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ABSTRACT 

The aim of the project, was to improve environmental performance of the foundries participating 
in Environet 2000 in a cost-effective manner through waste minimisation and management. 
The current waste situation was assessed through waste audits. The identified opportunities for 
more sustainable waste management were developed. This has resulted in dust-, binder- and sand 
minimisation, sand reclamation and beneficial use of the foundry by-products sand and slag. 

Keywords: foundry, waste, sand, slag, dust, beneficial use, foundry by-products. 

Environet 2000, foundry sector page III 



The Lancashire Centre of Environmental Excellence for Industry 

SUMMARY 

The waste minimisation and management project in the foundries is part of the Environet 2000 
project. Environet 2000 is a demonstration project to show that going green makes good business 
sense. 
The mission-statement for Environet 2000 is: 
"Environet 2000 will result in action, not words. Our aim: to help you to improve your company's 
environmental performance in a cost-effective manner" [18]. 

The project is carried out at the Lancashire Centre of Environmental Excellence for Industry 
(LCEEI), the sector lead organisation for the foundry industry. Eight foundries were selected. 
The current practice of all eight foundries was assessed [11] . Through this round of assessments 
the potential topics for improvement were identified (topics: Waste, Air emissions, Energy, 
Hazardous Substances, Contaminated land, Legislation, Noise, Water, Effluent). 

This report concentrates on the topic waste, which has high priority for the following reasons [11]: 
• the expenditure involved; 
• the environmental impact of waste; 
• the foundries had a lack of information on waste performance. 

Following the mission-statement of Environet 2000, the aim for this project was formulated as 
follows: 
Improve environmental performance of the foundries participating in Environet 2000 in a 
cost-effective manner through waste minimisation and management. 

For the purpose of this project waste is defined as: solid substances or objects which the holder 
discards, or intends to, or is required to discard. Waste may consist of raw materials not included 
in the final product, may be a by-product from processing or may be a substandard product. 

Every foundry involved with activities which have an environmental impact must be accountable 
for their performance. 
The indicators for the environmental performance chosen for this project are: 
• volume of waste generated; 
• realisation of potential value in waste whilst taking care of our environment. 

The definition for cost-effectiveness used in this project is: Carrying out activities with minimum 
cost. 

Improving the environmental performance is done through: 
• waste minimisation: it is better not to generate waste in the first place. Waste minimisation 

covers the reduction in amounts of waste and the use of less environmental harmful materials 
by substitution. 

• waste management: ensuring that any potential value in the waste is realised whilst taking 
care or our environment. 
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To identify all the materials to be considered for minimisation and management, waste audits were 
conducted, consisting of the following four steps: 
Step 1 Individual process mapping; 
Step 2 Quantity and cost determination; 
Step 3 Prioritising issues; 
Step 4 Generating options for improvements. 

The main results from the waste audits are presented in figure 2&3, see below. 
Figure 2 illustrates the total waste stream produced by the assessed foundries . Figure 3 illustrates 
the cost for the assessed foundries , associated with waste disposal. 
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77% 

Figure 2. Waste in volume. 
(3500 tonnes per annum) 
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bonded 

sand 
57% 

Figure 3. Cost of waste disposal 
( costing £24,000 per annum) 

The chemically bonded sand stream is the largest waste stream, this stream consists of the 
different sand (binder) systems used (e.g. Alkaline-phenolic, Furane and Silicate). 

To complete the insight in the current situation environmental taxes (landfill tax & aggregate tax), 
the landfill fee and influential legislation are discussed. 

The different points of view are described by the Government's point of view and the foundry's 
point of view. 
The Government's objective is sustainable development which is defined as "meeting the needs of 
the present without compromising the ability of future generations to meet their own needs". 
The foundries base their decision on whether they have the money (financially viable) for an 
investment, whether it is going to be profitable (meeting the foundry's standard, return on 
investment, pay-back period, etc.) and whether it is appropriate (suitable for purpose). 
Four criteria have been developed on which decision making for this project is based. These 
criteria incorporate the two conflicting point of views. 
The criteria used are: Feasibility, Sensibility, Practicality and Acceptance. 
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To improve the environmental performance waste has to be managed in a more sustainable 
manner. The different waste management options can be ranked in a hierarchy. 
I Minimisation: it is better not to generate waste in the first place. Waste minimisation covers 

the reduction in amounts of waste and the use of less environmental harmful materials by 
substitution. 

II Reclamation I Recycling: utilising the spent material, with some degree of benefit, within 
one's own facility. 

III Beneficial Use: utilising spent material outside the generating facility. 
IV Landfill: containment (landfill, deep injection) or destruction (incineration, chemical or 

biological) of waste. 

Minimisation: The following minimisation of foundry waste projects are carried out: 

The first minimisation project describes waste minimisation through dust injection. 
The proposed system can inject residual materials ( e.g. dust from the cupola, fettling shop and 
sand processing) into the melt zone of the cupola. 
This system will be feasible for Ouzledale Foundry when the reduction in Ferron Silicon losses 
(alloying material) can pay-back the investment. 

The second project describes the binder use minimisation project. Comparing the advantages and 
disadvantages of the different binder systems has resulted in a change of binder system used by 
three foundries , reducing the demand for sand (purchase & disposal) of 1300 tonnes, with an 
associated reduction in cost of £34,000 per annum. 

The third project is a waste sand minimisation project at Ouzledale Foundry. Ouzledale Foundry 
redesigned their chemically bonded sand line. This redesign resulted in a new computerised 
mixer, new conveyer system and a new reclamation unit. 
These changes result in improvements in binder control, improvement of mould strength control, 
reduction of binder cost, minimisation of spillages and improved sand reclamation. 
These potential improvements have proven to be sufficient for the foundry to invest £250,000 in 
the new system. This investment has a pay-back period of less then five years . 

The following reclamation/ recycling of foundry waste projects is carried out: 

Through purchase of a sand reclamation unit, P&H Castings will need 150 tonnes less sand then 
the 300 tonnes which P&H Castings is expected to use. This results in a cost saving of £5,000 per 
annum. 

The following Beneficial Use of foundry waste projects (sand & slag) are carried out: 

For Beneficial Use of the foundry by-product "sand" from Ouzledale Foundry, S.G. Castings and 
P&H Castings the use of the same sand system is a prerequisite (See change to Furan system). 
The scope for the Beneficial Use of sand generated by the foundries is 1000 tonnes per annum. 
Previous Beneficial Use projects in the UK and other parts of the world have shown that the "deal" 
between the foundries and the end user normally means that the foundry pays for the 
transportation cost and the end user receives the by-product at no charge at their site. 
This could mean that the foundries would cut their disposal cost by the cost of landfill fee (£9,20 a 
tonne [7]) and landfill tax (£2 a tonne). This would result in a cost saving of £11,000 per annum 
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(assuming that the distance from foundry to tip and the distance from foundry to end user are 
equal).The negotiating process with a potential end user (Castle Cement, Clitheroe) is continuing. 
The research into Beneficial Use of the foundry by-product "slag" was started by analysing the 
material and discussions with experts on the use of secondary materials. Ouzledale Foundry 
generated 440 tonnes of blast furnace slag per annum costing £4,350 on disposal cost per annum. 
The research into the Beneficial Use of slag as a road construction material is continuing. 

The overall results from the foundry waste minimisation and management project have been 
identified cost savings and improvements of environmental performance by the foundries . 

The conclusions are: 

1. For good waste management practice it is useful to follow the waste hierarchy. 
2. Beneficial Use of sand of 3 foundries can reduce landfill by a 1000 tonnes per annum and 

reduce the cost of landfill fee and landfill tax. 
3. The main driver for the foundries for waste reduction is cost, not environment. 
4. Awareness of the performance concerning the waste topic has been increased. 
5. Changing to furan will reduce the demand for sand by 1300 tonnes and reduce cost by £34,000 

per annum. 
6. Sand reclamation at P&H Castings can reduce the demand for sand by 150 tonnes and reduce 

cost by £5,000 per annum. 
7. Ferron Silicon injection into cupolas can reduce losses to 5% from between 15-50%. 
8. Redesign of Ouzledale Foundry's process will improve performance. 

The recommendations are: 

1. The Beneficial Use project of the foundry by-product "sand" should be continued. 
2. Monitoring ofraw material use and waste generation should be continued (awareness is 

prerequisite). 
3. The proposed improvements should be implemented. 
4. The research into dust injection should be continued. 
5. The research into Beneficial Use of the foundry by-product "slag" should be continued. 
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INTRODUCTION 

This report covers the author's final project of the Industral Engineering and Management Science 
(Technische Bedrijfskunde) study at the Eindhoven University of Technology. 

