hot metal into water, oil or salt
baths depending on the properties required of the finished product.

It is important to note that this guideline does not include environmental risks
associated with casting, foundries or plating works. The risks associated with
these production activities are significantly greater than those associated with
heat treatment alone. 

SUMMARY OF KEY ENVIRONMENTAL RISK/LIABILITY FACTORS

Atmospheric emissions

The principal environmental risk factor associated with heat treatment is
emissions to atmosphere from three main sources:

� Emissions from the heat treatment process itself (which is largely dependent
on whether the metal has residual coatings applied before treatment) and
could include particulates (soot and dust) and volatile organic compounds
(VOCs).  The significance of these is entirely dependent on the size of the
operation. VOC abatement, for example, is only likely to be required for
large scale operations.

 
� Emissions from the fuel used to heat the treatment ovens may also be

significant depending on the fuel type used (coal, oil or gas). 
 
� Emissions will arise from sinking hot metals into baths of water, oil or salts.

 These will usually be discharged through vents and local exhaust
ventilation. If ventilation is inadequate fumes may build up and cause
workplace exposure hazards to employees.  
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Effluent discharge

The principal concern relates to effluent discharges arising from the wastewater
generated from the cooling baths. The wastewater in the cooling baths
(depending upon the content of the baths) may be discharged to the sewer, to an
effluent treatment plant or to a tank where it is collected and disposed of as
waste material. Sludges will be deposited at the bottom of cooling tanks and
these will need to be disposed of as hazardous wastes.

It is also important to review the quality of the effluent being discharged from
the whole site. Final wastewater may arise from by-product streams, liquid
spills and washing operations. Wastewater may also be contaminated with
products and by products of the production process.

The wastewater may discharge to the sewer (and subsequently to a municipal
effluent treatment plant), storm water drainage system, settlement tanks,
soakaways or an on site effluent treatment plant. 

Other potential environmental issues associated with metal heat treatment
processes include: 

� storage of oils, gases and chemicals;
� existing site contamination.

FINANCIAL IMPLICATIONS

� Fees and penalties for effluent discharges, air emissions, and sludge
disposal.

� Risk of major spills or leaks from storage tanks affecting soil and
groundwater.

� Potential for contaminated drainage runoff from areas of hardstanding.
� Health and safety compensation claims.
� Pollution abatement may be achieved at moderate cost through management

initiatives.  Installation of new abatement technology is likely to require
significant investment.

� Fires and large spills may incur very high financial costs.

OTHER POTENTIAL  ENVIRONMENTAL ISSUES

Storage of Oils, Gases and Chemicals

Considerable quantities of oils, gases and chemicals may be utilised in the
process or to fuel the furnaces.  

Typical storage vessels may include the following:

� underground storage tanks (UST);
� bulk storage oil tanks;
� fuel oil tanks;
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� pressurised vessels for gases;
� tank farm (multiple tanks) containing raw material or waste;
� drums of assorted additives and solvents (degreasants);
� sumps within presses utilised for rolling and drawing, if undertaken, may

contain hydraulic or lubrication oils.

In order to reduce the risks posed by these storage vessels it is important to
check:

� secondary containment of tanks (bunds etc.) to prevent spills reaching the
wider environment (bunds should have a capacity of at least 10% of the
material contained within the tank);

� where secondary containment is present it should be constructed of a
material resistant to the chemicals stored within it;

� alarms or level gauges;
� records of testing pressurised vessels;
� regular integrity testing of UST's and bulk storage tanks;
� accident/fire/explosion precautions and emergency procedures.

Process Areas

Sumps and tanks containing water, oil or salt solutions are likely to be present
within the process areas.  Age and construction of sumps and secondary
containment and construction of the tanks should be noted.  The presence of
floor drains close to the tanks and any connections should be investigated.

Waste Disposal

Although water and some salt solutions utilised for quenching (cooling) are
likely to be disposed of to the drain, oil and more hazardous salts used for
quenching should be disposed of to a licensed waste treatment/disposal site.  

Existing Contamination

Metal heat treatment facilities are often located on sites which were formerly
foundries and plating works. It is important to find out about the past history of
the site, in particular, whether the existing facility is located on the site of an
older foundry, forge or plating works.  Many of these processes have a high
potential for ground contamination, and so could give rise to liability claims. 
In addition, the presence of old sumps or tanks used in the process may be
contamination sources.

