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ABSTRACT 

The challenge facing South African foundries today are compliance with the environmental 

legislations while maintaining a high production rate. The focus of this study is to assist 

foundries to comply with National Environment Management Air Quality Act 39 of 2004. 

The aim of the study is to achieve a foundry with high production rate with low energy 

consumption and low emissions, while complying with air quality legislation.  

Data was collected from foundries within the Cities of Ekurhuleni and Johannesburg. 

Foundries were requested to provide information such as the raw materials feed rate, and 

production rate, emission units, type of energy used and consumption rates. Seventeen 

foundries participated in this study. Data collected from these foundries assisted in 

determining the emissions rate generated during production process. Emissions were 

quantified from the foundries using emission factors.  

 

In this study electricity and natural gas were found to be the most preferred source of energy 

in the foundries. An energy intensity relationship exists, for both electricity and natural gas 

and its production rate. The results indicated efficiency of energy intensity of 0.25 to 6.37 

GJ/Tonne in the foundries. 

 

Selection of furnace used by the facilities plays an important role on the energy saving and 

emission reduction. Foundries that need to reduce particulate matters on the melting should 

consider electric arc furnace because it generate less particulate matters than open hearth. 

Foundries that would like to reduce sulphur dioxide should consider electric arc furnace 

rather than open hearth. Foundries that have challenges on the NOx should consider open 

hearth furnace than electric arc. An installation of suitable abatement systems should also be 

considered for the reduction of other pollutants. Results indicated that installation of 

abatement system at 95% efficiency will decrease emission rates by twenty times.  Study 

reveals that 3.93 kg is polluted to the atmosphere per tonne of production in a month for the 

foundries that do not have abatement system and installation of abatement system will 

decrease air pollution from 3.93 to 0.20 kg per tonne to the atmosphere. 
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CHAPTER 1: INTRODUCTION 

1.1 Background 

 

Iron and steel production plays a significant role in human activity. However, the 

consumption of energy is often associated with a range of effects on the environment. The 

foundry industry provides products, which are widely used in the agricultural, mining and 

manufacturing industry, as well as other industries (Fore & Mbohwa, 2010).  

 

Foundries have environmental impacts that include air, land and water pollution. The recent 

increased focus on environmental issues necessitates a closer examination of the utilisation of 

energy. Identification of the energy consuming processes and their inefficiencies, and 

focusing attention on these specific processes will inevitably result in energy savings and 

efficiency improvements, as well as a reduction in the environmental impact (Schifo et al., 

2004). 

 

Gauteng has significant metallurgical ore resources. These ore resources are used as raw 

materials in the ferroalloy industry, and related industrial chemicals industries (Department of 

Environmental Affairs: High Priority Area, Air Quality Management Plan, 2011). The 

foundry industry is a major energy consumer and exerts a significant effect on the 

environment (Geilen et al., 2002). 

 

The City of Ekurhuleni and part of the City of Johannesburg have been declared as air quality 

priority area ,namely the Highveld priority area and the Vaal triangle airshed priority area 

respectively in terms of Section 18(1) in terms of the National Environmental Management: 

Air Quality Act, 2004 (Act No. 39 of 2004) which was published in November 2007. The 

Priority Areas was declared due to poor air quality, and an elevated concentration of criteria 

pollutants within the area (Department of Environmental Affairs: High Priority Area, Air 

Quality Management Plan, 2011).  

 

Increasing environmental problems related to the increase in production and consumption 

have contributed to the development of the concept of sustainable development (Fortunski, 

2008). 
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The productions of ferrous are either primary or secondary products. The primary production 

is derived from ores that are mined and further treated being processed metallurgically to 

produce crude metal. The secondary production is indigenous scrap and residues and may 

also undergo some pre-treatment to remove coating materials (National Pollutants Inventory, 

1999).  

 

This study is focused on the emission reduction and energy conservation on the production of 

ferrous foundries within the Cities of Ekurhuleni and Johannesburg (Fatta et al., 2004) 

researched on industrial pollution and control measures for a foundry in Cyprus and 

developed guidelines for the application of best available technologies for 14 industrial 

categories; with the foundry being one of them. 

 

1.2 Objective and Motivation  

 

1.2.1 The Objective of the Study 

 

The main aim of this study is to investigate energy conservation and emissions reduction in 

ferrous industries in the cities of Ekurhuleni and Johannesburg. The specific objectives are: 

a. the evaluation of energy consumption in seventeen ferrous industry 

b. the evaluation of NOx, SOx and particulate emissions from the selected factories 

c. the evaluation of energy savings in order to comply emission standards in 2015 and 

2020 

d. analysis of fuel-switching and cost implications for energy savings and emissions 

reductions. 

 

1.2.2 The Motivation for the Study  

 

a. the study could potentially assist foundries in addressing the reduction of emissions and 

achieving high productivity and energy efficiency. 

b. it could help to reduce air pollution within the foundry’s plant, maintaining worker 

health and comfort level. 

c. the study will assist foundries to adhere to the environmental legislation. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction  

 

Foundries produce ferrous and non-ferrous materials, and high temperatures are used in the 

furnace for melting of raw materials. This study will focus on the productions of ferrous 

materials. The state of South African ferrous foundries production will be discussed. The 

study will describe ferrous foundries and the stages involved in the production. 

 

This study will present details of the material and energy flow in ferrous production. 

Indications of energy distribution in the foundries from previous studies are discussed. The 

current Air quality legislation in South Africa of ferrous foundries known as the National 

Environmental Management Air Quality Act (NEMAQA) 39 of 2004 from  outdated 

legislation known as Atmospheric Pollution Prevention Act 45 of 1965(APPA) are 

considered.  

 

In terms of NEMAQA, all foundries involved in producing and or casting of iron, iron ores, 

steel or ferro-alloys, including the cleaning of casting and handling of casting mould 

materials, require an atmospheric emission licence for legal operation in South Africa. The 

study will focus on the three legislated pollutants which are particulate matters, nitrogen 

oxides expressed as nitrogen dioxide, and sulphur dioxide and also on methods used for 

pollutants estimating ferrous emission. 

2.2 Ferrous foundries 

 

Currently there are two main ways for the production of ferrous and these are primary steel 

using iron ores and scraps, and secondary steel production using scraps. Ferrous foundries are 

the foundries that produce steel and iron castings. Raw materials used for the secondary 

production of ferrous are steel scrap and alloys, and casting returns and pig iron. The metals 

are melted into the furnace. The elements used in the production process of ferrous are silica, 

carbon, sulphur, Manganese (Geilen et al., 2002).  

 

Furnaces are used to melt iron and other metals. The melting capacities of cupola furnaces 

generally range from 3–25 metric Tonne per hour (t/h) (Geilen et al., 2002). Induction 
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furnaces are also used in zinc, copper, and brass foundries. Electric arc furnaces are usually 

used in stainless steel and sometimes in copper foundries (Geilen et al., 2002).  

 

The mould contains channels for introducing and distributing the metal. To produce a design 

shape for the required product, the cores must be durable, and so strong bonding agents are 

used for the core, as well as for the moulds themselves. These bonding agents for the sand are 

usually organic resins, but inorganic ones are also used. Plastic binders are used for the 

manufacture of high-quality products. Sand cores and chemically bonded sand moulds are 

often treated with water-based or spirit-based blacking to improve surface characteristics 

(Geilen et al., 2002). 

 

Moulds are produced by using supplied patterns to impart an impression of the sand.  In order 

to harden the sand furan resins are mixed in with the sand along with hardeners or  gas into 

the sand.  The hardened parts of the moulds are assembled together and prepared for casting.  

The metal is casted and allowed to solidify in the mould.  Once the mould and metal is at a 

suitable temperature the sand is separated from the solidified metal (casting).   

 

Ferrous products have various chemical compositions depending on the need of the customer. 

Chemical compositions are added for different uses of the product. Grey irons contain more 

than 95 percent with carbon silicon and manganese. Ductile irons are consist of iron with 

carbon, silicon and magnesium. Additions of 30 percent chemical compositions of chromium 

and or nickel on the iron provide hardness and heat treatment.   

 

As seen in Figure 1, steel production has different chemical properties compared with iron 

production. Stainless steel is corrosion resistant due to the 30 percent addition of chromium 

and up to 40 percent nickel. Carbon steel contains carbon level up to 1.7 percent and 

manganese up to 1.6 percent.  Low carbon iron alloy contain 3 to 5 percent chromium and 2 

to 8 percent nickel. 
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Ferrous Production
 

Iron
 

Steel
 

Grey: containing > 95% iron with 
carbon, silicon and manganese.
 
Ductile: iron with carbon, silicon and 
magnesium.

Malleable: constituents as grey iron. 
Cast in cold condition, graphite
aggregated through heat treatment 
(mainly historic).

Alloy: containing up to 30% each of 
chromium and/or nickel to provide
additional hardness and heat-treat 
ability.

Carbon steel: contains carbon levels 
up to 1.7% (typically 0.1 to 0.5%) 
and manganese up to 1.6%.

 
Low alloy steel: a low carbon 
(0.35% maximum) iron alloy 
containing 3 to 5% chromium and 
2 to 8% nickel.

Stainless steel: iron base alloy 
containing up to 30% chromium 
and/or up to 40% nickel. 
Corrosion resistance increases 
with Cr/Ni content.

 

Figure 1: Metals Used for Casting Production 

2.3 State of Ferrous Production in South Africa 

 

South Africa foundries are ranked 19th in the world in regards to their production figures in 

terms of tonnage cast, with approximately 500 000 Tonne, of which 60 percent is ferrous and 

40 percent is non-ferrous. This is a 26 percent increase over the previous three years (Bean, 

2015).According to Phele et al, 2005, the South Africa foundry industry mainly serves the 

mining, automotive and general engineering sectors. The percentage distribution of the above 

sectors was given at approximately of 40 to 50 percent were manufactured for automotive 

sector, followed by mining sector which accounted for 500 000 Tonne of metal cast and 80 

percent was ferrous and 20 percent of non-ferrous (Viljoen, 2003).  

 

As mentioned by Phele et al., (2005), more than half of the foundries in South Africa are 

located in Gauteng. In 2015 Gauteng province accounted 114 foundries which represents 66 

percent according to the South African Institute of Foundrymen (2015). South Africa had 

about 450 foundries in the 1980s and just over 200 in 2003. Between 2007 and 2011 another 

13 percent closed and employment in the industry declined by 30 percent (The Industrial 

Structures and Skills in the Metals Beneficiation Sector of South Africa Report, 2015). 
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Local foundries are the most important role player as far as the Gross Domestic Product 

(GDP) is concerned. Foundries contribute R9 048 million per annum to the South African 

GDP. Its eventual closure through policy neglect will severely impact the South African 

Economy (Davis, 2013). 

Mr Ufikile Khumalo executive chairman of Scaw Metal in South Africa, says "Due to the 

continuing poor local demand over the last couple of years, the remaining players have not 

invested in the required capital equipment and new technologies". The increasing input cost 

of raw materials and electricity, poor and inconsistent local demand for foundry products and 

rising imports are all contributing to the decline. 

 

2.4 Stages of Ferrous Production 

 

Production of iron and steel has different stages consisting of energy consumption and the 

emission generated from such process. Basically foundries melt ferrous and non-ferrous 

metal to produce their final product through the solidification of molten metal.  

 

The first stage in the foundry process of the typical foundry is the receiving of raw materials 

which include sand, scrap metal and metal billets and have high source of particulate matter 

and metal dust. Dust generated dust from this stage is normally mitigated under a covered 

area. In case of uncovered area, water is used to supress the dust generated during handling. 

 

The second stage in the foundry deals with metal melting and treatment in an appropriate 

furnace. Foundries use different furnace to melt raw materials as seen in Figure 2 below. The 

furnace is the source of most pollutants and flue gas must be treated before discharge from 

the stack. The choice of furnace by the foundry managers influences energy saving and 

emissions generated. 

 

Particulate matter fumes emitted from melting furnace result from the condensation of 

volatilized metal and metal oxides. The highest concentrations of furnace emissions occur 

when furnace doors are open during charging, slag removal and tapping operations.  The 

owners of foundries have been encouraged by air quality licensing authority to install 
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extraction system on the exit points of gaseous furnaces to the melting stage of raw materials. 

Controls for emissions from the melting process and refining operations focus on venting the 

furnace gases and fumes directly to an emission collection duct and control system.  

 

Scrap contains volatile organic compounds and dirt particles, along with oxidised 

phosphorus, silicon, and manganese. In addition, organics on the scrap and the carbon 

additives increase carbon monoxide emissions.The major pollutant emitted in moulds and 

core production operations are particulates from sand reclaiming, sand preparation, sand 

mixing with binders additives, and mold and core forming. Industrial data for Gauteng 

province has confirmed the significant contribution to metallurgical processes of ambient air 

which is greater than any other categories.  

 

The third stage of the foundry deals with the preparation of moulds from sand. Sand is the 

main source of particulate matter in this stage. The handling of sand plays a significant role a 

particulate matters. Preparation of moulds should be done in a cover area to avoid wind. 

Some foundries have a recycling sand plant which generates high volume of particulates. 

During this stage conveyer belts should be covered. The unit operation which generates a 

high volume of dust from the sand recycling plant is called a sand breaker. This mentioned 

unit operation should be connected with bag filter to collect recycle sand. 

 

The casting of the molten metal into a mould generates similar pollutants in the second stage 

because it deals with pouring of molten metal. This process should also have an abatement 

system connected to the stack. This stage includes cooling the molten metals in the mould 

and removing the final product from the mould. Separation of a final product from mould 

sand generates particulates matter. Separation area of the sand and final product, particulates 

should channelled to a point source and should mitigate such pollutant through a suitable 

abatement system. 