The assignment is carried out at the Lancashire Centre of Environmental Excellence for Industry 
(LCEEI) and is part of Environet 2000. Environet 2000 is a demonstration project to show 
industry that considering environmental issues has a positive effect on the profit margin. 

This assignment was carried out in the period of August 1997 until April 1998. Environet 2000 
will last until December 1998. 

The method used to achieve the project aim is given in figure 1, see below. 

INTRODUCTION 
- LCEEI & ENVIRONET 2000 
- THE ASSIGNMENT 

-THE FOUNDRY 

IMPROVEMENTS 
- MINIMISATION 
-RECLAMATION 
- BENEFICIAL USE 
-LANDFILL 

CURRENT 
SITUATION 
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POINTS OF VIEW 

~ 
¢ I THE w ASTE HIERARCHY I 

I CONCLUSIONS & RECOMMENDATIONS 

Figure 1. Method used to achieve project aim 
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1 THE LCEEI AND ENVIRONET 2000 

Introduction 

This chapter contains a description of the Lancashire Centre of Environmental Excellence for 
Industry (LCEEI), a description of Environet 2000 and a description of the participating foundries. 

1.1 The LCEEI 

Through the Lancashire Environmental Action Programme, Lancashire Country Council has 
developed the Lancashire Centre of Environmental Excellence for Industry (LCEEI) Limited in 
1994. The LCEEI has been established as a non-profit (turnover £250,000) incorporated company, 
limited by guarantee. The Board of Directors has contracted the development and management of 
LCEEI Ltd. to Enterprise plc, an economical development company. 

The mission of the LCEEI is to encourage, assist and support companies in Lancashire to improve 
performance and competitiveness through the adoption of best environmental practice techniques 
and, in doing so, move to a more environmentally sustainable position. The LCEEI is focused at 
small and medium sized companies. 

The LCEEI employs one manager and two project officers full time. The LCEEI also employs 
students to be placed within the LCEEI or at companies to carry out projects. 

1.2 Environet 2000 

Environet 2000 is a £5.4 million project, backed by EC funding, that is carried out in ten sectors of 
industry. 

Mission-statement Environet 2000: 
"Environet 2000 will result in action, not words. Our aim: to help you to improve your company's 
environmental performance in a cost-effective manner [18] ." 

About 80 companies are taking part in Environet 2000. Environet 2000 is managed by Nimtech, a 
technology centre, in conjunction with ten industry bodies, entitled sector lead organisation, from 
across the region [18]. 

One of the sectors is the foundry industry. The LCEEI is the sector lead organisation, who assigns 
students to carry out projects. A sector champion will provide the LCEEI with technical 
assistance. He has been working for many years in the foundry industry. 

Each participating foundry has nominated a member of staff to be its company champion, who 
will work with the graduates to draw up an environmental strategy and implement it over a two
year period. The company champion is the liaison between the sector lead organisation and the 
foundry. 
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Figure 1.1 shows the Environet 2000 structure: 

NIMTECH (project management) 

Chemicals I Textiles 

Engineering Food and Drink 

Pharmaceuticals Rubber and Plastics 

Paper, Board & Print ing Electrical and Electronics 

Trafford Prak (Manchester) 

Foundry industry 

LCEEI 

(sector lead organisation) 

Sector champion Students Company champions 

Figure 1.1 Organisational structure Environet 2000 

The criteria for participating Environet 2000 are the following : 

The company must be located in the objective 2 area (Greater Manchester, Cheshire and East 
Lancashire). Objective 2 areas are eligible for European Regional Development Funding [17], 
which is funding Environet 2000; 
1. The company must have less than 500 employees and a turnover less than £32 million; 
2. The company must not be part of a larger group, but if so the parent company must satisfy the 

second criterion; 
3. The company must not have received European funding in the last three years which amounts 

more then 50,000 ECU for capital purposes and 50,000 ECU for consultancy. 

The contribution the companies pay to participate in Environet 2000 is £7,500. The companies' 
contribution is matched with European funding on a 50/50 base. For the foundry industry another 
arrangement is made. Their contribution is in kind. The time they put into it is converted into 
money and matched with European funding, on a 50/50 base. 
This budget is enlarged with £10,000 from Lancashire County Council. 
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Environet 2000 will last two years and is scheduled to finish in December 1998. Table 1.1 shows 
the planning of Environet 2000, which was made in April 1997 [19]. 

Table 1.1 The planning of Environet 2000 

4/97 5/97 6/97 -9/97 10/97 - 12/97 1/98 - 5/98 6/98 - 12/98 
Assessments Analysis Topics Implementation Monitoring Dissemination 

Clarification of the original Environet 2000 planning. 
From June to September potential improvements for each topic would have to be identified. 
During this period the current practice would have to be monitored. First to identify potential 
improvements and secondly for comparison afterwards. From October to December the proposed 
improvements would have to be implemented. The actual implementation is the decision of the 
foundry involved. To smooth the decision making process, the proposed improvements would 
have to be accompanied with a cost-benefit analysis, where possible. 
In the beginning of 1998 monitoring of the improvements was planned. Modifications and 
adjustments could be made during that period. The improved performance will be compared with 
the current performance. In this way the improvement of the performance can be showed. At the 
end of 1998 there will be meetings, seminars and workshops to show other industries the results of 
Environet 2000. 

In April 1997 the companies were assessed by H. van Veen [11]. In May the topics for 
improvement were identified, see table 1.2. 

Table 1.2 The topics, their priority and the results [11] 

I.Waste High Author's project 

2. Air emissions High Ongoing project 
3. Energy High Reduction in consumption and costs 
4. Hazardous substances High Improvements for two foundries 
5. Contaminated land High Not yet addressed 
6. Legislation High Register of applicable legislation 
7. Noise Low No excessive nuisance 
8. Water Low No further action 
9. Effluent Low Maps of the sites with drainage 
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l.3 The participating foundries 

At the start of the Environet 2000 project (beginning of 1997) 8 foundries were chosen by the 
LCEEI. These foundries meet the requirements set by Environet 2000 to participate in the project 
(see criteria for participating Environet 2000, paragraph 1,2). 

1. Cass of Bury Ltd. is a small iron jobbing foundry, operating a cupola. The castings are very 
large engineering castings. In 1996 the turnover was £750,000 with a staff of 15 employees. 

2. Ouzledale Foundry Co. Ltd. is a medium size iron foundry, operating a cupola. The turnover in 
1996 was £4,000,000 with a staff of over 100 employees. Ouzledale Foundry Co. Ltd. 
produces domestic furnaces for cooking and heating. 

3. Heskdales Ltd. is a small jobbing foundry casting aluminium, bronze and brass. It is owned by 
Ouzledale Foundry Co. Ltd. The turnover in 1996 was £307,000 with a staff of 10 employees 
operating several electric, gas and oil fired furnaces. 

4. P&H Castings is a small aluminium jobbing foundry with 5 employees. The turnover in 1996 
was £200,000 and a gas furnace is operated to melt. 

5. S.G. Casting (Nelson) Ltd. is a small iron jobbing foundry casting high quality engineering 
castings, operating two electric furnaces. The turnover in 1996 was £750,000 with a staff of 
over 20 employees. 

6. Keith Prosser Castings is a small aluminium jobbing foundry with a turnover of £100,000 in 
1996. Four people are employed and they operate a gas fired furnace. 

7. James Raistrick (Accrington) Ltd. is a small iron jobbing foundry casting large, low quality 
castings, operating an electric furnace. The turnover in 1996 was £1,000,000 with a staff of 
over 20 employees. 

8. Lupton & Place Ltd. is an aluminium diecasting foundry operating both high pressure 
diecasting and gravity diecasting techniques. The turnover in 1996 was £7,000,000 with a staff 
of over 100 employees. Lupton & Place Ltd. produces parts for domestic equipment like iron 
blades and frying pan baskets. 
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Z THE ASSIGNMENT 

Introduction 

This chapter contains the reason for this project, the project aim and the method used to achieve 
this project aim. 

2.1 Project reason 

Through the preliminary environmental assessments [11 ], waste minimisation was identified to be 
one of the topics with high priority. 
The waste topic was given high priority for the following reasons [11]: 
• the expenditure involved; 
• the environmental impact of waste; 
• the foundries had a lack of information on waste performance. 

2.2 Project aim 

Following the mission-statement of Environet 2000, the aim for this project was formulated as 
follows : 
Improve environmental performance of the foundries participating in Environet 2000 in a 
cost-effective manner through waste minimisation and management. 