Noise

Noise derived from large press plant may exceed nuisance levels.  While this is
primarily a health and safety issue there is also the potential for complaints
about noise nuisance beyond the boundary.  Typically, timing, housekeeping
measures (such as ensuring external doors are kept closed) or the use of noise
screens or baffles can reduce the potential problem.

Asbestos and PCBs
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Asbestos and PCBs may need to be removed from the site which may be costly.

� Asbestos is found in building materials, pipework, insulation, etc.
� PCBs can be found in transformer/hydraulic equipment oil, capacitors, etc.

ENVIRONMENTAL IMPROVEMENTS

In order to reduce the environmental risks associated with metal heat treatment,
site management may consider undertaking some of the following actions:
 
� Depending upon the nature of emissions from the heat treatment processes

and the scale of the operations, additional air emission abatement
technology may need to be installed on the ovens, furnaces and cooling
baths. Atmospheric releases from the site could contain oxides of sulphur
(SOx), nitrous oxide (NOx), carbon monoxide (CO), particulates (soot and
dust from combustion), oil mists, and VOCs. Emission control equipment
which may need to be installed includes local exhaust ventilation, bag
filters, scrubbers and possibly VOC control measures.

� Depending upon the media used to cool the metals, additional controls may
be required for effluent treatment/disposal. Settlement could provide a
means of removing much of the contamination.

� It may be important to check the integrity of the drainage system (the
surface/foul drains), soakaways and interceptors. If the drainage system is
found to be in a poor condition, it may need to be upgraded or replaced as it
may represent a contaminant migration pathway. In addition, it may be
necessary to sample and analyse effluent discharged from the site to ensure
that it is within the conditions stated in any discharge permit.  

� Emissions monitoring for all point and fugitive emission sources in order to
ensure compliance with relevant regulations.

� Wastewater monitoring and control where appropriate.
� Integrity testing of all bulk storage vessels.
� Recirculation and re-use of cooling water.
� Water re-use and heat exchange systems.
� Pipe insulation and insulation for treatment ovens etc.
� The use of more environmentally acceptable fuels for heat treatment ovens

and furnaces (e.g. gas in favour of oil or coal).
� Re-use of waste products in the process such as the recovery of raw.
� Materials and offgrade product, packaging reuse and minimisation.
� Compact waste packaging material sent for landfill.
� Minimise leakage and fugitive releases from pipework through use of

appropriate corrosive resistant materials and leak proof valve and pump
design.

ENVIRONMENTAL ACTON PLAN

GUIDE TO INITIAL DUE DILIGENCE SITE VISITS

When visiting metal heat treatment sites it is important to assess the following:
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� the potential impacts of any activities previously undertaken at the site;
� all point sources of air emissions through questioning site management and

through existing emissions inventories;
� effluent discharge practices;
� containment of bulk and drum storage, waste storage areas and process

tanks;
� signs of localised spills/soil staining, leaking pipes, bad housekeeping etc.;
� the age of process equipment and the presence of emission abatement

equipment;
� sensitivity of surrounding land.
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Sub-sectoral Environmental Guidelines
FABRICATED METAL PRODUCTS, METAL
SERVICES

PROCESS DESCRIPTION

The manufacture of fabricated metal products involves cutting, pressing and
welding of metal components.  Additional processes may include metal milling
and grinding, shotblasting, braising, sanding or disking of metal surfaces. 
Machining operations involve the use of hazardous chemicals such as cutting
oils, lubricants, machine hydraulic oil etc.  Cleaning of metal surfaces may
utilise solvents, acid/alkaline washes or detergents.  The solvents may include
chlorinated solvents such as trichloroethylene (TCE), trichloroethane (TCA)
and perchloroethylene (PCE).

For the purposes of this guideline metal services have been defined as
operations such as metal plating, polishing or coating.  These operations may
be undertaken either before or after fabrication activities.

Metal plating is typically undertaken by dipping the metal in a series of baths
containing a variety of water based plating solutions and then applying electric
current to facilitate plating of components.  Key solutions include detergent for
cleaning the metal and a metal compound solution for the actual plating
process.  

Metal polishing of machined components is generally undertaken within a
rotating head using a combination of materials such as abrasives, limestone,
and a lubricant (paraffin and water).