 

The finishing stage includes grinding to remove imperfect surface of the product to produce 

the desired product. This stage generates high metal dust and particulates. This stage includes 

painting of the product which generates a volatile organic compound. The main concern is 

particulate matters in this stage and it should be done indoors to minimise dispersion of 

particulate to atmosphere. The pollutant generated should go through abatement system 

before discharge to atmosphere.  
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Figure 2: Schematic diagram of the foundry process (Department of Environmental 

Affairs, Republic of South Africa, Companion Document. NEMAQA NO 39 of 2004) 

 

2.5 Material and Energy Flow in Ferrous Production 

2.5.1 Introduction 

 

Material and energy flows are connected to the extraction, production, consumption or use, 

and disposal of materials and products. Material and energy flow in ferrous production is the 

method to analysing flow from input raw material to output product across ferrous industrial 

sectors within ecosystems. The economic development increases the amount of material flow 

and energy consumption which then become great problems for mankind. 

 

The foundry industry is an energy intensive industry, and therefore an energy accounting 

study is necessary to determine where and how energy is being consumed. Determining the 

energy consumption pattern for foundries in the Johannesburg and Ekurhuleni area is an 

essential part of this study. Energy studies can be used to understand the way energy is used 
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in a foundry and these studies can help to control energy costs by identifying areas where 

wastage can occur. 

 

Foundries usually focus on high production rates which require high energy consumption and 

there is a strong need for assistance in energy saving. This study describes the current energy 

conservation situation in iron and steel industry and also identifies areas with the potential for 

energy saving.  

 

2.5.2 Material Flow in Ferrous Production 

 

Ferrous metals are part of our everyday life, used to make different products like cars, trains, 

train tracks, ships, aeroplanes, cutlery, pots and pans. In general, iron and steel scrap 

recycling involves collection, sorting, baling, packetting, cutting, shearing, shredding and/or 

sizing, possibly also cryogenic processes, and final melting at the steelworks (Muchova & 

Eder, 2010).  

 

As indicated below in Figure 3, the first step in metal recycling is the collection of metal 

scraps. There are two different sources of scraps which are new scrap and old scrap. New 

scrap is generated from manufacturing processes and old scrap is collected after a use cycle. 
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Collection of metal Scraps

 

Physical Separation of the Scraps

 

Processing of the metal to form a Product

 

Purchase and use of Product

 

Disposal of Product by the end user

 

Return to the Scrap Collection

 

 

 

Figure 3: Material flow diagram in the ferrous production (Robert, 1989) 

 

Metal items can be easily sorted through the magnetic separation process. Basically metal 

sorting involves separating ferrous from non-ferrous metals. Ferrous metals contain iron, and 

are attracted by magnets. This allows iron and steel to be pulled from a waste stream easily. 

Large pieces of scrap can be moved by cranes fitted with an electromagnet. This type of 

crude machinery is most often seen at salvage yards. 

 

Recycler foundries metals processing starts with compact of the metal. All the appliances are 

squeezed and squashed in the machines so that they occupy less space. The next step in the 

processing of the metals is the melting of scrap metal in a furnace. The melting process 

includes adjusting of the chemical composition of molten metal and tapping molten metal 

into moulds. The final step in the process usually involves grinding, sanding, 

or machining the component in order to achieve the desired dimensional accuracies, physical 

shape and surface finish. After processing of the metal, the  final product will be ready for the 

market. 

 

 

http://www.magsep.com/material-sorting-equipment/metal-sorting-equipment/
http://www.magsep.com/material-sorting-equipment/metal-sorting-equipment/
https://en.wikipedia.org/wiki/Machining
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2.5.3 Energy Consumption in Ferrous Production  

 

In a foundry, energy management may be defined as the strategy of adjusting and optimising 

energy usage, using systems and procedures so as to reduce energy requirements per unit of 

output while holding constant, or reducing, the total costs of producing the output from these 

systems (Gajanan & Mohan, 2013). 

 

 Energy conservation and emission reduction is closely related to the survival and 

development of the industry, and it is also a key point of sustainable development of the local 

economy. Therefore, the cost of electricity and optimum operation of electrical utility 

components within the foundry are one of the primary concerns of management (Vancouver 

et al., 1997).  

 

South African Industrial sectors are some of the biggest consumers of energy and use almost 

45 to 49 percent of energy (Matlala, 2004). In the industrial sector, iron and steel use 29 

percent of the energy in the industrial sub-sector (Davidson, 2006). 

 

Foundries consume high amounts of energy in the furnaces during melting of metals. The 

factors influencing  furnace energy consumption per unit of production include scrap steel 

quality, product type and specification, capacity utilisation, pig iron content, blown oxygen 

content, furnace feeding time, daily operating furnace number and electricity consumption 

per unit of liquid steel (GJ/Tonne) (Hong et al., 2010).   

 

The energy pattern shown in Figure 4 below is helpful in understanding the way energy is 

used in a foundry and helps to control energy cost by identifying areas where waste can occur 

and where scope for improvement may be possible. 
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Figure 4: Energy applications in a typical foundry (Source: Fore & Mbohwa, 2010) 

 

Most of the energy in the foundry is utilised in the furnaces.  According to Figure 4, the 

furnaces account for 45 percent of the energy. Energy is a major cost for all foundries, 

typically accounting for around 10 percent of the total operating costs (The Foundryman, 

1997a and b). The energy audit at the Swedish iron foundry resulted in a number of potential 

energy efficiency measures with the aim of reducing energy costs. The largest energy saving 

measures is found in the melting and holding processes. Proposed measures include 

investment in a new induction furnace (Patrik at el., 2005). 

 

Reductions in the consumption of energy such as electricity lead to reductions in demand for 

electricity and, consequently, reductions in emissions from the thermal electric power 

generating station (Seweryn, 2011).It is important to initiate improved energy saving and 

emission reduction in the ferrous foundries. Energy saving accomplished by any method 

contributes to the reduction of the overall pollution of environment. These days the approach 

to environmentally sustainable industrial development is widely discussed and adopted. 

 

For proper energy management system it would be necessary to choose an efficient furnace 

that must fit in with the specifications of the foundry. Although high energy expenses are a 

significant concern for metal casters, many foundries are using melting technologies with 

poor energy efficiency. The amount of heat put into the furnace, the thermal efficiency, refers 

to the percentage of that heat that actually melts the metal. The remaining heat is lost, through 

for example, inefficient combustion, and housing and flue of the furnace (Gajanan & Mohan, 

2013). Efficiency improvements are found in most new furnaces (Berntsson et al. 1997). 

45% 

17% 

15% 

12% 

8% 
3% 

Energy applications 

Furnaces

Heat treatment

Moulding and core making

Heaters

Lighting and heating

Compressor
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2.6 Air Quality Legislation relating to Foundries in South Africa 

 

2.6.1 Air Quality Regulations 

 

The minister of water and environmental affairs must, in accordance with the NEMAQA (Act 

No. 39 of 2004) publish a list of activities which result in atmospheric emissions and which 

are believed to have significant detrimental effects on the environment and human health and 

social welfare. The Listed Activities and Minimum National Emission Standards were 

published on the 31st of March 2010 (Government Gazette No. 33064). 

 

Since 1965, Air Quality Management in South Africa has been informed and regulated by the 

Atmospheric Pollution Prevention Act 45 of 1965(APPA). The APPA, since 1996, has been 

regarded as being out-dated and unconstitutional with the introduction of the Air Quality Act 

39 of 2004. APPA did not accommodate the constitutional allocation of functions in respect 

of the role of provincial and local government; it did not have adequate compliance and 

enforcement mechanisms to implement the Act; it lacked transparency in the decision-making 

process; and the air quality management approach was largely based on point-source emission 

control that did not fully address the cumulative impacts of air pollution (Peter, 2009). 

 

The NEMAQA provides for the setting of air quality standards and these include the national 

ambient air quality standards in terms of section 9 and the minimum emission standards for 

the listed activities in terms of section 21, controlled emitter in terms of section 23 and 

national dust fall regulation in terms of 32. Air quality standards are designed to protect 

human health and are based on the detailed analysis of human and exposure data.  

 

National ambient air quality standards are set for seven common air pollutants often called 

criteria pollutants which are considered of concern because of their widespread distribution 

and known effect on health. Pollutants are measured from ambient air quality monitoring 

stations and these include nitrogen oxides (NOx), Sulphur dioxide (SO2), Benzene, 

Particulates (PM10) and Ozone (O3) except lead (Pb) and carbon monoxide (CO). 
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2.6.1.1 Atmospheric Pollution Prevention Act 45 of 1965 

 

The Atmospheric Pollution Prevention Act focused on the source and not the receiving 

environment and this resulted in the creation of air pollution hotspots. The APPA certificates 

were issued by the Health Department, Labour Department and the Department of 

Environmental Affairs. Most of these APPA certificates had no emission limit or control 

requirements. Non-compliance with the conditions of APPA certificate was not an offence. 

There were only five Air Pollution Control Officers to monitor and manage emissions from 

all sources in the country.  The category used to be controlled under scheduled process No. 

30: Iron and Steel Process.  

 

2.6.1.2 Air Quality Act 39 of 2004 

 

The Air Quality Act came into effect on 01 April 2010 and the licensing function was 

transferred to municipalities. Unlike the Atmospheric Pollution Prevention Act, the Air 

Quality Act set emission limits of point sources with a focus on the receiving environment. 

Atmospheric Emission Licenses issued in terms of Air Quality Act (AQA) 39 of 2004 are 

more stringent than those of the Atmospheric Pollution Prevention Act (APPA) registration 

certificate. The burden of monitoring stations for emissions is fall upon the municipality to 

monitor various sources of emissions.  Non-compliance with the conditions of the certificate 

is punishable. 

 

The South African Bureau of Standards was engaged to assist the Department of 

Environmental Affairs in the facilitation of the development of ambient air quality standards. 

This included the establishment of a technical committee to oversee the development of 

standards. Standards were determined based on international best practice for PM10, dust fall, 

SO2, NO2, O3, CO, Pb and C6H6. 

 

The minimum emission standards for the listed activities means that atmospheric emissions 

and which the Minister reasonably believes have, or may have, a significant detrimental effect 

on the environment, including heath, social conditions, economic conditions, ecological 

conditions or cultural heritage, as contemplated in section 21(1) (a) of the act which specifies 

the concentration for each pollutant, that should not be exceeded. 
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The minimum emission standard of the foundries must not be exceeded under normal 

operating conditions of 273 K temperature and a pressure of 101.3 kPa, in terms of the 

National Environmental Management: Air Quality Act number 39 of 2004, Standard and 

Regulations, under category 4, Subcategory 4.10: Measurement of must be in line with 

schedule A of the act.  

 

Table 1: South Africa, Standards and Regulations Emissions for the Foundries. 

 (Department of Environmental Affairs, Republic of South Africa, NEMAQA NO 

39 of 2004 (as amended), Section 21 Subcategory 4.10)  

  

Substances Plant Status 

mg/Nm
3
Under 

normal  conditions of 

273K and 101.3 kPa 

   Particulate Matter New 30 

  Existing 100 

Sulphur Dioxide New 400 

  Existing 400 

Oxide of Nitrogen New 400 

  Existing 1200 

 

The objectives of Table 1 standards are: 

(a) to protect the environment by providing reasonable measure for: 

  (i) the protection and enhancement of the quality of air in the Republic; 

 (ii) the prevention of air pollution and ecological degradation; 

(iii) securing ecologically sustainable development while promoting justifiable   economic 

and social development; and, 

(b) generally to give effect to section 24(b) of the Constitution in order to enhance the 

quality of ambient air for the sake of security an environment that is not harmful to be 

health and well-being of people (Bill of Right Constitution of the Republic of South 

Africa.1996). 

Total minimum emission standards are measured in terms of the National Ambient Air 

Quality Standards. Particulate Matter10 and the Benzene pollutants ambient standard will be 
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stricter as from the 1
st
 January 2015. The frequency of pollutants informs compliance, 

number below frequency of permission per average period indicate compliance with such 

areas. High frequency of exceedance results in non-compliance for the ambient air of such 

areas. 

 

Industries emission results must be submitted to the Atmospheric Licencing Authority at least 

once in a year, or more than once a year depending on the decisions taken by the relevant 

licensing authority.  Emissions from foundries may not exceed the minimum emission 

standard set in Table 1 to comply. 

 

Table 2: South Africa, National Ambient Air Quality Standards. 

(Department of Environmental Affairs, Republic of South Africa, NEMAQA 

NO 39 of 2004, National Ambient Air Quality Standards) 

 

Pollutant Average Period 

Concentration 

(μg/m
3
) 

Frequency of 

Exceedance 

Sulphur dioxide 10 minutes 500 526 

  1hour 350 88 

  24-hr 125 4 

  1 year 50 0 

Nitrogen dioxide 1 hour 200 88 

  1 year 40 0 

Particulate Matter 10 24 hours 

120 to 75(01 Jan 

2015) 4 

  1 year 50 to 40(01 Jan 2015) 0 

Ozone 8 hours (running) 120 11 

Benzene 1 year 10 to 5(01 Jan 2015) 0 

Lead 1 year 0.5 0 

Carbon Monoxide 1 hour 30 mg/m
3
 88 

 

(8 hours calculated on 1 

hour averages) 10 mg/m
3
 11 

These standards were published for comment in the Government Gazette on 9 June 2007. The 

proposed revised national ambient standards were published for comment in the Government 
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Gazette on the 13th of March 2009. The final revised national ambient standards were 

published in the Government Gazette on the 24th of December 2009. 