For the purpose of this project waste is defined as: solid substances or objects which the holder 
discards, or intends to, or is required to discard . Waste may consist ofraw materials not included 
in the final product, may be a by-product from processing or may be a substandard product. 

Every foundry involved with activities which have an environmental impact must be accountable 
for their performance. 
The indicators for the environmental performance chosen for this project are: 
• volume of waste generated; 
• realisation of potential value in waste whilst taking care of our environment. 

The definition for cost-effectiveness used in this project is: Carrying out activities with minimum 
cost. 

Improving the environmental performance is done through: 
• waste minimisation: it is better not to generate waste in the first place. Waste minimisation 

covers the reduction in amounts of waste and the use of less environmental harmful materials 
by substitution. 

• waste management: ensuring that any potential value in the waste is realised whilst taking 
care or our environment. 
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2.3 Method 

The final project was planned to last nine months, from August 1997 until April 1998. Appendix 
2.1 gives a schedule with project milestones and the time table. 

The method used to achieve the project aim is given in figure 2.1, see below. 

INTRODUCTION 
- LCEEI & ENVIRONET 2000 
- THE ASSIGNMENT 

-THE FOUNDRY 

CURRENT 
SITUATION 

DIFFERENT 
POINTS OF VIEW 

IMPROVEMENTS 
- MINIMISATION 
-RECLAMATION <::=i I THE w ASTE HIERARCHY I 
-BENEFICIAL USE 
-LANDFILL 

I CONCLUSIONS & RECOMMENDATIONS 

Figure 2.1 Method used to achieve project aim 

The project is separated into five phase' s. 

INTRODUCTION PHASE: 
Chapter 1 contains a description of the LCEEI, Environet 2000 and the participating foundries. 
Chapter 2 outlines the project reason, project aim and method used to achieve this project aim. 
Chapter 3 gives a description of a foundry in general and the metal and sand stream in particular. 

Followed by the foundry waste streams, a description of environmental performance and a 
description of cost associated with waste. 

ANALYSIS PHASE: 
Chapter 4 describes the current situation. This chapter starts with definitions of waste terms. 

The following paragraphs consist of initial waste audit stages, current waste volumes & 
disposal cost, environmental taxes, landfill fee and influential legislation. 

Chapter 5 describes the different points of view. The Government's point of view and the 
foundry's point of view are described. 4 criteria have been developed on which decision 
making for this project is based. These criteria incorporate the 2 conflicting point of views. 

CONFRONTATION PHASE: 
Chapter 6 describes the waste hierarchy, which is used to manage the waste in a more sustainable 

manner. 
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IMPROVEMENTS PHASE: 
Chapter 7 describes ways to minimise sand, binder and dust. 
Chapter 8 describes the opportunities to improve sand reclamation and recycling. 
Chapter 9 describes the opportunities to Beneficial Use foundry by-products (sand & slag). 
Chapter 10 describes the reasons why landfill must be reduced. 

CONCLUSIONS & RECOMMENDATIONS: 
Chapter 11 is the final chapter of this project and contains the conclusions and recommendations 

that can be implemented in the future. 
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3 THE FOUNDRY INDUSTRY 

Introduction 

This chapter gives a description of a foundry in general [1 0] and the sand stream in particular. 
The last paragraph contains a brief description of the participating foundries. 

3.1 The foundry 

A foundry casts metal. Figure 3.1 shows the flow chart of a foundry . 

~ . . . . . .. . . .. . .. . .... ... .. .. . 

Sand 

making 

Pouring 
Into mould 

Metal 

Melting 

Finishing 

Figure 3.1 Flow chart of a foundry [11] 

Explanation of figure 3 .1: 

C) 

D -
\____J 

material/resource; 

department; 

product ( casting); 

runners and risers. 

Runners 
& risers 

The top-down arrows indicate the flow through the foundry, from begining to end. The two 
bottom-up arrows indicate the recycling of sand and metal, the runners and risers. 
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The first step in the casting process is to produce the pattern, a nearly exact reproduction of the 
whole casting, usually in wood or metal. The pattern is then sectioned (a) usually in one or more 
parallel planes. The sections, one after the other, are placed into molding boxes or flasks and the 
box is tightly filled with bonded, firm sand (b) ( c ). 
The pattern creates a cavity after withdrawal ( d). This cavity will be filled later with liquid iron to 
form the casting. The mould has a system to pour the metal into via runners and to release the air 
from the cavity via risers. This system is called the runners and risers. Afterwards they are 
removed from the casting and re-melted. 

a 

Depending on what a foundry 
is casts there are iron foundries, 
aluminium foundries, bronze 
foundries, brass foundries, etc. 
Typical parts made by sand 
casting are machine-tool bases, 
engine blocks, cylinder heads, 
and pump housings. 

3.2 The metal stream 

In a foundry two major material 
streams can be identified. 
The metal stream and the sand 
stream. To start with the metal, 
it is the main raw material for 
a foundry . The metal is melted 
in a furnace . There are several 
types of furnaces, depending on 
the energy used. 

One type of a furnace is a cupola 
which uses coke and is an old and 
basic process. 
In a cupola layers of coke and iron 
are placed. Appendix 3 .1 shows 
the section through of a cupola. 
The coke is burned and generates 

b 

the heat needed to melt the iron. 
Cupolas are only used for melting iron. 
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The cupola is too hot for other metals and not controllable enough. Cupolas generate a lot of 
emissions to air. At the bottom of the cupola is a tap through which the ladles are filled. The ladles 
are used for casting. Two of the eight foundries employ a cupola. 

An electric furnace is mainly used to melt iron. The melting temperature can be controlled better 
than in a cupola. Appendix 3.2 gives background information on resistance element furnaces and 
induction furnaces. The gas and oil fired furnaces are used to melt aluminium, zinc, bronze and 
brass. The efficiency of gas and oil fired furnaces depends on the burner and the lining. 

The principle of these furnaces is different from the cupolas. They are more easily controlled. The 
metal is put into a crucible. At the top of these furnaces is a hatch. The ladle is dipped in the melt 
to fill it or the furnace is positioned in a frame by which the furnace is tilted over to fill a ladle. 
The ladles are preheated. 

The melt is placed in a holding furnace. This may be the same furnace as in which the metal is 
melted. But it can be a special holding furnace. Two from the eight foundries employ electric 
furnaces to melt iron. The other four foundries employ gas, electric or oil fired furnaces to melt 
aluminium, zinc, bronze or brass. 

3.3 The sand stream 

The second material stream is the foundry is sand. The largest waste stream in volume produced 
by a foundry [20]. 
The traditional method of casting metals is in sand moulds and has been used for thousands of 
years. Although the origins of sand casting date to ancient times, it is still the most prevalent form 
of casting. The total number of sand moulding foundries in the UK is estimated [8,7] to be about 
450. The amount of silica sand consumed annually by the foundry industry was estimated to be 
about 1.1 million tonnes in 1994 [7]. 

Sand was originally used as a moulding material because it had a great physical strength and was 
not burnt or broken down by the extreme casting temperatures. It was cheap ( although this is more 
true historically than today), and could be used to produce a variety of mould shapes effectively. It 
is easy to remove the metal casting once it has cooled by breaking down the sand mould. The iron 
foundry industry was therefore built up around sand, and high quality silica sand (SiO2) remains a 
vital material for the casting process today. 
Moulds can either be produced from greensand or chemically bonded sand. 

Greensand moulds are made by adding clay and water to silica sand. In some cases coal-dust, coal
dust substitutes or cereal binders are added. The clay acts as the bonding agent during moulding. 
This gives the mould a "green strength" which holds it together. The production of greensand 
moulds requires skilled labour to judge the level of additions required for each particular casting. 
For this reason, in addition to the fact that they are often easier to use and have several benefits 
over greensand systems, many foundries use chemically bonded sand. 

Chemically bonded sand systems use sand set by a chemical reaction between bonding agents. 
The agent is normally a resin, which sets ( or "cures") on exposure to a catalyst or heat and holds 
the mould's shape. Heat cured resins were the first organic binders available, and although once 
popular, they have been largely replaced today by resins cured by a chemical catalyst. This means 
that cores no longer have to be "baked" to harden them, which saves both time and resources. 
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Foundries can choose from a large range of binder systems, with new products being launched at 
regular intervals. Over 400 different products are available, many of which can be assigned to a 
generic binder group (see Table 3.1 ). 

