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Scheduled Wastes Management Hierarchy
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Prescribed Premises Vs Prescribed Activities

Prescribed Premises Prescribed Activities 

Off-Site Storage Facilities Construction of Storage Facility (Off-Site)

Off-Site Treatment Facilities

Off-Site Recovery Facilities Construction of Recovery (Off-Site)

Scheduled Waste Incinerators Construction of Thermal Treatment

Land Treatment Facilities

Secure Landfills Construction of Secure Landfill Facility
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Technology In Scheduled Wastes Management

Types of Technology

Reuse Recovery Treatment Disposal

• Co-processing
• Neutralization
• Alternative Raw 

Material

• Distillation
• Electrolysis
• Filtration
• Smelting
• Reaction
• Precipitation
• Waste to 

Energy

• Incinerator
• Solidification
• Physical-

chemical
• Biologial

• Secured landfill
• Deep well-

injection
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• Extraction of useful material or energy which may be reused 

• Resource recovery can be attractive both for economic and 
environmental reasons. This option is becoming an 
increasingly viable option.

• Two type of recovery:

1. Energy recovery

2. Material recovery 
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Energy Recovery: 

• Suitable for waste:
1. Containing organic matter

2. Have sufficient energy (calorific) value to enable recovery of 
energy to be economically viable. 

WTE vs incineration vs alternative fuel
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Material Recovery: 

• Resource recovery is using wastes as an input material to 
create valuable products as new outputs

• Recovery facilities are directly dependent on the specific 
nature, volume and composition of the waste to be treated

• Resource recovery is part of a circular economy
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Distillation

• Distillation (or Fractionation) is the physical separation 
of components of lubricating oil by boiling range. 

• The boiling ranges can produce gases to heavy 
lubricating oil.

• Prior to distillation used oil need to be pre-treated:

✓ Filtration - to remove any solids material such as 
dirt, sand etc.

✓ Heating process - to remove water

✓ Centrifuge – to remove solids materials and water.

• Two types of Distillation:

1. Vacuum Distillation

2. Atmospheric distillation – require further refining 
process such as vacuum distillation
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Vacuum Evaporator

• Evaporation is a unit operation that 
separates a liquid from solids by means 
of heat transfer via vaporization or 
boiling.

• All evaporators are comprised of two 
sections:

✓ Heating section 

✓ Vapor/liquid separation section.

• Evaporator bodies are typically operated 
under vacuum to reduce the 
temperature of boiling.
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Electrolysis

• Electrolysis is a process that uses electricity to 
separate or extract metal from solution.

• In waste recovery, the process is called electroplating 
which is similar to electrolysis process. 

• Electroplating is surface plating operations where 
the metal is dipped in an electroplating solution 
containing metal and then rinsed.

• Involve oxidation and reduction reactions

• Important parameter for electroplating process:

✓ Electrolyte – waste dissolved in acid solution 
known as leaching process

✓ Electrode – plating for metal to deposit
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Smelting

• Smelting is a process of applying 
heat in order to extract metal.

• Smelting uses heat and a 
chemical reducing agent to 
decompose the waste, driving off 
other elements as gases or slag 
and leaving the metal base 
behind
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First Scheduled

SW 1

Metal and metal-
bearing wastes

10 Codes

SW 2

Wastes containing 
principally inorganic 
constituents which 
may contain metals 

and organic 
materials

7 Codes

SW 3

Wastes containing 
principally organic 
constituents which 
may contain metals 

and inorganic 
materials

27 Codes

SW 4

Wastes which may 
contain either 

inorganic or organic 
constituents

32 Codes

SW 5

Other wastes

1 Code

Smelting 
Electrolysis
Distillation
Evaporation
Incineration /
WTE

Smelting 
Electrolysis
Distillation
Evaporation
Incineration / 
WTE

Smelting 
Electrolysis
Distillation
Evaporation
Incineration 
/ WTE

Smelting 
Electrolysis
Distillation
Evaporation
Incineration / 
WTE
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WASTE TYPES RECOVERY PROCESS RECOVERED PRODUCT

• Mineral Oil
• Oily water mixture/ oil 

emulsions

Oil Water Separation
• Gravity separation
• Coalescence 

separation
• Emulsion splitting
• Ultra-filtration
• Air floatation

Oil reuse as fuel supplement

• Waste oil Refining
• Distillation

Oil reuse for original purpose

• Organic solvents Distillation • Alcohol solvent recovery in 
Flexographic Printing 

• Thinner solvent recovery at Motor 
and panel Repair Workshop

• Paint solvents Spent solvent utilization 
(used in low grade paint)

Mainly white spirit
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WASTE TYPES RECOVERY PROCESS RECOVERED MATERIAL

Electroplating wastes Metal precipitation Cr, Cu, Al, Zn, Cd

Electroplating wastes Ion exchange Cr, Cu, Al, Zn, Cd

Photo-finishing wastes
Spent catalyst
Electronic wastes

Electrolytic metal 
recovery 

• Silver
• Ni, Cr, Pt, Pd, Cu
• Precious metals

Dross containing metal Smelting
Pyrometallurgy

Al, Zn, Pb, Cu
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Apakah
pandangan
anda berkaitan
proses dan
senarai
buangan yang 
dicadangkan
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IMPORTANT!!!