 

2.7 Emissions from Ferrous Production 

2.7.1 Types of Emissions from Ferrous Industries 

 

Emissions are related to energy efficiency and production. Emissions are generated in the 

production process, and the energy usage from different fuels such as fossil fuel, and coal, oil 

and natural gas would eventually be converted into emissions (Yuanyuan et al., 2010). 

Quantification of pollutant is the first step in preparation to reduce formation of such 

pollutants and the mitigation and reduction strategies are in line with knowing how much is 

emitted. 

 

Pollutants emitted in the foundry industry mainly consist of waste gas, sand, slag and dust, 

which happens during the melting and sand treatment stages and could be reduced by means 

of waste recycling, then application of environmental protection devices, the optimisation of 

process techniques, and increasing castings yield rate and quality (Yuanyuan et al., 2010). 

 

Figure 3 shows the different possible sources of pollutants arising from foundry processes. 

Particulate matter arises from raw material handling, melting of metals, sand preparation, 

casting and the fettling process.  Carbon monoxide is formed due to the incomplete 

combustion in the furnaces. For the combustion process to take place fuel and air are required 

and air composes of plus or minus 79 percent of nitrogen gas. Nitrogen dioxide mostly results 

from fuel to air ratio during from the combustion process. Most of the metals have sulphur as 

one of the elements incorporated in the finish product. The other main source of sulphur 

dioxide is from energy used during metals melting. 

 

In terms of the National Environmental Management Air Quality Act 39 of 2004, category 

4:10 foundries, there are three legislated pollutants which are particulate matter, nitrogen 

oxides and sulphur dioxide.  

 



 

26 
 

2.7.1.1 Particulate Matter  

 

Particulate matter is one of the major pollutants emanating from foundries. Particulate matter 

consists of fine solid or liquid added to the atmosphere by processes at the earth’s surface. 

Particulate matter includes smoke, dust pollen, soot and solid particles. Particulate matter 

generated can be characterised as discrete particle spanning several orders of magnitude in 

size, with inhalable particle falling into general size fractions (www3.epa.gov/pm/basic.html, 

2015). 

 

Emissions of particulate matter from the melting and treatment of molten metal, as well as 

from mould manufacture, shakeout, cleaning and after-treatment, is generally of greatest 

concern. Particulate matters may contain metals that may be toxic (Geilen et al., 2002). Oil 

mists are released from the lubrication of metals. Odour and alcohol vapour (from the surface 

treatment of alcohol-based blacking) and emissions of other volatile organic compounds are 

also of concern (Geilen et al., 2002).  

 

Particulate matter is the main problematic pollutant arising from foundries production.  

Almost all production processes in foundries emit particulate matter. Dust abatement systems 

should be taken into consideration on reduction of particulates. The Cities of Ekurhuleni and 

other areas of the Cities of Johannesburg has been identified as the priority area  and 

particulate matter is the most problematic pollutant followed by 

SO2(http://www.saaqis.org.za, 2016). 

 

A study in Finland by Lilja and Liukkonen (2008) showed that the amount of foundry dust 

fluctuates between 46 and 460 t/a, but showing a steady decrease in more recent years. The 

study pointed out that one reason for the declining trend they had observed with hazardous 

waste may have been the increased recycling of foundry dusts back to the process (Daniels, 

2005). 

 

Exposure to particulate matter can affect lungs and heart. The size of particles is directly 

linked to their potential for causing health problems. Small particles of less than 10 

micrometres in diameter pose the greatest problems, because they can get deep into person’s  

lungs, and some may even get into his/her bloodstream. Small particles of concern include 

"inhalable coarse particles" (such as those found near stock piling of raw materials), which 

http://www.saaqis.org.za/
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are larger than 2.5 micrometres and smaller than 10 micrometres in diameter; and "fine 

particles" (such as those found in smoke and haze), which are 2.5 micrometres in diameter 

and smaller. 

 

When a foundry operates under normal conditions of 273 K and 101.3 kPa, minimum 

emission standard for PM should not exceed 100 mg/Nm
3
 and in 2020 the limit will be 30 

mg/Nm
3
 for the existing plant.  A new plant should comply immediately with the minimum 

emission standard of 30 mg/Nm
3
 on the receipt of the atmospheric emission license. 

2.7.1.2 Nitrogen Oxides 

  

Nitrogen oxides are formed during the thermal processing of metals. Emissions engineering 

control of nitrogen oxides in a foundry should focus on the emissions arising from molten 

metals and fuel used during the combustion process. It is important to quantify nitrogen oxide 

expressed as nitrogen dioxide from foundries so as to determine compliance with regards to 

minimum emission standard (refer to Table 1, page 23) and the national ambient emission 

standard (refer to Table 2, page 24).   

 

Nitrogen dioxide can irritate the lungs and lower resistance to respiratory infections such as 

influenza. The effects of short-term exposure are still unclear, but continued or frequent 

exposure to concentrations that are typically much higher than those normally found in the 

ambient air may cause increased incidence of acute respiratory illness in children. Nitrogen 

oxides in the air can significantly contribute to a number of environmental effects such as 

acid rain. 

 

In terms of NEMAQA, foundries should operate under normal conditions of 273 K and 101.3 

kPa and minimum emission standard of NOx should not exceed 1200 mg/Nm
3
, however in 

the year 2020 the limit will decline to 400 mg/Nm
3
 for the existing plant.  The new plant 

should comply immediately with the minimum emission standard of 400 mg/Nm
3
 on the 

receipt of the atmospheric emission licence. 

2.7.1.3 Sulphur Dioxide 

 

Sulphur dioxide pollutants emanate from various sources including sulphur from metal 

chemical composition, and sulphur dioxides formed as the decomposition of the melted 
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metals during high temperatures. Other sources of sulphur dioxide from foundries are due to 

the type of energy used. Most of the fuel used to melt metals contains sulphur. During the 

combustion process, sulphur dioxide is formed along with other pollutants such as nitrogen 

oxides and carbon dioxide. 

 

Sulphur dioxide is associated with asthma, chronic bronchitis, morbidity and mortality 

increase in old people and infants. Sulphur is highly noxious venom for people's health, 

although humans can be more resistant than other creatures that live with them. The exposure 

to sulphates and the exposure to acids derived from sulphur dioxide is extremely risky for 

people's health because these compounds enter the circulatory system directly through the 

airways. 

 

When a foundry operates under normal conditions of 273 K and 101.3 kPa, the minimum 

emission standard should not exceed 400 mg/Nm
3
 and in 2020 the limit will be 400 mg/Nm

3
 

for the existing plant.  The new plant should comply immediately with the minimum 

emission standard of 400 mg/Nm
3
 on the receipt of the atmospheric emission licence. 

2.8 Methods for Estimation Emissions 

2.8.1 Direct Measurement 

 

The most accurate way of estimating emissions from a source is by directly measuring the 

concentration of air pollutants in the stack gas. Stack tests and continuous emission 

monitoring systems are two methods of collecting actual emission data.  

 

The use of source test data reduces the number of assumptions of the applicability of 

emissions data from a source; as well as the control device efficiency, equipment variations, 

and fuel characteristics. Even then, the results will be applicable only to the conditions 

existing at the time of the testing or monitoring.  

 

2.8.1.1 Sampling Data 

 

Sampling data provides a "snapshot" of emissions during the period of the test. Samples are 

collected using probes inserted into the stack, and contaminants are collected in or on various 
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media and sent to a laboratory for analysis. Contaminant concentrations are obtained by 

dividing the amount of contaminant collected during the test by the volume of the sample. 

Emission rates are then determined by multiplying the contaminant concentration by the 

volumetric stack gas flow rate. Emission loadings are then determined from these emission 

rates and the total period of operation. 

 

These tests are conducted according to established methods and procedures published in 

NEMAQA 39 of 2004 Schedule A- Methods for sampling and analysis. Only trained stack 

testers should perform the stack tests. 

 

 2.8.1.2 Continuous Emission Monitoring 

 

Continuous emission monitoring systems involve the installation of monitoring equipment 

that accumulates data onto a pre-determined time schedule in a stack or duct. The continuous 

measurements provide data to all operating conditions. Emissions data are available through 

direct measurement using continuous emissions monitors, usually located in the exhaust 

downstream of a combustion device.  

 

Information obtained from continuous emission monitoring systems is considered reliable, 

provided the devices are subject to a quality control per quality assurance program that 

includes appropriate calibration. A continuous emission monitoring system provides a 

continuous record of emissions over an extended and uninterrupted period of time. Various 

principles are employed to measure the concentration of pollutants in the gas stream. These 

principles are usually based on photometric measurements (Fisher, 1993).  

 

Instrument calibration drifts can be problematic for continuous emission monitoring systems. 

The owner is responsible for the proper calibration, operation, and validation of the 

monitoring equipment and emission data. Stack tests and continuous emission monitoring 

systems directly measure two important values: the concentration of a specific air pollutant in 

the stack gas to flow rate (Jahnke & Marshall, 1994).Continuous emission monitoring is not 

mandatory for the category 4: Metallurgical Industry, subcategory 4.10: Foundries in terms of 

NEMAQA 39 of 2004.  
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2.8.2. Mass Balance 

 

Mass balances is a method that estimates emissions by analysing inputs of raw materials to an 

emission unit and accounting for all of the various possible outputs of the raw materials in the 

form of air emissions, wastewater, hazardous waste, and/or the final product. As the term 

implies, it is necessary to account for all the materials going into and coming out of the 

process for such an emission estimation to be credible.  
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Figure 5: Mass Balance in the Foundry  

   

The basic equation used in mass balances calculation is: 

If the condition is at steady state and no chemical reaction is involved 

𝐼𝑛𝑝𝑢𝑡 =  𝑂𝑢𝑡𝑝𝑢𝑡 … … … … … … … … … … … … … … … … … … … … … … … … … . 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 01 

 

For unsteady-state reactive processes: 

𝐼𝑛𝑝𝑢𝑡 + 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = 𝑂𝑢𝑡𝑝𝑢𝑡 + 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 … … … … … … … … … … … … 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 02 

 

Mass balances are greatly simplified and very accurate in cases where all of the consumed 

solvent is emitted to the atmosphere. Material balances are almost always prerequisites of all 

other calculations in the solution to process engineering problems. 

 

 Material balances are nothing more than the application of the law of conservation of mass, 

which states that mass can neither be created nor destroyed. A material balance is an 

accounting for material around the system. Thus, material balances are often compared to the 
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balancing of current accounts. Material balances are used in industry to calculate mass flow 

rates of different streams entering or leaving chemical or physical processes.  

2.8.3 Engineering Calculations-Fuel Analysis 

 

Fuel analysis can be used to predict emissions based on the application of mass balance. The 

presence of certain elements in fuels may be used to predict their presence in emission 

streams. These include toxic elements such as metals found in coal, as well as other elements 

such as sulphur, that may be converted to other compounds during the combustion process. 

 

The burning of coal, fuel oil, and natural gas to produce power and heat is one of the most 

significant sources of particulates and oxides of sulphur and nitrogen emission to the 

atmosphere. 

 

The basic equation used in fuel analysis emission calculation is (USEPA, 2002): 

𝐸𝑅 = 𝑅 × 𝑃𝐶 ×  (
𝑀𝑊𝑝

𝑀𝑊𝑓
) … … … … … … … … … … … … … … … … … … … . … . 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 03     

where: 

ER= Pollutant emission rate 

PC= Pollutant concentration in fuel (100 percent) 

R= Fuel flow rate (kg/hr) 

MWp= Molecular weight of pollutant emitted (kg/kg-mole) 

MWf= Molecular weight of pollutant in fuel (kg/kg-mole) 

 

2.8.4 Emission Factors 

 

An emission factor is a representative value that attempts to relate the quantity of a pollutant 

released to the atmosphere with an activity associated with the release of that pollutant. An 

emission factor is a ratio of the amount of a pollutant emitted per throughput of material. 

Emission factors are generally derived from testing for a general source population.  

 

Emission factors are used to relate the quantity of material emitted to some general measure 

of the scale of activity. Foundries emission factor based on the quantity of fuel consumed or 

heat output of the fuel. Emission factors developed from measurements of a specific process 
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may sometimes be used to estimate emissions. Emission factors are founded on the premise 

that there exists a linear relationship between the emissions of air contaminant and the 

activity level. A wide variety of sources can use emission factors to estimate their emissions. 

 

The general equation for calculating uncontrolled emissions using an emission factors is 

(USEPA, 2002): 

𝐸𝑅𝐴 = 𝐸𝐹𝐴 × 𝐶𝐹1 × 𝐶𝐹2 × 𝐴1 × 𝐴2 × (100 −
𝐸𝐶

100
) … … … … … … … … … … . . 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 04 

Where: 

ERA = Emission of pollutant A 

EFA = Emission factors of pollutant A 

CF = 1 or more conversion factors (if necessary) 

A = 1 or more activity value 

EC = Overall emission control efficiency (percent) (if controlled) 

 

The facility may be able to develop its own emission factors based on direct monitoring 

(continuous emission measurement or sampling data) results. Facility specific established 

emission factors (mass of emission per unit time, mass of emission per input material flow, or 

mass of emission per unit output production) will be applicable to the measured processes or 

similar unit operations/processes of other facilities when the operating conditions are 

comparable. Generic emission factors are commonly used when site-specific sources 

monitoring data is unavailable. 