Table 3.1 Binder groups [7] 

Binder group 
Alkaline-pheno lie 

Furan 

Phenolic-urethane 

Resin-shell sand 

Silicate 

Description 
An alkaline phenol formaldehyde resin, available in self-set or gassed 
variations. 
A resin of urea formaldehyde and/or phenol formaldehyde and furfuryl 
alcohol, which is self-set with acids . 
A phenol formaldehyde and isocyanate resin, available in self-set or 
gassed vari ations. 
Normally packaged as a sand pre-coated with phenol formaldehyde 
novalak resin, and set by heating. 
Self-set using esters or gassed with carbon dioxide. 

Modem resin binders can cure within seconds of exposure to the catalyst, which can greatly speed 
up the casting process. The production of chemically bonded moulds can be automated using 
mechanical mixers. 

Although the production of greensand moulds can also be automated, especially for repetition 
foundries, the process is harder and many jobbing foundries opt for a chemically bonded moulding 
process. 

Sand cores must be stronger than moulds, and because of this they are made from chemically 
bonded sands, as modem resins can offer greater strength than the traditional clay and water. 
Historically, substances such as molasses and even manure were used to bind the sand, but today 
Furan, isocyanate or silicate resins are used. Sand cores are formed using a core box which is a 
negative image of the final core. The core box is filled with sand which is then set by exposure to a 
catalyst. 

Once the moulds and cores have been assembled, the metal can be poured. The casting is allowed 
to cool to a workable temperature within the mould. Once cool the casting is removed from the 
mould by knocking-out a process by which the sand mould and core are physically broken up and 
the casting removed. It is then ready to be fettled and finished in another part of the foundry. 
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3.4 Foundry waste streams 

The foundry industry perceives waste as a major problem over which it has little control, but 
which impacts significantly on profitability. The only thing believed to be certain is that disposal 
costs will continue to rise. Predictions amongst foundrymen, on average, are that landfill cost will 
be in the order of £50/tonne by the year 2004 ( current typical disposal cost in the North East of 
England are £IO/tonne) [2]. 

The UK produces well in excess of 435 million tonnes of controlled waste per year, enough to fill 
Lake Windermere (the largest lake in England) every 9 months. The foundries generate 1.5 million 
tonnes of waste in producing around 1.6 million tonnes of finished castings each year. As a rule of 
thump then each foundry on average produces 1 to 1.25 tonnes of waste per tonne of finished 
castings although clearly there will be significant variations according to the types of castings and 
the production processes used. 
Table 3.2 gives the estimated quantities of waste from UK foundries [2]. 

Table 3 .2 Estimated quantities of waste from UK foundries in 1994 
Waste Type TIA Definition* 
Sand 1.1 Silica sand used in ferrous and non-ferrous foundries in the 

million moulds, that becomes "contaminated" during the casting process, 
and is reclaimed (recycled), Beneficial Used or wasted. 

Slags: Nonmetallic by-product of iron production in blast furnaces, 
- Ferrous 100,000 consisting essentially of silicates and alumina-silicates of lime 
- Non-ferrous 50,000 and other bases formed through the oxidation of impurities within 

the metal. 
Spent refractories 100,000 Ladle lining (furnace bricks, ganister, cupola lining). 
Dust 100,000 Fine particles generated during the casting process, such as 
(Arrestment waste) Baghouse dust. 
Others 50,000 Normal post-consumer waste such as office waste, packaging 
(General rubbish) materials, pallets and so on. 

* These definitions are for the non-specialist and should not be considered technically 
complete. An extensive compilation of standard technical definitions is available from ASTM 
(ASTM, Compilation of ASTM Standard Definitions, 7th Edition, American Society of Testing 
and Materials, Philadelphia, 1990) 

Other waste types used by foundrymen: 
Furnace "bed" waste: 

Sand that is used for the furnace bed which is blended with unburnt 
coke and ganister (see sand bed in Appendix 3 .1 : Section through of a cupola); 

Metal Loss: 
A small proportion of the excess metal melted is actually lost during the production 
process, the main routes of metal loss are: 
• melting losses at the furnace through oxidation, slagging operations, test pieces etc.; 
• small pieces of spilt metal which are unsuitable for remelting; 
• metal chipped or ground off castings during fettling . 
These various metal losses amount to 5-7% of the metal melted [ 5]. 
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3.5 Environmental performance 

Improvement of environmental performance is part of the aim set for this project (see paragraph 
2.2). 
For the purpose of this project environmental performance is defined as: 
Every company involved with activities which have an environmental impact must be accountable 
for their performance 
The following definition of environmental impact is used for this project: 
Any change to the environment, whether adverse or beneficial, wholly or partially resulting from 
an organisation's activities, products or services. 
This definition is based on the definition used in ISO 14001. 

The adverse environmental impact of a foundry are pollution of land, water and air. One of the 
causes of pollution of this kind is the disposal of solid waste. 

The indicators for the environmental performance chosen for this project are: 
• Volume of waste generated; 
• Realisation of potential value in waste whilst taking care of our environment. 

3.6 True cost of waste 

The cost of waste disposal are only an indication of the true cost of waste. 
The real cost of producing waste include: 
• raw materials costs; 
• processing costs including effluent treatment/air emissions abatement costs; 
• rework cost; 
• the effect waste has on capacity by reducing productivity; 
• management time associated with dealing with waste ; 
• costs for monitoring a particular discharge; 
• environmental liabilities in storing and disposing of waste. 
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4 THE CURRENT SITUATION 

Introduction 
This chapter describes the current waste situation. It starts with definitions of waste terms. 
The following paragraphs consist of initial waste audit stages, current waste volumes & disposal 
cost, environmental taxes, landfill fee and influential legislation. 

4.1 Definitions of waste 

Relatively few terms are used to describe waste in the legislation compared with the many 
descriptions used by the regulatory authorities or the waste management industry. 
For easy reference, the main categories are placed in an ascending order of their hazard rating, 
which is illustrated below [3]. 

I 
Household 

I 

Inert 

A Classification System for Waste 

Waste 

I 
I 

Controlled Waste 
I 

Non-Controlled Waste 

C I . l ommercia 

Is · 1 Non- p 

I 
Non-Hazardous 

l 
Chemical 

Inkustrial 

I 

Difficult 

I I 

l 
Agricultural 

Biological Physical 

I 
I 

Mines 

Figure 4.1 A classification system for waste [3] 

I 
Quarries 

The legislative terms are restricted to the definitions required to provide a framework for the 
operation of the control mechanisms, namely the licensing of waste management facilities and the 
transportation of hazardous wastes. The main terms of reference used in the legislation are: 
• Waste 
• Directive waste 
• Controlled waste 
• Special waste 

The main terms of reference used in the legislation are defined in the Environmental Protection 
Act 1990 (EPA 1990), which is described in paragraph 4.6, influential legislation. 
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Waste: The definition of waste used for this project is given in paragraph 2.2. 
Whether a substance or object is classified as waste is decided by the Environment Agency. 
Guidance on the current position in the UK is set out in DOE Circular 11/94, Annex 2: The 
Definition of Waste. Many foundries are confused about how recycled materials should be defined, 
and what licensing requirements may apply. 
One of the key tests is whether a substance falls out of the commercial cycle or the chain of utility. 
In the guidance provided, the concept of "useful by-product", is established. 
If a material leaves the generator's site as a "useful by-product", i.e., in a state suitable for another 
use without further processing, then it may not be classified as waste, and the various licensing 
requirements relevant to transporting, storing and processing of waste would not apply. 
This key test should not be viewed as the definitive legal meaning, but are to be taken as 
" indicative" rather than mandatory. It gives an indication on which the Environment Agency bases 
its decision whether a substance will be classified as waste [2]. 

Directive Waste: Directive waste is the European version of the definition of waste as defined 
above. 

Most of the provisions in Part II of the EPA 90 were originally applied to Controlled waste, i.e. 
household, commercial and industrial waste. As of 1 May 1994, all provisions which applied to 
Controlled waste now apply only to Controlled waste which is also Directive waste. Subject to this 
amendment, section 75 of the Act gives the following definitions . 
Controlled Waste: 

Household waste Waste from a domestic property, caravan, residential home, 
educational establishment, hospital or nursing home. 

Industrial waste Waste from a factory (within the meaning of the Factories Act 1961) 
or from any premises used for or in connection with: 
- the provision of public transport (by land, water or air) 
- the public supply of gas, water, electricity or sewerage services 
- the provision to the public of postal or telecommunications services. 

Commercial waste Waste from premises used for a trade or business or for the purposes 
of sport, recreation or entertainment. 