Metal coating may be undertaken utilising either a dry powder or a liquid spray.
An acid pickling process may also be utilised.  The dipping of a coated metal
product in a series of acid tanks it typically used to reduce off-specification
coating.  Solvents may be used for surface cleaning.

Auxiliary operations may include boilers, oil recovery plant, ventilation
systems (for welding fumes) and waste water treatment plant.

SUMMARY OF KEY ENVIRONMENTAL RISK/LIABILITY FACTORS 

Storage and Use of Oils, Solvents, Paints, Fuel, etc.

Considerable quantities of oils, solvents, paints and other hazardous materials
are utilised in the process.  Typical storage includes the following:

� underground storage tanks (USTs);
� above ground storage tanks (ASTs);
� tank farms (multiple tanks);
� drums of assorted compounds (oils, solvents, paints, etc.).
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 The materials will be utilised in a variety of activities including: metal
machining and cutting, degreasing of metal components, painting, plating, fuel
supply for boilers and vehicle maintenance and fuelling.
 
 Issues to Consider
 
� Secondary containment of tanks and working areas (bunds etc.) to prevent

spills reaching the wider environment.
� Licensing of storage facilities.
� Age, construction details and testing programme of tanks.
� Labelling and environmentally secure storage of drums (including waste

storage).
� Accident/fire precautions and emergency procedures.
� Disposal/recycling of waste oils, solvents, plating solutions, etc.
 
 Atmospheric Emissions
 
 Typical atmospheric emissions include:
 
� particulates and gaseous emissions (carbon monoxide (CO), sulphur dioxide

(SO2), oxides of nitrogen (NOx) etc. from steam or electrical production;
� solvent emissions from painting/degreasing operations and metal coating;
� fumes and particulates from welding and polishing processes;
� heavy metal aerosols and cyanide from emissions from some plating

solutions.
 
 Issues to Consider
 
� Regulatory requirements (including health and hygiene permit

requirements).
� Fees and penalties.
� Requirements to upgrade pollutant abatement equipment.
 
 
 FINANCIAL IMPLICATIONS

 
� Pollution abatement may be achieved at a moderate cost via management

initiatives. Installation of abatement technology may involve significant
costs.

� Long term investment and operation and maintenance costs could increase if
there is a trend towards a more stringent regulatory environment.

� Compensation claims may arise following new ownership, investment and
redundancies.

� Fees and penalties (air emissions, effluent discharges, solid waste and sludge
disposal).

� Risk of major spills resulting in substantial liability claims
� Runoff/storm water drainage from raw material, finished product and waste

holding areas.
� Contamination of soil and groundwater due to historical and/or present use

and storage of machine and cutting oils, chlorinated solvents, paints, etc.
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� Fumes, acid mists and emissions from the manufacturing process can cause
chronic ill health problems leading to compensation claims.

� Product standards may forbid the use of certain metals in some countries e.g.
lead and mercury.

 
 
 OTHER POTENTIAL ENVIRONMENTAL ISSUES

 
 Solid and Hazardous Waste Management
 
 Typical wastes include:
 
� waste oils, solvents, plating solutions;
� metal cuttings (impregnated with oil);
� wastewater treatment sludge;
� degreasing bath sludge;
� pint sludge;
� solid wastes (cartons, rags, etc.);
� spent air filters for plating/welding processes;
� plating solutions.
 
 Issues to Consider
 
� Regulatory requirements.
� Means of hazardous and solid waste disposal management.
� Disposal permits.
� Fees and penalties.
� Use of approved disposal routes (and contractors).
� Ownership of waste disposal sites.
� Potential pollution of soil and groundwater related to on-site and off-site

storage and/or disposal.
 
 Water Supply and Wastewater Management
 
� Facilities may require significant volumes of water for process use (cooling,

painting etc.) and for sanitary and potable use.
� Wastewater will derive from these sources and from stormwater run-off.
� Wastewaters are collected either in separate (industrial, sanitary and

stormwater) drainage systems or are combined.
� Wastewater is treated either on-site or at a public wastewater treatment

plant.
� Discharge from wastewater plants or from stormwater run-off is usually to a

nearby river.
 
 
 
 Issues to Consider
 
� Source of process, potable and sanitary water (municipal, on-site,

abstraction, surface water, etc.).
� Permits and charges for water use.