The basic equation used in an emission factor emissions calculation is (USEPA, 2002): 

𝐸𝑥 = 𝐵𝑄 × 𝐸𝐹𝑥 ×
100 − 𝐶𝐸𝑥

100
… … … … … … … … … … … … … … … … … … … … 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 05 

Where:  

Ex        = Emission of contaminant x, kg 

BQ     = Activity rate 

EFx    = Uncontrolled emission factors of contaminant x, kg/BQ unit 

CEx     = Overall emission control efficiency of contaminant x, percent 

Or 

𝐸𝑥 = 𝐵𝑄 × 𝐶𝐸𝐹𝑥 … … … … … … … … … … … … … … … … … … … … … … . . 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 06 

Where:  

Ex       = Emission of contamination x, kg 



 

33 
 

BQ    = Activity rate 

CEFx = Controlled emission factors contamination x, kg/BQ unit. 

2.9 Summary of the Chapter 

 

The purpose of this review has been to analyse potential energy conservation and emission 

reduction in ferrous foundries within the Cities of Johannesburg and Ekurhuleni. This is 

significant because many foundries are not complying with the National Environment 

Management Air Quality Act 39 of 2004. There has been much research and discussion 

conducted on the emission reduction and energy conservation from ferrous foundries. Most 

of the research found was on the energy conservation leads to emission reduction. More 

research is required to assist foundries to comply with the Air Quality legislation. It is 

important to conduct more studies on the results of energy reduction and energy conservation 

of the foundries to comply with the air quality legislation and save energy. 
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CHAPTER 3: METHODOLOGY 

 

3.1 Research Framework 

 

This study focuses on the foundries that are within the Cities of Johannesburg and the 

Ekurhuleni Metropolitan Municipality and main objective of this study is to analyse potential 

energy conservation and emissions reduction in the ferrous foundries. Ferrous foundries were 

requested to participate and to provide the required information for the study. 

 

Foundries that are within the Cities of Johannesburg and Ekurhuleni were requested to 

provide information such as the raw materials feed rate, and production rate, type of energy 

used and consumption rates. Seventeen foundries participated in this study. 

 

Data collected from these foundries assisted in determining the consumption rates for the 

energy used by the specific foundries and the emissions rate generated during production 

process. Emissions were quantified from the foundries using emission factors, mass balance, 

fuel analysis and ideal gas law.  

 

Stack emissions results are more accurate than emission factors results. However most of the 

foundries do not have emission stacks results due to the unavailability of an emission stack 

and its abatement system to fulfil the requirements of the prescribed methods and procedure 

on the NEMAQA 39 of 2004.  That is the reason why emission factors were selected for this 

study in attempting to quantify emissions of foundries both with and without an abatement 

emission system and stack.    

3.2 Data Collection 

 

Data was collected from foundries within the Cities of Ekurhuleni and Johannesburg. 

Foundries ware requested to provide the type and quantity of raw material and product. 

Information requested includes material of energy and consumption rates. The energy usage 

data and the source of energy included fossil fuels and electricity. 
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Nonferrous foundries were excluded from this study. All seventeen foundries participating in 

the study were visited to verify the information provided. The production range of 

participating foundries was from 1 to 27000 Tonne per month. Refer to Appendix B for more 

detail on the data collection. 

 

3.3 Method for Calculating Energy Consumption and Intensity 

 

To understand energy management for the foundries, one should gather data about energy 

used per facility and their production rate. It is important to understand energy consumption 

per tonne produced in the foundry.  Electricity and natural gas were found to be the most 

widely used energy in the foundries. 

 

Some foundries reported power in terms of kilowatts-amps ( KVA).Calculations were done to 

convert KVA to kilowatts (KW) using the following formula below: 

𝑃𝑜𝑤𝑒𝑟(𝑘𝑊) = 𝑃𝑜𝑤𝑒𝑟 𝐹𝑎𝑐𝑡𝑜𝑟 × 𝑉𝑜𝑙𝑡𝐴𝑚𝑝𝑠(𝑘𝑉𝐴) … … … … … … … . … … … . 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 07 

Using Power factor of 60 percent 

 

The ratio of power to production was calculated per foundry from data collected. 

𝐸𝑛𝑒𝑟𝑔𝑦 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 =
𝐸𝑛𝑒𝑟𝑔𝑦

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒
… … … … … … … … … … … … … … . … 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 08 

The ratio of power into production was calculated for both electrical energy and natural gas.  

Electricity consumption was converted from kWh to GJ to get uniform units for other energy 

used in the foundries. 

 

3.4 Method for Calculating Emissions 

 

The methodology of quantifying emissions from foundries is specified in NEMAQA 39 of 

2004, Schedule A-Methods for Sampling and Analysis. Calculations were done to determine 

the emissions generated from the foundries. The methods used for this study include emission 

factors, mass balance and fuel analysis.  

 

Basically, an emission factor is a ratio of the amount of pollutant emitted per throughput of 

material. The general equation for calculating emission factor is (USEPA, 2002): 
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𝐸𝑅𝐴 =  𝐸𝐹𝐴 ×  𝑃𝑅𝐴 … … … … … … … … … … … … … … … … … … … … … … … … . … . 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 09 

  

Actual potential emissions were determined by taking a day of operations into account. Most 

of the foundries do not have an emissions abatement system and that means that 100 percent 

of emission to the atmosphere an uncontrolled by any engineering control system. Theoretical 

abatement system was used with the efficiency of 90 percent reduction.  

 

Spread sheets indicate actual emission and theoretical emission on the control of 90 percent 

efficiency. 
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CHAPTER 4: RESULTS AND DISCUSSIONS 

 

4.1 Introduction  

 

The purpose of this chapter is to present and analyse the results obtained regarding the 

potential energy conservation and emissions reduction in ferrous foundries, in an attempt to 

define strategies for energy conservation and emission reduction. In this study, results were 

obtained based on a foundry without an abatement system.  

 

The results below will discuss foundries that use electricity as the source of energy and 

foundries that are using 95 percent of natural gas from the total energy consumed by the 

specific foundry. Energy intensity graphs are presented in relation to the foundry’s 

production rate. Emission results are also presented in relationship to its monthly production.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

 

Most of the foundries in the Cities of Ekurhuleni and Johannesburg do not have air quality 

abatement systems installed and that results in poor air quality. Foundries are required to 

comply with the minimum emission standard for existing plants which was promulgated on 

the first of April 2015. New plants are required to meet the minimum emission standard for 

new plant immediately. However in 2020 all plants will be required to comply with the 

minimum emission standard for new plants which is stricter than the minimum emission 

standard for existing plants 

 

4.2 Energy consumption in the foundries 

 

4.2.1 Source of energy 

 

From data collected Table 9, indicates that there are two most preferred energy sources in the 

foundries. Electricity and natural gas are the most preferred energy source in the foundries 

when compared to coal, oil, wood, diesel and other fuels.  

 

Nine (9) foundries used electricity as the sole source of energy and six foundries had more 

than 95 percent usage of natural gas. Foundry A uses oil, natural gas and electricity as the 
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source of energy, as indicated in Table 10. Foundry A uses more energy of about 27 776 GJ 

from the oil than electricity, and natural gas of about 831and 56 GJ respectively. 

 

Foundry F uses wood, oil rags, petrol, diesel, coal, natural gas and electricity as the source of 

energy. Foundry F has a consumption rate of 228 268 GJ per month for the production rate of 

about 84433 Tonne per month.  Natural gas is the second most preferred energy used of about 

26 280 GJ per month in foundry F. Refer to Table 11, for the further breakdown on the 

amount of energy used per month in  foundry F. Biomass energy was not used in  any 

foundry on the data collected. 

 

4.2.2 Relationship between energy intensity and production rate of foundries that use 

electricity only 

 

Figure 6 shows the relationship between energy intensity and production rate for the 

foundries that use electricity only on their site. The results indicate an average of 1. 8 

GJ/Tonne in a month on the average foundry, and they also indicate that with a higher 

production rate, there is lower power consumption per Tonne ratio. Foundry J has the highest 

power consumption per tonne ratio of 3.07 GJ/Tonne in a month with a production rate of 45 

Tonne. 

 

 

 

Figure 6: Relationship between energy intensity (100% Electricity) and production rate per 

month   
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Foundries K and M, have a production rate of 35 tonne per month and a power consumption 

rate per tonne of 0.05 and 1.15 GJ/Tonne respectively. Foundries K and M have a lower 

production rate and power consumption per tonne ratio when compared to foundry J. The 

above three foundry has approximately the same production rates, and it can be concluded 

that lower production rate involves less power consumption per tonne ratio. Foundries P and 

Q have production rate of 500 Tonne/month each but has different power consumption per 

tonne ratio of 1.80 and 2.84GJ/Tonne respectively. The reason why foundries P and Q have 

different power consumption per tonne ratio could be the number of unit operations per site 

and the efficiency of the units. Foundry P consumes 576 GJ/Month on average whereas 

foundry Q consumes 1224GJ/Month.  

 

4.2.3 Relationship between energy intensity and production rate of the foundries that have 

more than 95 percent natural gas usage of the total energy  

 

The energy per tonne ratio versus production rate (Tonne) per month of the foundries that use 

more than 95 percent of natural gas on their site is shown in Figure 8 below.  Foundries A, E, 

C and O were used in this result. Foundry A has a monthly production rate of 6.5 tonne per 

month and energy per tonne ratio of 0.25 tonne/month. Foundry A has the lowest production 

rate as compared to foundries E, C and O. 

 

Foundry O has a monthly production rate of 27000 tonne/month, which is the highest of those 

the foundries that are using more than 95 percent of natural gas monthly. Energy per tonne of 

found O yields 6.37 GJ/Tonne. The average gigajoule per tonne of foundries that use more 

than 95 percent of natural gas was 3.65 GJ/Tonne.  Energy per tonne and production rates 

yielded on direct proportional to the energy per tonne to the production rate.  
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Figure 7: Relationship between energy intensity and production rate per month on 95 percent 

gas usage  

 

 The relationship between energy and production rate resembles the incline of the energy 

intensity with an increase in production rate. The production rate is directly proportional to its 

energy intensity. 

 

4.2.4 Overall energy intensity and monthly production rate of the foundries  

 

Figure 8, indicates the overall energy consumption per monthly production for a different 

energy source. The units of the different energy source were converted to gigajoules as 

indicated in Table 8.  

 

Foundry E has a production rate of 256 Tonne/month and foundry D has a production rate of 
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the study of the foundry that uses electricity amounting to 1.86 GJ/Tonne while for those 

foundries that use more than 95 percent of natural gas the use amount of 3.65GJ/Tonne.  

 

As shown in Figure 8, there are foundries with a production rate of 500 Tonne/month but 

with different power to tonne ratios. Foundries have different unit processes with different 

efficiencies. The number of the unit operation will influence the consumption rate of the 

energy. The large production rate of iron and steel requires other unit operations to be 

installed in the plant. An example of this will be installation of an overhead crane for easy 

movement of products and raw materials within the foundry.Melting of scraps of the furnace 

requires massive energy from such foundries. More energy is lost in the form of emission 

release.  

 

In Figure 8, the results reveal that the higher the production rates, the less consumed energy 

per tonne ratio. This implies that with less production scale more energy is used compared to 

the higher production scale. A factor affecting different consumption of energy on a similar 

production rate could be the size of the raw materials fed in the furnace. When the raw 

material is in small in size it melts faster than on large sizes perhaps there could be more air 

in between small size of raw material. Warm air from the furnace should be used to heat the 

raw material before melting in the furnace. 

 

Figure 8 shows the pattern of energy intensity and production rate which shows a decline in 

the energy intensity with an increase in production rate. This means that the production rate is 

inversely proportional to its energy intensity. 
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Figure 8: Overall energy consumption per production rates and monthly production rate 
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pollutant released into the atmosphere with an activity associated with the release of that 

pollutant.Basically emission factors can be expressed as the ratio of the amount of pollutants 

emitted per throughput of material. Particulate matter and nitrogen dioxide pollutant were 

expressed using the emission factors method. The sulphur dioxide pollutant has no emission 

factor from the sources used for this study.  

 

As indicated in Table 13, there are different abatement technology systems used in foundries 

to abate pollutants from the melting process. A challenge faced by the foundries is the 

particulate matter which is generated from knock out process on the process of breaking 

down for moulds. 

4.3.1 Nitrogen Oxides 

 

The term nitrogen oxide refers to the sum of nitrogen oxide (NO) and nitrogen dioxide (NO2) 

expressed as nitrogen dioxide (NO2). Figure 10, presents a relationship between NOx 

emission and its monthly production per foundry.  The y-axis represents emissions in units of 

kilogram per tonne of production.  The x-axis represents the production of the foundry (in 

tonne) per month. Each foundry is represented by a letter of the alphabet. Emission rates for 

this study are obtained from emission factors and the production rate of the foundry. 

Emission factors of this study are based on the furnace used in the foundry. The stack column 

graph has two portions; the bottom row represents foundry with an abatement system on 95 

percent efficiency.  

 

The emissions standard for the particulate matter on the foundries that operated before 2010, 

is regulated not to exceed 1200 mg/Nm
3
 under normal conditions of 273 K and pressure at 

101.3 kPa . In the year 2020 the emission standards of the foundry on nitrogen oxide will 

become stricter at 400 mg/Nm
3
.
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Figure 9: Relationship between NOx emission rate and monthly production rate (Lower Production) 

1 -G 6,5-B 35-M 35-K 45-J 145-C 256-E 283,6-I 500-D 500-P 500-Q 614,6-H
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Uncontrolled emission rate 0.003 0.02 0.11 0.11 0.14 0.44 0.77 0.85 1.50 1.50 1.50 1.84
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Figure 10: Relationship between NOx emission rate and monthly production rate           

(Higher Production) 

 

Table 5 shows the type of furnaces and emission factors associated with the furnace of 

nitrogen oxide of the foundry used for this study. Equation 5 was used to estimate the 

particulate matter emanating from participating foundries.  Table 6 shows the emission rates 

for the foundries used in the study. Installation of an abatement system has a significant 

impact on the reduction of emission.  