The Special Waste Regulations 1996 came into force on 1 September 1996, replacing the Control 
of Pollution (Special Waste) Regulations 1980. As with the 1980 Regulations, the purpose of the 
new Special Waste Regulations is to control the management of the most dangerous wastes. 
They also implement the EC Hazardous Waste Directive which introduced a new definition of 
Special Waste. The Regulations have been amended by the Special Waste (Amendment) 
Regulations 1996 and by the Special Waste (Amendment) Regulations 1997, which make minor 
technical changes. The Regulations contain a copy of the EC Hazardous Waste List. 
Special waste: waste is special if it is included in the list and also exhibits one of fourteen 

hazardous properties. These are essentially the same properties which qualify a chemical as 
"dangerous" under the Chemicals (Hazard Information an Packaging for Supply) 
Regulations 1994. A waste not included on the list will also 
be Special if it is: 
- a prescription-only medicine 
- a liquid with a flashpoint of 21 °C or below 
- classified as irritant, harmful, toxic, corrosive or carcinogenic. 
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The following definitions are intended to illustrate the terms used within the waste management 
industry. Descriptions in this section should not be viewed as definitive legal meanings of each 
waste category but rather as a general illustration of the various terms. 

Inert Waste: 
This category of wastes covers materials which do not undergo significant physical, chemical or 
biological reactions or cause environmental pollution when deposited at a landfill facility under 
normal conditions. Examples are: 
• waste mould/core sand; 
• refractories form furnaces and ladles; 
• fused and insoluble slag. 

Non-Hazardous Waste: 
This is a general term used to refer to a waste with no known or immediate hazard connected with 
its handling or disposal. However, it may possess a reactive property, usually biodegradation, 
which places the waste in this category rather than the inert classification. Examples are wood, 
paper and cardboard. 

Difficult Waste: 
Generally, this term is used to describe wastes which could in certain circumstances be harmful to 
human health or the environment in the short or long-term due to their chemical or biological 
properties. Additionally, this term includes wastes whose physical properties present handling 
problems at the point of disposal. Examples are: 
a) Chemical properties 
b) Biological properties 
c) Physical properties 

Hazardous Waste: 
The term "hazardous waste" is often used in the UK as a general description of waste which 
contains a hazardous substance in such a quantity liable to cause death, injury or impairment to 
living beings, pollution of waters, or an unacceptable impact on the environment, if improperly 
handled, treated or disposed of. It is a widely used term with no agreed meaning other than under 
the Transfrontier Shipment of Hazardous Waste Regulations 1988 (SI No. 1562). It also has 
meaning in other European States and in the USA where it is roughly synonymous with Special 
Waste. "Hazardous waste" is often used in the UK as slang for Special Waste but may be used to 
describe "very dangerous" Special Waste. This imprecise usage of the term "hazardous waste" 
may change when EC directive 91/689/EEC on hazardous waste is implemented [3]. 
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4.2 Initial waste audits stages 

Many foundrymen view waste reduction as a burden imposed by government regulators. However, 
the fact that waste reduction makes economic sense by lowering production costs and improving 
competitiveness. This is achieved by using the minimum of natural resources to convert raw 
material input to delivered product output and to minimise waste disposal. 
To succeed in this aim it is necessary to understand the processes of the foundries and identify all 
the materials to be considered for minimisation. This can be achieved by conducting waste audits, 
consisting of the following four steps: 

Step 1 Individual process mapping 
Process mapping demonstrates in pictorial form how materials flow through process operations. 
Mapping explains where ancillary materials, consumables and energy are used and where known 
wastes (gas/solid/liquid) are generated, see figure 3.1 Flow chart of a foundry. 

Step 2 Quantity and cost determination. 
Having mapped all stages of the process in Step 1, the next step was to identify the amounts and 
costs of materials, utilities and wastes at each processing stage. All materials entering a process 
must come out of the process as either useful product or waste (solid, liquid, gas) . This is shown in 
the mass balance. 

Step 3 Prioritising issues 
This stage prioritises areas (materials) for reducing waste and increasing resource efficiency. 

Step 4 Generating options for improvement 
The collated data is analysed further to identify opportunities for waste minimisation. 

4.3 Current waste volumes & disposal cost 

The results of each waste audit can be found in the initial waste audit reports. Appendix 4.3 , Initial 
Waste Audit Cass of Bury Ltd, gives an example of an initial waste audit report. 
The Executive summaries of the other waste audits can be found in the following Appendices: 
Appendix 4.4: Executive summary Initial Waste Audit Ouzledale Foundry Co Ltd; 
Appendix 4.5: Executive summary Initial Waste Audit Heskdales Ltd; 
Appendix 4.6: Executive summary Initial Waste Audit P&H Castings; 
Appendix 4.7: Executive summary Initial Waste Audit S.G. Castings (Nelson) Ltd; 
Appendix 4.8: Executive summary Initial Waste Audit Keith Prosser. 

Lupton & Place Ltd. uses the 'diecasting process" which by using permanent moulds instead of 
sand moulds, gives totally different waste materials (mainly packaging materials). 
For this reason the waste minimisation and management survey for Lupton & Place Ltd is done by 
two other students. 

At James Raistrick (Accrington) Ltd. the health & safety performance is poor and requires more 
immediate attention than the environmental performance. 

Since February 1998 Cass of Bury closed the business for this reason, the attention will be focused 
on the other participating foundries. 
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The main results from the waste audits are presented in figure 4.2 & 4.3, see below. 
Figure 4.2 illustrates the total waste stream produced by the assessed foundries. Figure 4.3 
illustrates the cost for the assessed foundries, associated with waste disposal. 
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Dust 
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Furnace 
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bonded 
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57% 

sand 

77% 
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Figure 4.2. Waste in volume. 
(3500 tonnes per annum) 

Figure 4.3. Cost of waste disposal 
(costing £24,000 per annum) 

The chemically bonded sand stream is the largest waste stream, this stream consists of the 
different sand (binder) systems used (e.g. Alkaline-phenolic, Furan and Silicate). 

To improve the current situation more detailed information, about the waste stream and 
opportunities for reducing these waste streams is needed. This information is given in the 
Appendices 4.3 to 4.8 (executive summaries of the initial waste audits). 
The largest waste stream in volume is the chemically bonded sand stream. An overview of the 
chemically bonded sand situation is given in table 4.2, entitled "Summary waste chemically 
bonded sand generation table", see next page. 

The second largest waste stream in volume is the furnace slag produced by Ouzledale Foundry. 
The blast furnace slag is generated in the cupola (see Appendix 3.1. Section through of a cupola). 

Table 4.1 Overview waste furnace slag 
Type of waste TI a Percentage of total Disposal cost p.a. (£) Segregated 

volume 
Furnace Slag 440 12 4,350 Yes 

Since the topics hazardous substances and packaging materials have already been assessed, this 
project will be focused on sand, binder, slag and dust minimisation and mangement. 
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Table 4.2 Summary Waste Chemically Bonded Sand Generation Table 

Cass of Bury 390 5,840 Alkaline - phenolic No Yes 

Ouzledale 512 8,480 Alkaline - phenolic Yes Yes 
Foundry 
Heskdales 85 800 Furan & Silicate (CO2) Yes No 

P &H Castings 120 1,450 Alkaline - phenolic & Yes No 
Silicate (CO2) 

S.G. Castings 1570 7,050 Furan & Silicate (CO2) No Yes 

Keith Prosser 48 700 Alkaline - phenolic & No No 
Silicate (CO2) 
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4.4 Environmental taxes 

On the surface, the logic behind environmental taxes is irresistible. In the industrial world, and 
increasingly in all countries, most economic resources are allocated through markets. This 
provides one of the major reasons why environmental degradation has occurred. Many of the most 
essential environmental goods - air, water, stratospheric ozone, biodiversity - do not have value in 
markets. They have been, and often still are, regarded as free goods of nature. 
As a result, because markets have perceived them as having no value, environmental goods have 
been abused and over-used. Ecotaxes correct this perception. By charging for the use of 
environmental goods, they ensure that markets will value them. They are more effective than 
regulations [4], which continue to permit the environment to be used for free, at least up to the 
permitted level. 
Imposing ecotaxes on activities that deplete, degrade or pollute, conveys the fundamental message 
that all environmentally damaging activities should be liable to a cost. 

Landfill tax 
This tax came into practice on 1 October 1996. The tax has to be paid by the operator of a landfill 
site. The operator is the holder of the waste management licence. In practice the tax will be passed 
on to the waste producers by increasing the cost of the waste disposal. This is done with the 
intention to encourage them to minimise and Beneficially Use their waste. 
The tax is chargeable by weight and there are two rates: 
• a lower rate of £2 per tonne applies to those inactive wastes listed in the Landfill tax 

(Qualifying Material) Order 1996. 
• a standard rate of £7 per tonne applies to all other taxable waste. 
Appendix 4.1, Guidance on Tax Liability for Foundry Waste Disposed ofto Landfill, gives the 
current Landfill tax situation for the foundry industry. More information about the landfill tax can 
be found in, Appendix 4.2, A general guide to landfill tax. 