The selection of a recovery process depends on the 

specific character of the waste and requires 
careful consideration

WC and WAC
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• Waste Acceptance Criteria (WAC) is an instrument designed to 
determine a waste generated by a waste generator that is 
acceptable to a waste recipient to undergo any processing:

✓ Reuse
✓ Recovery
✓ Treatment
✓ Disposal at secured landfill

• WAC applications are being used not only for disposal 
purposes but also for the purpose of recovery
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Relationship between WC And Wac

Criteria

• A measure which is the basis of the 
evaluation or determination of a 
particular method or processing based 
on the state of a material such as 
phase, shape, composition, 
constituents, properties of the 

properties of the material.

Acceptance 

• A description of the act of acquiring or 
obtaining something that meets the 
criteria

Waste

• Any material or byproduct that will be 
disposed of or discarded or useless or no 
longer necessary for the purpose of the 
original material and acquired after the 
completion of an activity or process.
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Waste Generator
CRADLE

Waste Receiver – Reuse Facility

Waste Receiver – Recovery Facility

Waste Contractor

Waste Contractor

Waste Receiver – Disposal Facility
GRAVE

Waste Contractor

Waste Contractor

Waste Contractor

WC

WC

WC

WAC

WAC

WAC

WAC

WC

WC

WAC
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How To Determine WC And WAC

Proposed / Processed scheduled 
wastes code 

Name of the component / material 
wanted or want to process

Content of the component / material 
required or processed

Contents component / contaminants 
that is a limitation / restriction to the 
technology used

Processing technologies and pollution 
control systems proposed or installed

WAC
Process knowledge

Chemical Analysis

WC
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• WC determine the composition of the waste

• Important to analysis the composition in dry basis (mg/kg) 

• 2 types of lab analysis:

1. Toxicity Characteristics Leaching Procedure (TCLP)
✓ Test methods used to determine whether a waste is a toxic hazardous 

waste. 

✓ Simulate what happens to a waste in a landfill setting with simulated 
landfill leachates and are both reported in (mg/l)

2. Total Threshold Limit Concentration (TTLC) 
✓ Test method to determine the composition in the waste in mg/kg

• Waste generator need to perform TTLC in order to prepare WC
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• WAC can be determined via mass balance of the process. 

• Important issues to take into account to set WAC are
1. The efficiency of the technology installed to process the waste –

determine the main component to be recovered or extracted

2. The limitation of the process technology – determine the impurities 
content inside the waste

3. The pollution control system installed to treat effluent or flue gas 
generated from the recovery process.

• The range should not 
✓ Too wide as it will effect the system including pollution control system

✓ Too stringent as it will effect the waste received
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Kajian Kes WAC
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ASAS MASS BALANCE

Mass Balance:  An application of conservation of mass to the analysis of physical 

systems by accounting for material entering and leaving a system
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Proses

In Out

Basic equation: In = Out

Material balance can refer to:

1. Total mass
2. Total moles
3. Mass of atomic species

4. Mass of chemical compound
5. Moles of chemical compound
6. Moles of an atomic species
7. Volume (possibly)
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Important things to know:

1. System boundary – arbitrary portion or whole of a process

purposes: to determine what’s in and what’s out
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In

Out

In

In

System 
boundary
System 
boundary
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In

In

Out

Out

Option 1

System boundary
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System boundary

In

In Out

In
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System boundary

Out

In

Out
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System boundary
Out

In

Out

Out
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Important things to know:

2. Units - material in and material out



BAHAGIAN BAHAN BERBAHAYA
HAZARDOUS SUBSTANCES DIVISION

JABATAN ALAM SEKITAR
DEPARTMENT OF ENVIRONMENT

41

Important things to know:

3. Basis calculation – clearly stated basis and assumption e.g – raw material 
criteria, product specification, proses condition, steady state etc.

Raw Material Product

Residue

WAC Product Spec

WC
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Raw Material Product

Residue

WAC Product Spec

WC
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CONTOH
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Thank you.

Q & A
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