 

Foundry F has the highest of amount of production of 84433.3 tonne per month and emits 

253.30 Kg/Tonne of nitrogen oxide. An introduction to theoretical abatement technology of 

95 percent efficiency reduces emission of 12.66 Kg/Tonne. Therefore, treatment of pollutant 

in the abatement system will amount to 240.64 kg/Tonne of nitrogen oxide, which will be 

finally disposed safely as waste from the abatement system. 

 

The replacement of abatement system filters or bags depends on the production rate. Higher 

production will require more frequent maintenance of the abatement system because of the 

amount of emissions generated. In Figure 10, emissions are directly proportional to the 
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production rate.  The production rates of the foundries D, P and Q have identical emission 

rate of 1.50 Kg/Tonne before introduction of an abatement system due to the identical 

production rate of 500 Tonne/month and furnace. 

 

Most of the foundries within the Cities of Ekurhuleni and Johannesburg do not have an 

abatements system in place. Pollution emanating from foundries is neither controlled nor 

treated. That contribute to the reason why Cities of Ekurhuleni and Johannesburg is identified 

by the Minister of Environmental affair as priority areas as far as air quality is concerned.  

 

The emissions profile of each foundry is unique due to the number of factors including unit 

operations used, energy consumption, production rate and the operation of the units. The type 

of furnaces used by the foundry influence the amount of emissions generated from the 

melting of raw materials. 

 

In Table 5, it clear that electric arc furnaces have a higher emission factor than open hearth 

furnaces. The reduction of emission starts with the selection of unit operations and 

maintaining a high efficiency as per the design.  Low efficiency results in higher emission 

rates because of incomplete combustion of the reactants.  

  

The choice of abatement technology is influenced by the type of pollutants emanating from 

the foundry. Improved air quality standards could be achieved on better selection of the 

abatement system. An introduction of abatement technology reduces emissions greatly. The 

introduction of abatements systems as prescribed by an atmospheric emission licence could 

assist the above mentioned municipalities not to be considered as part of the priority area. 

The introduction of abatement system should be proactive so as to meet minimum emission 

standard for 2020. 
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4.3.2 Particulate Matter 

 

Particulate matter refers to total particulate matter, which is the solid matter contained 

in the gas streams in the solid state as well as the insoluble and soluble solid matter 

contained in entrained droplets in the gas stream, as measured by the appropriate 

method listed in Annexure A of NEMAQA 39 0f 2004. 

 

The emissions standard for the particulate matter on the foundries that operated before 2010, 

is regulated not to exceed 100 mg/Nm
3
 under normal conditions of 273 K and pressure at 

101.3 kPa. In the year 2020 the emission standards will become more stringent at 30 mg/Nm
3 

 

from 100 mg/Nm
3
 for foundries that operated before 2010.This implies that foundries should 

be upgrading old technology to cater for new emission standards. Dust fallout monitoring 

must be implemented in the foundries so as to quantify other emission point of point sources. 

 

Figure 11 illustrates the relationship between particulate matter emissions and the monthly 

production rate per foundry. The Y-axis indicates emissions in kilogram per tonne of 

production the foundries. The X-axis represents the production of the foundry per month and 

the letter of the alphabet which refers to certain. Emission rates are acquired from emission 

factor and production rate of the foundry. Emission factors in this study are based on the 

furnace used on the foundry. The stack column graph has two columns on the X-axis, and the 

bottom row represents uncontrolled emission from the foundries process. 

 

 

 

 

 

 

 

 

 

 

 

 



 

48 
 

 

Figure 11: Relationship between particulate matter emission rate and monthly production rate (Lower Production) 

1-G 6,5-B 35-M 35-K 45-J 145-C 256-E 283,6-I 500-D 500-P 500-Q 614,6-H

Uncontrolled emission rate 3.93 21.67 137.67 137.67 177.00 570.33 853.33 945.33 1966.67 1966.67 1966.67 2417.43

Controlled Emission @ 95% Efficiency 0.20 1.08 6.88 6.88 8.85 28.52 42.67 47.27 98.33 98.33 98.33 120.87
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Figure 12: Relationship between particulate matter emission rate and monthly production rate 

(Higher Production) 

As indicated in the nitrogen oxide discussion, foundry F has the highest production rate 
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resulted to the lowest particulate generated in the study of 3.93 Kg/Month. 
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The graph results clearly indicate that higher production results on more emissions.  

Foundries D, P and Q amount to 98.33 kg/Month of emission generated per site. Foundry L 

has a production rate of 3400 Tonne/Month and this result in 668.67 Kg/Month of particulate 

matter being generated. Results from foundries G and F show gradual increments in the 

emission due to the increase in the production rate.     

 

For the foundry to achieve air quality, the selection of best unit operations with low emissions 

generated should be done thoroughly.  Unit operations should be maintained to meet the 

design efficiency standard. This installation of appropriate abatement systems to control and 

reduce generated pollutants could assist the Cities of Ekurhuleni and Johannesburg to the 

meet ambient emission standard. Less pollution could also assist foundries to achieve more 

productivity while complying with the minimum emission standards. 

 

4.3.3 Sulphur Oxides 

 

Sulphur oxides in the foundry production mainly refer to the sulphur dioxide (SO2). Figure 13 

and 14, presents a relationship between SOx emission and its monthly production per foundry.  

The y-axis represents emissions in units of kilogram per tonne of production.  The x-axis 

represents the production of the foundry (in tonne) per month. Each foundry is represented by 

a letter of the alphabet. Emission rates for this study are obtained from emission factors and 

the production rate of the foundry. Emission factors of this study are based on the furnace 

used in the specific foundry. The stack column graph has two portions; the bottom row 

represents foundry with an abatement system on 95 percent efficiency.  

 

The emissions standard for the sulphur dioxide on the foundries that operated before 2010, is 

regulated not to exceed 400 mg/Nm
3
 under normal conditions of 273 K and pressure at 101.3 

kPa. In the year 2020 the emission standards of the foundry on sulphur dioxide will remain 

the same at 400 mg/Nm
3
.
 
  

 

 

 



 

51 
 

 

Figure 13: Relationship between sulphur oxides emission rate and monthly production rate (Lower Production)

1-G 6,5-H 35-M 35-K 45-J 220-D 256-M 500-K 500-J 500-P

Uncontrol Emission rate 1.9050 12.3825 1.6643 1.6643 2.1398 10.4610 12.1728 23.7750 23.7750 23.7750

95% Controlled Emission rate 0.0953 0.6191 0.0832 0.0832 0.1070 0.5231 0.6086 1.1888 1.1888 1.1888
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Figure 14: Relationship between sulphur oxides emission rate and monthly production rate 

(Higher Production) 

 

Table 7 shows the type of furnaces and emission factors associated with the furnace of 

sulphur oxides of the foundry used for this study. Equation 5 was used to estimate the sulphur 

dioxide emanating from participating foundries.  Table 7 shows sulphur dioxide emission 

rates in the foundries used in the study. Installation of an abatement system has a significant 

impact on the reduction of emission.  

 

Type of furnace employed by the foundry plays significant role on the generation of 

emissions. Open hearth furnace has emission factor of 1.27 kg/Tonne whereas electric arc 

furnace has emission factor of 0.07. This means that the higher the emission factor value will 

impact on the generation of emission of such foundry. An introduction to theoretical 

abatement technology of 95 percent efficiency reduces emission of Sulphur dioxide upto 95% 

efficiency of uncontrolled emissions refer to Table 8.  
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The servicing of abatement system depends on the production rate. Higher production will 

require more frequent maintenance of the abatement system because of the amount of 

emissions generated. In Figure 12, emissions are directly proportional to the production rate.  

Foundry Q, O and F has the higher production rate but employ electric arc furnace which has 

less emission factor of sulphur dioxide. Refer Figure 14, emission generated from above 

mentioned foundry inversely proportion to sulphur dioxide formed. This means that it is 

advantageous of foundries that use electric arc because they could be within guide line. 

 

Most of the foundries that are within the Cities of Ekurhuleni and Johannesburg do not have 

an abatements system in place and employment of electric arc furnace will assist to lower 

sulphur dioxide pollutants. Pollution emanating from foundries which do not have abatement 

system is neither controlled nor treated. That contribute to the reason why Cities of 

Ekurhuleni and Johannesburg is identified by the Minister of Environmental affair to within 

priority areas as far as air quality is concerned.  

 

The emissions profile of each foundry is unique due to the number of factors including type 

of furnace used, energy used and consumption, production rate and the operation of the units. 

The type of furnaces used by the foundry influence the amount of emissions generated from 

the melting of raw materials refers to Table 7. 

 

The choice of abatement technology is influenced by the type of pollutants emanating from 

the furnace of such foundry. Energy selection is important because cheaper energy selection 

could come with higher generation of emissions which could lead to higher cost installation 

of abatement system. Improvement of air quality could be achieved on better selection of the 

emission units as well as abatement system. Higher efficiency abatement technology reduces 

emissions generated by the emission unit. The introduction of abatements systems assists 

foundries to meet minimum emission standard prescribed by air quality legislation. 
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4.4 Summary of the Chapter 

 

Results educate foundries that selection of furnace plays an important role on the emission 

reduction. Foundries that have challenges with particulate matters should consider electric arc 

furnace because it generates less particulate during melting than open hearth, open hearth 

oxygen and electric arc. The foundries that are on the program of reduction of sulphur 

dioxide should consider electric arc furnace than open hearth. Foundries that have challenges 

on the NOx should consider open hearth furnace than electric arc. An installation of suitable 

abatement system should be considered to supplement emission unit on reduction of   

pollutants refer to Table 15. 

 

In Germany energy intensity revealed a small shift to less energy intensity production in 

secondary steelmaking from 16 to 20 percent.  Energy consumption in Germany decreased by 

1.7 percent on year average and dropped from 23 to 18 G/Tonne (Aichinger,1993). Crude 

steel production in Brazil grew at an average annual rate of 3.6% between 1980 and 1991 and 

energy consumption dropped from 31.2 to 29.7 GJ/Tonne due to the increment in efficiency 

(Henriques, 1995). This study indicated higher efficiency than the previous study, energy 

intensity ranged between 0.25 to 6.37 GJ/Tonne. However, there is still a room for 

improvement due to the latest technology with higher efficiency and less energy 

consumption. 

 

Economic benefits may include improved productivity, reduced raw materials costs and 

reduced operation costs. Environmental benefits include the reduction in emission pollutants. 

Energy intensities based on the output and on the value added could lead to different results. 

Energy efficiency provides economic and environmental benefit in addition to energy and 

energy cost savings. 
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CHAPTER 5: CONCLUSIONS 

 

This study analysed the energy consumption and emission reduction of the ferrous industry in 

seventeen foundries within the cities of Ekurhuleni and Johannesburg in Gauteng province 

South Africa. The study has examined the trends of the energy intensity and emission 

emanating from foundries. 

 

Foundries were using various sources of energies and those most utilised were electricity and 

natural gas. The selected foundries showed varying trends regarding the energy intensity of 

electricity and natural gas. Production efficiency plays an important role in the energy 

savings. The results showed that foundries with higher production rates have a higher 

emission rates. Foundries without air quality abatement system are polluting more than those 

that have abatement system. 

 

Selection of furnace used by the facilities plays an important role on the energy saving and 

emission reduction. Study reveals that foundries that are using open hearth furnace has higher 

sulphur dioxide emissions compare to the foundries that uses electric arc furnace. Study also 

reveals that foundries that are using electric arc generated more particulates than foundries 

that use open hearth, open hearth oxygen and electric induction. Foundries that use electric 

induction generate less particulates matters on the furnace. Study also shows that foundries 

that use electric arc turns to generate more NOx that foundry that are using open hearth 

furnaces.  

 

The study concluded that the better energy management programme may save not only in 

terms of energy but also may save money. Energy efficient technologies have a significant 

role to play in reducing energy use in foundry industry. Energy conservation should be based 

on the application of advanced technology to improve casting quality, instead of simply 

decreasing consumption and emission. 
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APPENDIX A- Calculations 

 

The aim at the calculation of this study is to quantify emissions from ferrous foundries and 

the energy flows, in an attempt to define strategies for energy conservation and emission 

reduction. Abatement system/s will be installed to achieve a reduction of emission while 

reduction of emission while attempting to determine ways in which foundries can comply 

with new environmental legislation: National Environmental Management Air Quality Act 39 

of 2004 in the year 2020.  

 

The calculation could assist foundries in addressing the reduction of emissions and in 

achieving high productivity and energy efficiency. Calculations could assist foundries to 

attain standards set by the National Environmental Management Air Quality act 39 of 2004, 

subcategory 4.10 foundries.  

Emission Factor Calculations 

a. Particulate Matter 

An emission factor is a representative value that attempts to relate the quantity of a pollutant 

released into the atmosphere with an activity associated with the release of that pollutant. An 

emission factor is a ratio of the amount of pollutant emitted per throughput of material. 