Waste mould/core sand from casting operations, including greensand and all chemically bonded 
sand systems plus strike off sand, scrap moulds/cores, and any other resin bonded sand which has 
not been used for casting are liable at an inactive £2/tonne rate [12]. This is a temporary status and 
is under evaluation by HM Customs & Excise at the moment. 

In the "Budget" on 16 March 1998 the Chancellor announced an increase int the tax rate for 
"active" waste from £7 to £ 10 per tonne from April 1999. The £2 per tonne rate for "inactive" 
waste has been frozen on the grounds that is has resulted in the diversion of some waste to 
unregulated activities ("fly-tipping"). 
A change was the decision to exempt from tax altogether inert wastes used in restoring landfills. 
In a major concession to the minerals industry, the exemption is likely to encompass infilling of 
quarries. The move may diminish the incentive provided by the tax for recycling demolition and 
construction wastes. It remains to be seen whether an aggregates tax (see below) could offset this. 

Aggregates tax 
This tax was due to come in practice on 1 April 1998 [13]. The tax has to be paid by the operator 
quarry. In practice the tax will be passed on to the virgin material (sand) buyers. 
The tax would be chargeable at a rate of£ 1 a tonne. 
However in the "Budget" on 16 March 1998 the Chancellor did not mention the aggregates tax. 
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4.5 Landfill fee 

Waste sand management is becoming increasingly important to foundries because the cost of 
disposal to landfill has increased dramatically in recent years [7]. This is primarily due to tighter 
legislative control of both waste sand disposal and waste disposal sites. 
The average disposal cost in the North-west region in 1994 are £9.20 a tonne. This fee is low in 
comparison to fees paid in the rest of the EU [20] (Denmark £25/tonne, The Netherlands 
£15/tonne). This indicates that the landfill fee in the UK is likely to go up in the future. 

4.6 Influential legislation 

The legislation topic was assessed by E. Wainwricht [21] as part of the Environet 2000 project. 
An overview of conclusions concerning the waste topic were devised as part of this project 
(Appendix 4.9 -Current legislative practice concerning the waste topic). 
The following legislation was considered to be the influential on the topic waste [21]. 

Environmental Protection Act 1990 
Relevant section 

Part II - Waste on Land section 33 - unauthorised deposit, section 34 -The Duty of Care. 
Notes 

1) section 33 makes it an offence to deposit controlled waste unless in accordance with a waste 
management licence. 

2) producer of waste must take all reasonable measures to ensure its safe and authorised 
management and disposal. 

3) criminal offence to breach duty of care. 
Application 

1) applies to all waste leaving the site as "controlled waste" i.e. industrial/commercial waste. 

Environmental Protection (Duty of Care) Regulations 1991 
Notes 

1) implements section 34 duty of care. 
2) set out the transfer note system. 
3) transfer note must specify information contained in regulations. 
4) exemptions for repeat transfer of waste 

Application 
1) applies to all controlled waste being transferred. 

Special Waste Regulations 1996 
Relevant section 

Part I of Schedule 2, Part II of Schedule 2 
Notes 

1) defines special waste. 
2) special consignment not procedure. 
3) five copies of consignment note must be completed. 
4) carriers and disposers also complete parts of the note. 
5) the notes must be kept for at least three years. 

Application 
1) applies to special waste as defined in Part I and Part II of Schedule 2 to the regulations 
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Environmental Protection Act 1990 
Relevant section 
Part IIA - Contaminated Land 
Notes 

1) for identification and remediation of contaminated land. 
2) local authority inspect their area from time to time. 
3) may serve remediation notice on 'appropriate person'. 
4) failure to comply with notice is a criminal offence. 
5) regulatory authority may carry out remediation themselves and recover costs. 

Application 
1) by reason of substances in, or under it, land where significant harm is being caused, or 

significant possibility of such harm being caused. 
2) pollution of controlled waters is being or is likely to be caused. 
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5 DIFFERENT POINTS OF VIEW 

Introduction 

The different points of view are described by the Government's point of view and the foundry's 
point of view. Four criteria have been developed on which decision making for this project is 
based. These criteria incorporate the two conflicting points of view. 

5.1 Government's point of view 

On 12 December 1995 the Government issued a White Paper on waste management, entitled 
"Making Waste Work ". This sets out a national strategy for the management of Controlled waste, 
and is directed at everyone who deals with waste, i.e. waste producers (including industry and the 
general public); the waste regulators in the Environment Agency; local authorities and waste 
managers. It should be noted that this is not the statutory waste strategy which the Government is 
obliged to produce under section 92 of the Environment Act 1995, and which would not be ready 
until 1997 - the objectives in the 1995 White Paper are to be taken as "indicative" rather than 
mandatory [ 4]. 

Making Waste Work is based on the principles of sustainable development, as laid down in the 
"Government's 1994 Sustainable Development Strategy". 
Sustainable development is defined as "development that meets the needs of the present without 
compromising the ability off uture generations to meet their own needs". 
The three key objectives by which the Government hopes to achieve sustainable waste 
management are: 
► reducing the amount of waste produced 
► making the best use of waste 
► selecting waste management options which minimise the risk of environmental pollution and 

harm to human health. 

5.2 Foundry's point of view 

If foundries need to take decisions for investments, whether for environmental improvements or 
other improvements they will base their decision on the following criteria (these definitions are for 
the non-specialist and should not be considered technically complete): 
♦ Money: 'financially viable' 
♦ Profit: 'meeting the foundry's return on investment standards' 
♦ Appropriate: 'suitable for purpose'. 
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5.3 Criteria developed for this project 

To achieve their objectives each party uses its own criteria on which they base their decisions. 
Four criteria have been developed on which decision making for this project is based. These 
criteria incorporate the two conflicting points of view. 

GOVERNMENT FOUNDRIES 

Money, Profit & 
Appropriate 

Figure 5 .1 Criteria developed to incorporate the two points of view 

(The Oxford Dictionary is used to define the criteria) 
► Financially feasible: 

practicable money wise, commercially viable 

► Sensible: 
having or showing wisdom or common sense; reasonable judicious (a sensible 
compromise) 

► Practical: 
1) of or concerned with practice or use rather than theory 
2) suited to use or action; designed mainly to fulfil a function 

► Acceptance: 
1) a positive response 
2) agreement to terms or proposals; an act of accepting 
3) general approval or belief 
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6 THE WASTE HIERARCHY 

To improve the environmental performance waste has to be managed in a more sustainable 
manner. The different waste management options can be ranked in a hierarchy. 
A concept which originated in EC environmental policy. A list of waste management options in 
order of environmental desirability [4] is given below. 
The UK Government uses slightly different terms than those normally used by foundrymen [2], as 
shown in Table 6.1. 

Table 6.1 The waste hierarchy 
Terminology Used Examples 

UK Government Foundrymen 
Definitions Definitions 

Reduction Minimisation Automatic binder chemical additions; 
minimising sand to metal ratios 

Re-Use Reclamation, Greensand recycling; mechanical attrition/ 
Recycling thermal reclamation of chemically bonded sand 

Recovery Beneficial Use by Slag into road construction; sand into asphalt; 
external industry recovery of zinc from melting dusts 

Recycling 
Composting 
Energy Injecting resin rich fines into cupola for BTU's 

(British Thermal Units) 
Disposal Landfill 

Since this project is carried out in the foundry industry the "language" of the foundrymen will be 
used. The definitions of these terms are given below. 

1. Minimisation (see chapter 7) 
It is better not to generate waste in the first place. Waste minimisation covers the reduction 
in amounts of waste and the use ofless environmental harmful materials by 
substitution. 

2. Reclamation I Recycling (see chapter 8) 
Utilising the spent material, with some degree of benefit, within one's own facility. 

3. Beneficial Use (see chapter 9) 
Utilising spent material outside the generating facility. 
Beneficial Use means using spent materials outside the generating facility. The spent sand 
is shipped by the foundry to a third party, where it will be incorporated as raw material in 
their manufacturing process. 

4. Landfill (see chapter I 0) 
Containment (landfill, deep injection) or destruction (incineration, chemical or 
biological) of waste. 

While minimisation, reclamation and Beneficial Use appear to be alternative waste reduction 
strategies, they may well be complementary and can be employed simultaneously by afoundry to 
minimise cost. 
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7 WASTE MINIMISATION 

Introduction 

This chapter describes ways to minimise dust disposal to landfill, binder use and sand use. 

7.1 Waste dust minimisation at Ouzledale Foundry 

One way of waste dust minimisation is through dust injection. A new through-tuyere burner 
system, could improve the operation and running costs of the cupola (see Appendix 7.1 "Injection 
of foundry dust in to the Cupola" for extensive information). 
The system was originally developed to increase disposal of residual materials ( e.g. dusts from the 
cupola, fettling shop and sand processing) by direct injection into the melt zone, thus eliminating 
disposal by landfill. It achieves this by heating the injected material and the injection zone at the 
same time as the unwanted materials are introduced. An oxy-fuel burner integrated into the tuyere 
(tuyere: see Appendix 3.1 Section through of a cupola) delivers flame temperatures higher than 
2000 °C. See lay-out of the equipment below. 

Figure 7.1 Lay-out of the dust injection equipment 

~ , 

AIR ' mooucrst.:::. 

Since its introduction in 1994, experiences has shown that the system delivers numerous 
additional benefits which improve the cupola's operation and cost-effectiveness, while showing no 
detrimental effect on refractory wear or slag quality. Past attempts at injecting waste materials 
produced a number of unwanted side effects: tuyere blockages, reduction in molten metal quality 
and lower iron temperatures. These problems are not easily solved, even with the use of oxygen 
enrichment. Increasing quantities of dust seriously disturb the whole thermal and chemical 
equilibrium in the cupola. The solution is to heat both the dust and the transport medium to such a 
point that tuyere blockages do not take place -even at high injection rates. 
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Advantages of dust injection with the APCOS-system: 
> No cooling of the melt zone during dust injection; 
> Variety of materials which can be injected - dusts, FeSi, pet coke, sand; 
> Coke level to less than 10 % of charge; 
> Reduced melt losses; 
> Increased flexibility (improved control by using gas which is a better controllable fuel); 
> Up to 50% increase in melt rate (depending on cupola type) 
> Increased tapping (molten iron) temperature; 
> Reduced need iron; 
> Reduced landfill volumes. 

The research into dust injection at the moment is focused on Ferron Silicon injection. 
Burn-off causes a significant loss of expensive alloying materials (Ferron Silicon for instance). 
Injection of these alloying materials directly into the melt zone of the cupola not only reduces 
alloy losses but also enables much quicker adjustments of the molten metal quality. Another 
advantage could be that the powdered alloying additions the system uses are often less expensive 
weight for weight that the conventional briquette form. 

Whether the investment into dust injection would be cost-effective depends on the reduction in 
Ferron Silicon losses and whether can pay-back the investment. 
The following data will need to be gathered to answer this question: 
♦ current volume (8 tonnes per annum) with associated cost of Ferron Silicon 
♦ percentage of Ferron Silicon ending up in the iron. From this the percentage of Ferron Silicon 

lost with the current process (estimated between 15-50% [14]) can be calculated. 
♦ the loss of Ferron Silicon if dust injection is used is estimated to be 5% [14] , this will need to 

be checked 
♦ cost of powdered Ferron Silicon with the volume needed 

7.2 Binder use minimisation 

Binder chemicals are one of the most expensive raw materials bought by foundries. 
Although only small amounts are used (typically 1 - 3% of the mixed sand), these chemicals can 
account for 30 - 60% of the total (Disposal, New sand & Binder) mixed sand cost. 
Each binder system has its advantages and disadvantages, wh.en environmental issues are 
considered. 
Foundries select a particular binder system based primarily on technical considerations, followed 
by cost, and thirdly environmental considerations [16]. In most cases, it is not possible to start 
with environmental considerations, however they can have a fundamental impact on the final 
decision once technical and cost issues have been considered. 

The following is a list of the main environmental impacts relating to binder systems: 
• Toxicity of chemicals (& their environmental impact in the event of a spil) 
• Emissions / odours during mould & coremaking 
• Emissions / odours during casting & shake-out 
• Raw material consumption 
• Waste disposal -amount of waste generated & nature of waste material 
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There is no doubt that chemical binders can be the source of significant environmental impacts. 
Organic binders can produce odorous emissions, particularly form casting operations. Cresols and 
xylenols are highly odorous chemicals formed from the thermal degradation of phenol, which is a 
constituent of all the organic systems [ 16]. 

Residual chemicals in "empty" containers and waste sand can result in disposal problems, and 
extra charges if classified as Special Waste. There are also health and safety issues related to 
handling and usage of binder chemicals. 
The choice of binder systems also determines to a certain extent the percentage of sand that can be 
reclaimed (see figure 7.2), and the level of binder addition required for rebonding of sand, thus 
affecting the total volume of waste that a foundry may produce. 
The calculation [8] used for figure 7.2 assumes sand costs of £20/tonne for new and £5/tonne for 
reclaimed sand (which are the cost ofreclaiming a tonne of sand). 
Figure 7.2 shows that the binder chemicals represent a significant proportion of the mixed sand 
cost -particularly when reclaimed sand is used. Total production costs depend on other factors, 
including the amount of reclaimed sand used, sand-to-liquid metal ratio, metal yield and scrap 
rates. 

• Binder cost 
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Sand reclamation for silicate systems is not normally performed, but is possible with specialist eqwpment. 

Figure 7.2 Average cost of a tonne of mixed sand [8] 
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The trade offs between these issues means that there is no one system that can be claimed to be 
better than all the rest. The sodium silicate system, for example, is good because it does not 
produce any organic odours -however, it is expensive to reclaim, and most foundries using this 
system do not reclaim any of their sand. The few that do reclaim are only achieving reclamation 
levels of 50 to 70%. 

The above mentioned information is used to advise the foundries which binder system to use. 

Table 7 .1 Changing binder systems 

Foundry Old system 

S.G. Castings 
Ouzledale Foundry 
Heskdales 
( P &H Castings 
Total* 

CO2 & Furan 
Alkaline-phennolic 

Furan & CO2 
CO2 & Alkaline-phenolic 

New 
system 
Furan 
Furan 
Furan 
Furan 

reduction in 
sand demand 

900 
340 
85 
150 

1325 

reduction in 
cost£ p.a. 

22,600 
9,000 
2,470 

5,000) 
34,070 

* P&H Castings is left out of the total, since this reduction is due to the start of sand reclamation 
(see paragraph 8.3). 

7.3 Waste sand minimisation at Ouzledale Foundry 

Current chemically bonded sand system at Ouzledale 
Ouzledale uses a high speed screw mixer with which the reclaimed sand, virgin sand and binder 
are mixed. The binder system which is used is an Alkaline-phenolic binder system, consisting of 
Novaset 735 (Resin) and Novaset AD2S (Acid catalyst). The line is semi-mechanised and is run 
by 5 people. More information on the current situation can be found in Appendix 4.4 entitled 
"Executive summary initial waste audit Ouzledale Foundy". 

Desired situation 
► reduced binder cost 
► improved binder control 
► improved mould strength control 
► improved reclamation 
► reduced sand spillage. 

Improvement 
The chemically bonded sand line has been completely redesigned, and this redesign is planned to 
be implemented in April 1998. 
A computerised mixer will improve binder control and mould strength control. Through this better 
control minimum binder addition rates can be used, which can reduce the binder cost. 
Every different mould will get his own number and information on weight and volume of binder 
used will be gathered. This will reduce the need for experimenting with addition rates of sand, this 
information can help minimise waste. 
Ouzledale will also replace the existing reclamation unit by a new reclamation unit to improve 
chemically bonded sand reclamation. 
These potential improvements have proven to be sufficient for the foundry to invest £250,000 in 
the new system. 
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8 WASTE RECLAMATION & RECYCLING 

Introduction 

This chapter contains a description of sand reclamation and recycling techniques and how these 
techniques have been used to minimise the waste from the participating foundries. 
After the casting has been knocked-out of the moulds the sand that is left has two options [7], 
depending on the use of greensand or chemically bonded sand ( explanation of greensand and 
chemically bonded sand can be found in paragraph 3.2). 

8.1 Greensand recycling 

When considering greensand recycling, a distinction is drawn between primary and secondary 
recycling. Primary recycling is where the sand from moulds or cores is broken down to its original 
grain size, or small particles, and detrimental fines and clays are removed. Secondary recycling 
involves further processing of the sand to remove residual binder additives and contaminants and 
return the sand to a quality similar to that of new sand. 

8.2 Chemically bonded sand reclamation 

When considering the reclamation of chemically bonded sand, a distinction is also drawn between 
primary and secondary reclamation. 
Primary reclamation, also known as attrition, breakdown or particulation, is where the sand from 
moulds or cores is broken down to its original grain size or small particles. The particulation 
process includes: 

sieving the sand to control grain size 
fines removal 
cooling the sand prior to blending with new sand. 