 

The general equation for calculating uncontrolled emission using an emission factor is: 

𝐸𝑅𝐴  =  𝐸𝐹𝐴  ×  𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒   

Where: 

𝐸𝑅𝐴 = Emissions of pollutant  

𝐸𝐹𝐴= Emission factor of pollutant A 

𝑃𝑅𝐴 = Production Rate 

 

 

 

 

 

 



 

63 
 

 

Table 3: Particulate Matter Emission Factors 

 

Type of Furnace 
Particulate Matter

(a,b)
 lb/ton of 

melt  

Particulate Matter kg/ton of 

melt 

Electric arc 13 (4-40) 5.9 (1.81-18.14) 

Open hearth 11 (2-20) 5 (0.91-9.07) 

Open hearth oxygen 10 (8-11) 4.5 (3.63-5) 

Electric induction 0.1 0.0454 

(a) Expressed as units per unit weight of metal processed 

(b) If scrap metal is very dirty or oily, the emission factor should be chosen from the 

upper end of the range presented in parentheses. 

Steel Foundry metal melting emission factors (uncontrolled), taken from (USEPA .1996) AP-

42 Section 12.13-6. 

Calculation for Company A, for potential emission estimate for a steel foundry using an open 

hearth furnace with processed 200 Tonne of metal per month; 

 

Potential Emissions 
𝑘𝑔 𝑃𝑀

𝑀𝑜𝑛𝑡ℎ 
= 1

𝑡𝑜𝑛𝑛𝑒 𝑚𝑒𝑡𝑎𝑙

𝑚𝑜𝑛𝑡ℎ
 × 5.9

 𝑘𝑔 𝑃𝑀

𝑡𝑜𝑛𝑛𝑒 𝑚𝑒𝑡𝑎𝑙
 = 0.30 

𝑘𝑔 𝑃𝑀

𝑀𝑜𝑛𝑡ℎ
  

 

Therefore in a month, there are 20 days in exception weeks. 

0.30 𝑘𝑔

𝑀𝑜𝑛𝑡ℎ
×

𝑀𝑜𝑛𝑡ℎ

20 𝑑𝑎𝑦𝑠
= 0.00029500

𝑘𝑔

𝑀𝑜𝑛𝑡ℎ
 

 

If controlled at 95 percent  

Therefore: 0.00029500
𝑘𝑔

𝑑𝑎𝑦
 × (

100−95

100
) = 0.00001475 

𝑘𝑔

𝑀𝑜𝑛𝑡ℎ
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Table 4: Particulate Matter Spread Sheet 

 

Foundry Production Capacity Type of Furnace Emission factor Emission rate Uncontrolled Emission rate 95% Controlled Emission rate 

  Tonne/Month   kg PM/Tonne per Month kg PM/Month (20 days) Tonne PM/Month  Tonne PM/Month  

G 1 Electric arc 5,90 0,30 0,00029500 0,00001475 

B 6,5 Open hearth 5,00 1,625 0,001625 0,00008125 

M 35 Electric arc 5,90 10,325 0,010325 0,00051625 

K 35 Electric arc 5,90 10,325 0,010325 0,00051625 

J 45 Electric arc 5,90 13,275 0,013275 0,00066375 

C 145 
Electric arc/Open 

hearth 
5,90 42,775 0,042775 

0,00213875 

A 220 
Open hearth/ 

Electric Induction 
5,00 55 0,055 

0,00275 

E 256 Open hearth 5,00 64 0,064 0,0032 

D 500 Electric arc 5,90 147,5 0,1475 0,007375 

P 500 Electric arc 5,90 147,5 0,1475 0,007375 

Q 500 Electric arc 5,90 147,5 0,1475 0,007375 

L 3400 Electric arc 5,90 1003 1,003 0,05015 

I 3404 Open hearth 5,90 1004,18 1,00418 0,050209 

N 5500 Open hearth 5,00 1375 1,375 0,06875 

H 7700 
Open hearth 

oxygen 
5,00 1925 1,93 

0,0965 

O 27000 
Electric arc/Open 

hearth 
5,90 7965 7,965 

0,39825 
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b. Nitrogen Oxides 

An emission factor is a representative value that attempts to relate the quantity of a pollutant 

released into the atmosphere with an activity associated with the release of that pollutant. An 

emission factor is a ratio of the amount of pollutant emitted per throughput of material. 

 

Table 5: Nitrogen Oxides Emission Factors 

 

Type of Furnace Nitrogen Oxides lb/Tonne Nitrogen Oxide kg/Tonne of melt 

Electric arc 0.2 0.0907 

Open hearth 0.01 0.0045 

Open hearth 

oxygen 
N/A N/A 

Electric induction N/A N/A 

 

(a) Expressed as units per unit weight of metal processed 

(b) If scrap metal is very dirty or oily, the emission factor should be chosen from the 

upper end of the range presented in parentheses. 

 

Steel Foundry metal melting emission factors (uncontrolled), taken from (USEPA .1996) AP-

42 Section 12.13-6. 

Calculation for Company A, for potential emission estimate for a steel foundry using an open 

hearth furnace with processed 1 Tonne of metal per month; 

 

Calculation for Foundry I, for potential emission estimate for a steel foundry using an open 

hearth furnace with processed 200 Tonne of metal per month; 

 

Potential Emissions 
𝑘𝑔 𝑃𝑀

𝑀𝑜𝑛𝑡ℎ 
= 1

𝑡𝑜𝑛𝑛𝑒 𝑚𝑒𝑡𝑎𝑙

𝑚𝑜𝑛𝑡ℎ
 × 0.0045

 𝑘𝑔 𝑁𝑂𝑥

𝑡𝑜𝑛𝑛𝑒 𝑚𝑒𝑡𝑎𝑙
 = 0.000225 

𝑘𝑔 𝑁𝑂𝑥

𝑀𝑜𝑛𝑡ℎ
  

 

Therefore in a month, there are 20 days in exception weeks; 

0.000225𝑘𝑔

𝑀𝑜𝑛𝑡ℎ
×

𝑀𝑜𝑛𝑡ℎ

20 𝑑𝑎𝑦𝑠
= 0.00023

𝑘𝑔

𝑀𝑜𝑛𝑡ℎ
 

If controlled at 95 percent  

Therefore: 0.00023
𝑘𝑔

𝑑𝑎𝑦
 × (

100−95

100
) = 0.0000115 

𝑘𝑔

𝑀𝑜𝑛𝑡ℎ
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Table 6: Nitrogen Oxides Spread Sheet 

Foundry Production Capacity Type of Furnace Emission factor Emission rate Uncontrolled Emission rate 95% Controlled Emission rate 

  Tonne/Month   kg NOx/Tonne  kg NOx/Month (20 days) Kg/Tonne Month  Tonne NOx/Month 

I 1 Open hearth 0,0045 0,000225 0,00023 0,0000115 

H 6,5 Open hearth  0,0045 0,0014625 0,00951 

0,0004755 

G 35 Electric arc 0,0907 0,16 5,55538 
0,277769 

C 35 Electric arc/Open hearth 0,0907 0,158725 5,55538 

0,277769 

L 45 Electric arc 0,0907 0,204075 9,18338 0,459169 

B 145 Open hearth 0,0045 0,032625 4,73063 0,2365315 

D 220 Electric arc 0,0907 0,9977 219,49400 

10,9747 

M 256 Electric arc 0,0907 1,16096 297,20576 
14,860288 

K 500 Electric arc 0,0907 2,2675 1133,75000 56,6875 

J 500 Electric arc 0,0907 2,2675 1133,75000 56,6875 

P 500 Electric arc 0,0907 2,2675 1133,75000 56,6875 

E 3400 Open hearth 0,0045 0,765 2601,00000 130,05 

N 3404 Open hearth 0,0045 0,7659 2607,12360 130,35618 

A 5500 
Open hearth/ Electric 

Induction 
0,0045 1,2375 6806,25000 

340,3125 

Q 7700 Electric arc 0,0907 34,9195 268880,15000 13444,008 

O 27000 Electric arc/Open hearth 0,0907 122,445 3306015,00000 165300,75 
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c. Sulphur Oxides 

An emission factor is a representative value that attempts to relate the quantity of a pollutant 

released into the atmosphere with an activity associated with the release of that pollutant from 

specific emission unit. An emission factor is a ratio of the amount of pollutant emitted per 

throughput of material. 

 

Table 7: Sulphur Oxides Emission Factors 

Type of Furnace Sulphur Oxides lb/Tonne Sulphur Oxides kg/Tonne of melt 

Electric arc 0.07 0,0317 

Open hearth 2,8 1,27 

Open hearth 

oxygen 
N/A N/A 

Electric induction N/A N/A 

 

(c) Expressed as units per unit weight of metal processed 

(d) If scrap metal is very dirty or oily, the emission factor should be chosen from the 

upper end of the range presented in parentheses. 

 

Steel Foundry metal melting emission factors (uncontrolled), taken from (USEPA .1996) AP-

42 Section 12.13-6. 

Calculation for Company A, for potential emission estimate for a steel foundry using an 

electric arc furnace with processed 1 Tonne of metal per month; 

 

Calculation for Foundry I, for potential emission estimate for a steel foundry using an open 

hearth furnace with processed 200 Tonne of metal per month; 

 

Potential Emissions 
𝑘𝑔 𝑃𝑀

𝑀𝑜𝑛𝑡ℎ 
= 1

𝑡𝑜𝑛𝑛𝑒 𝑚𝑒𝑡𝑎𝑙

𝑚𝑜𝑛𝑡ℎ
 × 1.27

 𝑘𝑔 𝑁𝑂𝑥

𝑡𝑜𝑛𝑛𝑒 𝑚𝑒𝑡𝑎𝑙
 = 1.27 

𝑘𝑔 𝑆𝑂𝑥

𝑀𝑜𝑛𝑡ℎ
  

Therefore in a month, there are 20 days in exception weeks; 

1.27𝑘𝑔

𝑀𝑜𝑛𝑡ℎ
×

𝑀𝑜𝑛𝑡ℎ

20 𝑑𝑎𝑦𝑠
= 0.0635

𝑘𝑔

𝑀𝑜𝑛𝑡ℎ
 

If controlled at 95 percent  

Therefore: 0.0635
𝑘𝑔

𝑑𝑎𝑦
 × (

100−95

100
) = 0.003175 

𝑘𝑔

𝑀𝑜𝑛𝑡ℎ
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Table 8: Sulphur Oxides Spread Sheet 

 

Foundry 
Production 

Capacity 
Type of Furnace 

Emission 

factor(Electric Arc) 
Emission rate 

Uncontrolled Emission 

rate 

95% Controlled 

Emission rate 

  Ton/Month   kg SOx/Ton  
kg SOx/Month (20 

days) 
Kg/Ton Month (20 days) Tonne SOx/Month 

G 1 Open hearth 1,27 1,27 1,905 0,0953 

H 6,5 Open hearth  1,27 8,255 12,3825 0,6191 

M 35 Electric arc 0,0317 1,1095 1,6643 0,0832 

K 35 
Electric arc/Open 

hearth 
0,0317 1,1095 1,6643 0,0832 

J 45 Electric arc 0,0317 1,4265 2,1398 0,107 

D 220 Electric arc 0,0317 6,974 10,461 0,5231 

M 256 Electric arc 0,0317 8,1152 12,1728 0,6086 

K 500 Electric arc 0,0317 15,85 23,775 1,1888 

J 500 Electric arc 0,0317 15,85 23,775 1,1888 

P 500 Electric arc 0,0317 15,85 23,775 1,1888 

E 3400 Open hearth 1,27 4318 6477 323,85 

N 3404 Open hearth 1,27 4323,08 6484,62 324,231 

A 5500 
Open hearth/ Electric 

Induction 
1,27 6985 10477,5 523,875 

Q 7700 Electric arc 0,0317 244,09 366,135 18,3068 

O 27000 Electric arc 0,0317 855,9 1283,85 64,1925 

F 84433,3 Electric arc 0,0317 2676,53561 4014,8034 200,7402 
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Energy Calculations 

 

Electrical Energy 

data which was collected from foundries that uses electrical energy. 

𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑠 𝑓𝑜𝑟 𝐹𝑜𝑢𝑛𝑑𝑟𝑦 𝐺 

𝐸𝑛𝑒𝑟𝑔𝑦 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 =
𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒
 

𝐸𝑛𝑒𝑟𝑔𝑦 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 =
1.8 𝐺/𝑀𝑜𝑛𝑡ℎ

1 𝑇𝑜𝑛𝑛𝑒/𝑀𝑜𝑛𝑡ℎ
 

𝐸𝑛𝑒𝑟𝑔𝑦 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 = 1,8
𝐺

𝑇𝑜𝑛𝑛𝑒
 𝑐𝑜𝑛𝑣𝑒𝑟𝑡𝑒𝑑 𝑡𝑜 2 

𝐺

𝑇𝑜𝑛𝑛𝑒
  

 

Table 9: Natural gas conversion 

 

 

 

The above conversion is at the following standard reference conditions: gas at a temperature 

of 15
0
C and 101.325kPa, and liquid at a temperature of 15

0
C. 

 

Table 10: Calorific Value 

 

Fuel Caloric Value Units 

Diesel 36,9 MJ/litre 

Petrol 33,7 MJ/litre 

Natural Gas 43000 kJ/kg 

Wood (dry) 15000 kJ/kg 

Coal 27500 kJ/kg 

Heavy fuel oil 41200 kJ/kg 

Light oil 44000 kJ/kg 

Natural Gas 

 
1 GJ 26,137 m3 

1 kg 1,406 m3 

1GJ 26,137 L 
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Table 11: Production Rates of Foundries and their Energy Consumption 

 

Foundry Production 

Capacity 

Electricity Conversion 

1 kwh = 3,6 

MJ 

Electricity Electricity Natural Gas  Energy  

Consumption 
Energy/Tonne 

  Tonne/Month KW.h/Month MJ/Month  MJ/Month GJ/Month GJ/Month GJ/Month GJ/Tonne 

A 220-A 230874 3,6 831146,4 831,1464 56,00           28 663,2          130,28 

B 6,5-B 4225 3,6 15210 15,21                         N/A                   15,2  2,34 

C 145-C 504 3,6 1814,4 1,8144 35,00                   36,8  0,25 

D 500-D 6375 3,6 22950 22,95 
                               

N/A                   23,0  0,05 

E 256-E 175000 3,6 630000 630 1000,00              1 630,0  6,37 

F 84433,3-F 55000000 3,6 
19800000

0 
198000 8760,00 

        228 268,8  2,70 

G 1-G 500 3,6 1800 1,8                              N/A                      1,8  1,80 

H 614,6-H 
                                   

N/A 
N/A N/A N/A 2232,00 

             2 232,0  3,63 

I 283,6-I 
                                    

N/A 
N/A N/A N/A 988,50 

                988,5  3,49 

J 45-J 31694 3,6 114098,4 114,0984                               N/A                 114,1  2,54 

K 35-K 31694 3,6 99572,4 99,5724                               N/A                   99,6  2,84 

L 3400-L 2800 3,6 10080 10,08 600,00                 610,1  0,18 

M 35-M 29874 3,6 107546,4 107,5464 
                               N/

A                 107,5  3,07 

N 5500-N 222978,1 3,6 802721,16 802,72116 
                               

N/A                 802,7  0,15 

O 27000-O 1375000,0 3,6 4950000 4950 116666,67         121 616,7  4,50 

P 500-P 160000 3,6 576000 576 
                               

N/A                 576,0  1,15 

Q 500-Q 340000 3,6 1224000 1224 
                               

N/A              1 224,0  2,45 
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Table 12: Foundry A Material Energy 

 

 

 

Table 13: Foundry F Material Energy 

 

 

Foundry A 

Material for 

Energy Actual Consumption Rate Units Density Units kg/Month Calorific Value Units KJ/Month GJ/Month 

Oil 8000 Litres/Month 881 kg/m3 640000 43400 kJ/Kg 2,778E+10               27 776,000  

Electricity 230874 KWh/Month N/A N/A N/A N/A N/A 831146400             831,1464 

Natural Gas 56 GJ/Month N/A N/A N/A 36 MJ/m3 56000000                 56 

        
Sum                 28 663,15  

Foundry F 

Material 

for Energy 

Consumption 

Rate Units 

Consumption 

Rate Units  

Consumption 

Rate Units  

Calorific 

Value Units Energy 

Units/

Month GJ/Month 

Electricity 660000 MWh/annum 55000 MWh/Month 55000 MWh/Month 

1kwh=3,6 

MJ   
    198 000 000,00  

MJ      198 000,00  

Natural Gas 8760000 m3/annum 730000 m3/Month 730000 m3/Month 36 MJ/m3         26 280 000,00  MJ         26 280,00  

Coal 161000 Tonne/annum 13416,66667 Tonne/Month 13,41666667 Kg/Month 27500 kJ/kg               368 958,33  KJ          0,37  

Diesel 1287000 Litres/annum 107250 Litres/Month 107250 Litres/Month 36,9 MJ/Litres           3 957 525,00  MJ           3 957,53  

Petrol 11000 Litres/annum 916,6666667 Litres/Month 916,6666667 Litres/Month 33,7 MJ/Litres                 30 891,67  MJ       30,891667  

Used 

Oil/grease 72 Tonne/annum 6 Tonne/Month 0,006 Kg/Month 41200 kJ/kg                       247,20  KJ          0,000247  

Oily rags 5 Tonne/annum 0,416666667 Tonne/Month 0,000416667 Kg/Month 44000 kJ/kg                         18,33  KJ          0,000018  

Wood 100 Tonne/annum 8,333333333 Tonne/Month 0,008333333 Kg/Month 15000 kJ/kg                       125,00  KJ          0,000125  

          

Sum      228 268,79  
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Table 14: Percentage usage for electricity and natural gas per foundry 

 

Foundry Production Rate Electricity Electricity Natural Gas 
Total Power 
Usage 

Electricity Natural Gas 

Units Tonne/Month KW.h GJ/Month GJ/Month GJ/Month percent usage percent usage 

A 220 230874 831,1464 56 28 663,15 2,8997 0,195 

B 6,5 4225 15,21 N/A 15,21 100 0 

C 145 504 1,8144 35 36,8144 4,928506 95,07149 

D 500 6375 22,95 N/A 22,95 100 0 

E 256 175000 630 1000 1630 38,6503 61,3497 

F 775200 660000 2376 26 280,00 228 268,79 1,04087817 11,51274338 

G 1 500 1,8 N/A 1,8 100 0 

H 7700 234742 845,0712 62000 62845,0712 1,344690 98,655310 

I 3404 37659 135,5724 11862 11997,5724 1,129999 98,870001 

J 45 31694 114,0984 N/A 114,0984 100 0 

K 35 27659 99,5724 N/A 99,5724 100 0 

L 3400 2800 10,08 600 610,08 1,652242 98,347758 

M 35 29874 107,5464 N/A 107,5464 100 0 

N 5500 222978 802,7208 N/A 802,7208 100 0 

O 27000 1375000 4950 116666,67 121616,67 4,070166 95,929834 

P 500 160000 576 N/A 576 100 0 

Q 500 340000 1224 N/A 1224 100 0 
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Table 15: Abatement methods of foundries for common pollutants  

 

 

SO2 NO N2O NO2 PM 

Cyclone         yes 

Hydro-Cyclone         yes 

Electrostatic Precipitation         yes 

Fabric Filter(Baghouse)         yes 

Dry Akali Scrubber yes yes   yes   

Wet Alkali Scrubber yes yes   yes yes 

Wet Acidic Scrubber         yes 

Selective Non-Catalytic Reaction       yes   

Selective Catalytic Reaction           

Amine Adsorption System yes       yes 

Gas Separation Membranes         yes 

Sorbent Beds (alumina,zeolites,actvation 

carbon) yes yes yes yes   
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APPENDIX B- Raw Data from Foundries  

Foundry A 

 

 

 

 

 

 

Raw Material 

Type 

Maximum 

Permitted 

Consumption 

Rate (Quantity) 

Design 

Consumption 

Rate (Quantity) 

Actual 

Consumption 

Rate (Quantity) 

Units 

(Quantity/Period) 

Scrap metal   10 10 6-8 per day Tonne per month 

Alloys  12 10 Tonne per month 

Production Name Maximum 

Production 

Capacity 

Permitted 

(Quantity) 

Design 

Production 

Capacity  

(Quantity) 

Actual 

Production 

Capacity  

(Quantity) 

Units 

(Quantity/Period) 

Steel casting 220 220 200 Tonne per month 

Materials 

for Energy 

Sulphur 

Content 

of the 

Material  

(%) 

Ash Content 

of Material 

(%) 

Maximum 

Permitted 

Consumption 

Rate 

(Quantity) 

Design 

Consumptio

n Rate  

(Quantity) 

Actual 

Consumption 

Rate  

(Quantity) 

Units 

(Quantity

/ 

Period) 

Electricity n/a n/a n/a n/a 230874 kWh/Mon 

Oil Variable n/a   20 000l max 

8000l per 

month 

Litres/mo

nth 

Sasol gas 0.004 n/a   56  GJ/ month 
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Foundry B 

 

 

 

 

Foundry C 

 

 

Regulated Raw Materials 

Raw Material Type Maximum Permitted Consumption Rate 

(Quantity) 

Units (quantity/period) 

Pig Iron Ingots 3250.0 Kg/month 

Scrap Mild Steel 551.2 Kg/month 

Cast Iron Returns 2600.0 Kg/month 

ME85 32.5 Kg/month 

Ferro Silicone 79.3 Kg/month 

Ferro Manganese 19.5 Kg/month 

Product Name Maximum Permitted Production Capacity 

(Quantity) 

Units 

(quantity/period) 

Molten iron product 6500 Kg/month 

Materials for 

Energy Source 

Actual Consumption Rate 

(Quantity) 

Units 

(quantity/period) 

Materials 

Characteristics 

Electricity 4225 KWh/month N/A 

Raw Material 

Type 

Maximum 

Permitted 

Consumption 

Rate (Quantity) 

Design 

Consumption 

Rate (Quantity) 

Actual 

Consumption 

Rate (Quantity) 

Units 

(Quantity/Period) 

Scrap Steel  80  30   Tonne / month 

Pig Iron  30   10     Tonne / month 
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𝐶𝑜𝑛𝑣𝑒𝑟𝑡 𝐾𝑉𝐴 𝑡𝑜 𝐾𝑊ℎ 

𝑃𝑜𝑤𝑒𝑟 (𝑘𝑊) = 𝑘𝑖𝑙𝑜𝑣𝑜𝑙𝑡 𝑎𝑚𝑝𝑠 × 𝑝𝑜𝑤𝑒𝑟 𝑓𝑎𝑐𝑡𝑜𝑟 

𝑃𝑜𝑤𝑒𝑟 (𝑘𝑊) = 840 𝐾𝑣𝑎 × 0,6 

𝑃𝑜𝑤𝑒𝑟 (𝑘𝑊) = 504 𝐾𝑊 

 

 

Production Name Maximum 

Production 

Capacity 

Permitted 

(Quantity) 

Design 

Production 

Capacity  

(Quantity) 

Actual 

Production 

Capacity  

(Quantity) 

Units 

(Quantity/Period) 

Core Melting  120  80  Tonne/Month 

Casting  90  65  Tonne/Month 

By-Product Name Maximum 

Production 

Capacity 

Permitted 

(Quantity) 

Design 

Production 

Capacity  

(Quantity) 

Actual 

Production 

Capacity  

(Quantity) 

Units 

(Quantity/Period) 

Scrap Metal  N/A N/A 100percent 

Recycled 

Materials 

for Energy 

Sulphur 

Content 

of the 

Material  

(%) 

Ash Content 

of Material 

(%) 

Maximum 

Permitted 

Consumption 

Rate 

(Quantity) 

Design 

Consumptio

n Rate  

(Quantity) 

Actual 

Consumptio

n Rate  

(Quantity) 

Units 

(Quantity/ 

Period) 

Eskom   1  Mw 1 Mw 840 Kva R120 000p/

m 

Gas (Sasol)   70 GJ 70  GJ 35  GJ R7800p/m 
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Foundry D 

 

 

 

 

 

 

 

 

 

Raw Material 

Type 

Maximum 

Permitted 

Consumption 

Rate (Quantity) 

Design 

Consumption 

Rate (Quantity) 

Actual 

Consumption 

Rate (Quantity) 

Units 

(Quantity/Period) 

STEEL SCRAP   400000 KG/MONTH 

PIG IRON   25000 KG/ MONTH 

CARBON   5000 KG / MONTH 

FERRO SILICON   5000 KG / MONTH 

Production Name Maximum 

Production 

Capacity 

Permitted 

(Quantity) 

Design 

Production 

Capacity  

(Quantity) 

Actual 

Production 

Capacity  

(Quantity) 

Units 

(Quantity/Period) 

IRON 

PRODUCTION 

  500000 KG/MONTH 

Materia

ls for 

Energy 

Sulphur 

Content of 

the Material  

(%) 

Ash Content 

of Material 

(%) 

Maximum 

Permitted 

Consumption 

Rate 

(Quantity) 

Design 

Consumptio

n Rate  

(Quantity) 

Actual 

Consumption 

Rate  

(Quantity) 

Units 

(Quantity/ 

Period) 

ESKOM     6375 KWh/month 
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Foundry E 

 

 

 

 

 

 

Raw Material 

Type 

Maximum 

Permitted 

Consumption 

Rate (Quantity) 

Design 

Consumption 

Rate (Quantity) 

Actual 

Consumption 

Rate (Quantity) 

Units 

(Quantity/Period) 

Wax 3 000 3 000 1 000 Kg/ month 

Ceramic Stucco 3 000 120 000 40 000 Kg/ month 

Ceramic Slurry 3 000 60 000 20 000 Kg/ month 

Scrap Metals  3 000 210 000 70 000 Kg/ month 

Production Name Maximum 

Production 

Capacity 

Permitted 

(Quantity) 

Design 

Production 

Capacity  

(Quantity) 

Actual 

Production 

Capacity  

(Quantity) 

Units 

(Quantity/Period) 

Wax Process 

(Patterns) 

270 000  270 000  90 000  Kg/month 

Shell Process 

(Trees / Moulds) 

270 000  18 000  6 000  Kg/month 

Melting Process 

(Heat Kg) 

270 000  210 000  70 000 Kg/month 

Fettling Process 

(Castings) 

270 000  270 000  90 000  Kg/month 
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By-Product 

Name 

Maximum 

Production 

Capacity 

Permitted 

(Quantity) 

Design 

Production 

Capacity  

(Quantity) 

Actual 

Production 

Capacity  

(Quantity) 

Units 

(Quantity/Period) 

Shell 150 000  150 000 50 000  Kg/month 

Slag 150 000  10 000  3 500  Kg/month 

Ladle Linings 150 000  9 000  3 000  Kg/month 

Furnace Linings 150 000  6 000  2 000  Kg/month 

Metal dust 150 000  3 000  1 000  Kg/month 

Materials 

for Energy 

Sulphur 

Content 

of the 

Material  

(%) 

Ash Content 

of Material 

(%) 

Maximum 

Permitted 

Consumption 

Rate 

(Quantity) 

Design 

Consumptio

n Rate  

(Quantity) 

Actual 

Consumption 

Rate  

(Quantity) 

Units 

(Quantity/ 

Period) 

Gas N/A N/A 3 000 3 000 1 000 GJ/ month 

Electricity N/A N/A 525 000 525 000 175 000 KWh/month 



 

80 
 

Foundry F 

 

 

Raw Material 

Type 

Maximum 

Permitted 

Consumption 

Rate (Quantity) 

Design 

Consumption 

Rate (Quantity) 

Actual 

Consumption 

Rate (Quantity) 

Units 

(Quantity/Period) 

Iron Ore 600 000 N/A 250 000 Tonne/annum 

Dolomite 140 000 N/A 5 380 Tonne/annum 

Scrap Steel 380 000 N/A 300 000 Tonne/annum 

Re-carburiser N/A N/A 2 500 Tonne/annum 

Lime 28 000 N/A 26 500 Tonne/annum 

Ferro Alloys 20 000 N/A 15 500 Tonne/annum 

Production Name Maximum 

Production 

Capacity 

Permitted 

(Quantity) 

Design 

Production 

Capacity  

(Quantity) 

Actual 

Production 

Capacity  

(Quantity) 

Units 

(Quantity/Period) 

Cast Products 55 000 N/A 45 200 Tonne/annum 

Rolled Products 580 000 N/A 390 000 Tonne/annum 

DRI 378 000 N/A 160 000 Tonne/annum 

Grinding Media 250 000 N/A 180 000 Tonne/annum 

By-Product Name Maximum 

Production 

Capacity Permitted 

(Quantity) 

Design Production 

Capacity  

(Quantity) 

Actual Production 

Capacity  

(Quantity) 

Units 

(Quantity/Period) 

Slag 150 000 N/A 130 000 Tonne/annum 

Char 120 000 N/A 100 500 Tonne/annum 

Caster Scale 5 000 N/A 3 500 Tonne/annum 

Mill Scale 5 000 N/A 4 000 Tonne/annum 
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Materials for 

Energy 

Sulphur 

Content of 

the Material  

(%) 

Ash 

Content of 

Material 

(%) 

Maximum 

Permitted 

Consumption 

Rate (Quantity) 

Design 

Consumption 

Rate  

(Quantity) 

Actual 

Consumption 

Rate  

(Quantity) 

Units 

(Quantity/ 

Period) 

Electricity N/A N/A 700 000 N/A 660 000  MWh/annum 

Natural Gas N/A N/A 9 500 000 N/A 8 760 000 m³/annum 

Coal N/A N/A 170 000 N/A 161 000 Tonne/annum 

Diesel N/A N/A 1 500 000 N/A 1 287 000 litres/annum 

Wood N/A N/A N/A N/A 100 Tonne/annum 

Used 

oil/grease  

N/A N/A 216 N/A 72 Tonne/annum 

Oily rags  N/A N/A N/A N/A 5 Tonne/annum 

Petrol N/A N/A 15 000 N/A 11 000 litres/annum 
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Foundry G 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Raw Material 

Type 

Maximum 

Permitted 

Consumption 

Rate (Quantity) 

Design 

Consumption 

Rate (Quantity) 

Actual 

Consumption 

Rate (Quantity) 

Units 

(Quantity/Period) 

Steel scrap  1  1  1  Tonne / Month 

Production Name Maximum 

Production 

Capacity 

Permitted 

(Quantity) 

Design 

Production 

Capacity  

(Quantity) 

Actual 

Production 

Capacity  

(Quantity) 

Units 

(Quantity/Period) 

Castings  1  1  1  Tonne / Month 

Materials 

for Energy 

Sulphur 

Content 

of the 

Material  

(%) 

Ash Content 

of Material 

(%) 

Maximum 

Permitted 

Consumption 

Rate 

(Quantity) 

Design 

Consumption 

Rate  

(Quantity) 

Actual 

Consumption 

Rate  

(Quantity) 

Units 

(Quantity/ 

Period) 

electricity   500    Kw/month 
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Foundry H 

 

 

  

 

 

 

 

 

Raw Material 

Type 

Maximum 

Permitted 

Consumption 

Rate (Quantity) 

Design 

Consumption 

Rate (Quantity) 

Actual 

Consumption 

Rate (Quantity) 

Units 

(Quantity/Period) 

Chrome Sand 4000 4000 3200 Tonne/annum 

Benite 720 720 360 Tonne/annum 

Steel Scrap 8200 8200 6500 Tonne/annum 

Manganese Alloys 1560 1560 1200 Tonne/annum 

Production Name Maximum 

Production 

Capacity 

Permitted 

(Quantity) 

Design 

Production 

Capacity  

(Quantity) 

Actual 

Production 

Capacity  

(Quantity) 

Units 

(Quantity/Period) 

Steel Product 9600 9600 7700 Tonne/annum 

Materials 

for Energy 

Sulphur 

Content of 

the 

Material  

(%) 

Ash 

Content of 

Material 

(%) 

Maximum 

Permitted 

Consumption 

Rate 

(Quantity) 

Design 

Consumption 

Rate  

(Quantity) 

Actual 

Consumption 

Rate 

(Quantity) 

Units 

(Quantity

/ 

Period) 

Natural Gas 

in Annealing 

Ovens 

0 N/A   62 000 m
3
/month 
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Natural Gas 

 
1 GJ 26,137 m3 

 

Energy Conversion  table 

Energy Source Quantity Units Quantity Units 

Sasol Gas 62000 m3/month 2372,116157 GJ/Month 

 

Foundry I 

 

 

 

 

Energy Conversion  table 

Energy Source Quantity Units Quantity Units 

Sasol Gas 11862 GJ/year 988,5 GJ/Month 

 

 

 

 

Regulated Raw Materials 

Raw Material Type Maximum Permitted Consumption Rate 

(Quantity) 

Units (quantity/period) 

Steel Scrap  4039 Tonne/annum 

Alloy 216 Tonne/annum 

Product Name Maximum Permitted Production Capacity 

(Quantity) 

Units 

(quantity/period) 

Iron Product 3404 Tonne/annum 

Materials for 

Energy Source 

Actual Consumption Rate 

(Quantity) 

Units 

(quantity/period) 

Materials 

Characteristics 

Sasol Gas 11862 GJ/annum  
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Foundry J 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Regulated Raw Materials 

Raw Material Type Maximum Permitted Consumption Rate 

(Quantity) 

Units (quantity/period) 

Steel Scrap 35 Tonne/month 

Ferro Chrome 8 Tonne/month 

Fe-Si 3 Tonne/month 

Fe-Mg 3 Tonne/month 

Carbon 3 Tonne/month 

Product Name Maximum Permitted Production Capacity 

(Quantity) 

Units 

(quantity/period) 

Castings 45 Tonne/month 

Materials for 

Energy Source 

Actual Consumption Rate 

(Quantity) 

Units 

(quantity/period) 

Materials 

Characteristics 

Electricity 31694 KWh/Month  
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Foundry K 

 

 

 

 

 

 

 

 

 

 

 

 

Regulated Raw Materials 

Raw Material Type Maximum Permitted Consumption Rate 

(Quantity) 

Units (quantity/period) 

Steel Scrap 37 Tonne/month 

Fe-Mg 0.36 Tonne/month 

Sascarb 1.2 Tonne/month 

Fe-Mn 0.1 Tonne/month 

Fe-Si 1 Tonne/month 

Fe-Cr 0.1 Tonne/month 

Product Name Maximum Permitted Production Capacity 

(Quantity) 

Units 

(quantity/period) 

Steel and Cast Iron 35s Tonne/month 

Materials for 

Energy Source 

Actual Consumption Rate 

(Quantity) 

Units 

(quantity/period) 

Materials 

Characteristics 

Electricity 31694 KWh/month  
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Foundry L 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Regulated Raw Materials 

Raw Material Type Maximum Permitted Consumption Rate 

(Quantity) 

Units (quantity/period) 

A grade steel scrap 4284 Tonne/month 

Product Name Maximum Permitted Production Capacity 

(Quantity) 

Units 

(quantity/period) 

Castings 3400 Tonne/month 

Materials for 

Energy Source 

Actual Consumption Rate 

(Quantity) 

Units 

(quantity/period) 

Materials 

Characteristics 

Electricity 2800.000 KWh/month Electrons 

Natural gas 600 GJ/month  
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Foundry M 

 

 

 

 

 

 

 

Regulated Raw Materials 

Raw Material Type Maximum Permitted Consumption Rate 

(Quantity) 

Units (quantity/period) 

F2 Pig Iron 8000 Kg/month 

Steel Scrap 1500 Kg/month 

Flucast 60 Kg/month 

Ferro Silicon 300 Kg/month 

Ferro Manganese 60 Kg/month 

Sascarb 80 Kg/month 

Inoculant 50 Kg/month 

Fe Si Mg 80 Kg/month 

Iron Sulphide 25 Kg/month 

Slagulant 80 Kg/month 

Product Name Maximum Permitted Production Capacity 

(Quantity) 

Units 

(quantity/period) 

Cast Iron 25 Tonne/month 

SG Iron 10 Tonne/month 

Bronze 1.5 Tonne/month 

Materials for 

Energy Source 

Actual Consumption Rate 

(Quantity) 

Units 

(quantity/period) 

Materials 

Characteristics 

Electricity                               29874 KWh/month  
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Foundry N 

 

 

 

 

Regulated Raw Materials 

Raw Material Type Maximum Permitted Consumption Rate 

(Quantity) 

Units (quantity/period) 

Silica Sand 450 Tonne/month 

Fenotec 897 6 Tonne/month 

D1 1.5 Tonne/month 

Zircon Paint 3 Tonne/month 

Mild Steel 50 Tonne/month 

Ferro Chrome 30 Tonne/month 

IC3 8 Tonne/month 

3CR12 3 Tonne/month 

Ferro Manganese 250 Kg/month 

Ferro Silicon 500 Kg/month 

Slagulant 1 Tonne/month 

Hot topping 1 Tonne/month 

Product Name Maximum Permitted Production Capacity 

(Quantity) 

Units 

(quantity/period) 

Castings 5500 Tonne/month 

Materials for 

Energy Source 

Actual Consumption Rate 

(Quantity) 

Units 

(quantity/period) 

Materials 

Characteristics 

Electricity 222 978.10 KWh/Month  
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Foundry O 

 

 

 

 

Energy Conversion  table 

Energy Source Quantity Units Quantity Units 

Sasol Gas 1400000 GJ/year 116666.6667 GJ/Month 

Electricity 16500000 kwhr/year 1375000 KWh/Month 

 

 

 

Regulated Raw Materials 

Raw Material Type Maximum Permitted Consumption Rate 

(Quantity) 

Units (quantity/period) 

Recarburiser 200 Tonne/Month 

Ferrosilicon 320 Tonne/Month 

Ferromanganese 110 Tonne/Month 

Quartz 110 Tonne/Month 

Coagulant 180 Tonne/Month 

Aluminium 23 Tonne/Month 

Mild  Steel   Scrap 29000 Tonne/Month 

Product Name Maximum Permitted Production Capacity 

(Quantity) 

Units (quantity/period) 

Steel shot and grit 27000  Tonne/Month 

Materials for 

Energy Source 

Actual Consumption Rate 

(Quantity) 

Units 

(quantity/period) 

Materials Characteristics 

Sasol Gas 1.3-1.5 million  GJ/year  

Electricity 16.5 million kwhr/year  
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Foundry P 

 

 

 

 

 

 

 

 

 

 

 

Raw Material 

Type 

Maximum 

Permitted 

Consumption 

Rate (Quantity) 

Design 

Consumption 

Rate (Quantity) 

Actual 

Consumption 

Rate (Quantity) 

Units 

(Quantity/Period) 

Steel Scrap 600  500 tonne/month 

Chrome 100  75 tonne/month 

Production Name Maximum 

Production 

Capacity 

Permitted 

(Quantity) 

Design 

Production 

Capacity  

(Quantity) 

Actual 

Production 

Capacity  

(Quantity) 

Units 

(Quantity/Period) 

Chrome   

 White Iron 

600  500 tonne/month 

Materials 

for Energy 

Sulphur 

Content 

of the 

Material  

(%) 

Ash 

Content 

of 

Material 

(%) 

Maximum 

Permitted 

Consumption 

Rate 

(Quantity) 

Design 

Consumption 

Rate  

(Quantity) 

Actual 

Consumption 

Rate  

(Quantity) 

Units 

(Quantity/ 

Period) 

Electricity N/A N/A N/A N/A 160,000 KWh/month 
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Foundry Q 

 

 

 

 

Raw Material 

Type 

Maximum 

Permitted 

Consumption 

Rate (Quantity) 

Design 

Consumption 

Rate (Quantity) 

Actual 

Consumption 

Rate (Quantity) 

Units 

(Quantity/Period) 

Steel Scrap 1000  500 tonne/month 

Ferro Chrome 150  75 tonne/month 

Production Name Maximum 

Production 

Capacity 

Permitted 

(Quantity) 

Design 

Production 

Capacity  

(Quantity) 

Actual 

Production 

Capacity  

(Quantity) 

Units 

(Quantity/Period) 

Chrome  

White Iron 

1000  500 tonne/month 

Materials 

for Energy 

Sulphur 

Content 

of the 

Material  

(%) 

Ash 

Content 

of 

Material 

(%) 

Maximum 

Permitted 

Consumption 

Rate 

(Quantity) 

Design 

Consumption 

Rate  

(Quantity) 

Actual 

Consumption 

Rate  

(Quantity) 

Units 

(Quantity/ 

Period) 

Electricity N/A N/A N/A N/A 340,000 kWh/month 