Particulate sand must be mixed with a proportion of new sand to produce a sand mix with 
sufficient quality for moulding or coremaking. The addition of new sand ensures that the sand 
mix, when recoated with binder, has an adequate bench life and sufficient mould strength. 
Primary reclamation can be carried out using shot blast, drum or more commonly, vibration 
equipment. 
Secondary reclamation techniques involve further processing of the particulated sand to remove 
residual binder. 
Foundries using these techniques have virtually eliminated the need for new sand additions and, 
therefore, minimised sand purchase and disposal costs. These costs are predicted to rise in the 
future, as resources become scarce and strict environmental legislation is implemented [7]. 
Secondary reclamation can be accomplished using more aggressive mechanical attrition 
techniques, wet scrubbing, or by thermal treatment. 
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8.3 Sand reclamation and recycling at the participating foundries 

The participating foundries that use greensand at the moment all use primary recycling. 
Secondary recycling of the greensand at the moment is not feasible, as the foundries do not use the 
volume which is needed to justify the investment. 

Primary reclamation of chemically bonded sand is carried out by Ouzledale Foundry (which 
improved their reclamation unit in April 1998, see paragraph 7.3) and S.G. Castings. 

In March 1998 P&H Castings saw the opportunity to invest in a second-hand reclamation unit. 
Through primary reclamation of chemically bonded sand will reduce sand demand from 300 tonne 
to 150 tonne per annum. 
Further information (Financing the sand reclamation project, Environmental Benefits and other 
benefits) can be found in Appendix 8.1 entitled "P&H Castings, Proposal for a "green" PENDLE 
investment grant". 

Research into whether secondary reclamation would be feasible for the participating foundries . 
Has concluded that the savings made would have been insufficient to offset the capitol cost. The 
main reason being the investment needed for secondary reclamation (estimated £215 ,000 (15]) and 
the operating cost ( £9/tonne (15]). 
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9 BENEFICIAL USE OF FOUNDRY BY-PRODUCTS 

Introduction 

This chapter will outline the experiences to date in the use of "processed" used foundry 
"By-Products". Which are generated by the participating foundries and the steps which have to be 
taken to produce materials which are, not only technically acceptable but, have the potential to be 
commercially viable, long term. 

9.1 Beneficial Use of foundry sand 

9.1.1 Reason for Beneficial Use 
Disposal by landfill of waste materials generated domestically, commercially and industrially is 
becoming an increasing problem as suitable sites are becoming scarcer. The waste disposal 
industry is now having to examine new methods for disposal of the very large volumes of waste 
generated by modem industrialised society in order to minimise its environmental impact. Driving 
forces such as regulatory and legislation are getting tighter and economic as disposal costs by 
current practices increase. 
The imposition of the landfill tax was greeted with dismay and doom by the foundries, but it has 
worked, designers now have to think about disposal, clients have to think because it is expensive. 
The imposition of a primary aggregate tax (paragraph 4.4) will be a further milestone in the 
progress to widespread use of recycled products. 
The rationale behind using the word "Beneficial Use" instead of recycling (see table 6.1, UK 
Goverment Definitions) is that people would be put off by the idea of using something that 
somebody else has already used. 
For the same reason it is better to talk about the Beneficial Use of a foundry "By-Product" instead 
of the recycling of foundry waste. 

9.1.2 The Products to be Marketed 
By-products from foundry processes can be divided into four major categories. 
They are sands, slag, dusts and other. 
♦ Sand is by far the largest component in volume and accounts for 77% (see paragraph 4.3) of the 

total volume of material landfilled by the foundries that were assessed 
♦ Slag accounts for 12% of the foundries by-product stream 
♦ Dusts accounts for 1 % 
♦ Other wastes ( 10%) fall into many categories, most of which can be remedied by utilising 

recycling techniques currently practised in the municipal waste sector. 

9.1.3 Processing needs to be done to make surplus used sand acceptable 
Surplus used foundry sand can be broadly split into 2 categories; green sand and chemically 
bonded sands. Of these two the chemically bonded sands are more readily acceptable to the end 
users, provided they are in grain form. 

Depending on the end user's requirements, the following processing might need to be considered: 
► Scalping to remove non-silica materials 
► Removal of metallics 
► Reduction to grain size 
► Storage of processed material (stockpile/ hoppers). 
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Added to this will be the need to take environmental precautions and establish quality control 
procedures. Some foundries are already doing this. For example, surplus reclaimed sand, after 
sand reclamation, is going into lightweight bricks, cement and felt production. 

9.1.4 Which end user industries can use the material 
In principle every process which uses silica ( see Appendix 9 .2 for a list of processes which use 
silica) as a raw material is a potential end user of foundry waste sand, if we however use the 
following criteria the options can be narrowed down to the 5 most feasible options: 
a) Technically the best solution; 

Whether a particular sand ban be used (technical limitations) depends on the binder material 
which is used. For example, the clay content in green sand can create problems where the end 
user process uses liquid binder i.e. Asphalt and subsequently requires more binder to achieve 
acceptable strengths. However, steps can be taken to alleviate the problem of clay content (see 
Problem Areas in table 9.1, next page). 
Chemically binders however can also generate problems. For example, if Alkaline-phenolic is 
used as binder material, the alkali content in the binder could cause problems if the sand is 
used as a raw material for cement production 

b) Market potential - volume generated in line with end users offtake 
"Localised Solutions" 
1. Single generator to single end user; 
2. Small number of similar generators to single end user; 
3. Large number of similar generators to a single end user 
In these cases the majority of the processing of the surplus used foundry sand will be done by 
the foundries themselves . 
"Global" Solutions 
Large number of generators with dissimilar surplus foundry sand streams to a number of end 
user, example - tip lining protection material and pipe laying applications. 
In these cases, it will usually be in association with a waste processing operation and requires 
some detailed processing, determined waste management and good quality control to be 
effective. 

c) Commercial viability 
The commercial viability of "processed" foundry sand revolves around the current cost of 
dumping (including the Landfill Tax) set against the cost of any processing required, 
transportation to the end user and what the end user is prepared to pay for the product. Of these 
elements it is generally accepted that transport is the determining factor [1]. Because of this 
fact "geographical solutions might be preferable to "end user" solutions, certainly in the short 
term. 

Using the above mentioned criteria the 5 most feasible options for Beneficial Use of foundry 
by-products can be selected. An overview of the requirements of the 5 options is given in table 9.1 
which can be found on the next page. 
These 5 most feasible options include: 

► Hot rolled asphalt and macadam; 

► Cement manufacture; 
► Construction, including backfill, ground levelling and road bed infill.; 
► Horticulture including top dressing, root zones and landscaping; 

► Clay bricks. 
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Table 9.1 Requtrements of the end user industries [1] 

Use Specification Problem Areas Identified 
Tonnage 

1. Asphalt Fine aggregate Clay content 3.2 - 4.0 
between 9-25% reqmres more million 
passmg, bitumen 
0,075mm screen 

2. Facing Bricks <lmm sieve Stack emissions 100-200,000 

3. Cement High silica Stack emissions. 300,000 
>95% Low alkali Phenol leachates. 

4. Top Dressings 30-50 AFS Phenol leachates. 400,000 
Heavy metals 

5. Landscaping Phenol leachates 500,000 
Heavy metals 

6. Backfill Phenol less than Phenol leachates 2,000 - 25 ,000 
5ppm lots 

I 

"Processed" 
Foundry Sand 

Used 
Chemically 
bonded sand 

(Furan excepted 
[14]) 

Greensand 

Chemically 
bonded sand 

(Alkaline-phenolic 
excepted 

Greensand 

Greensand 

Greensand 

Pre Processing Comments 
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To be in sand grain 

form. Preferably dry. 
Scalped to remove 
lumps and rubbish. 
In grain form-wet 
Scalped to remove Preferably in grain 

rubbish and metallics. form. 
Needs stockpile. 

Scalped to remove Seasonal. 
lumps and rubbish Needs stockpile 
Free from rubbish Needs to be available 

and metallics in volume -
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9.1.5 Physical and chemical properties of the major surplus foundry sand/binder streams 
The four major surplus foundry sand/binder streams have been analysed [I] in detail with 
particular reference to environmental effects, the results of which are shown in Appendix 9 .1. 

Samples of each process, in whatever form the surplus used foundry sand was available, have been 
taken over a I year period to determine the consistency or otherwise of the material. 
The greensands were a combination of clay, hot box, cold box, warm box and shell binders. 
The alkaline phenolic, furan and shell sand were 100% of the particular binder. 
Normally used surplus cured alkaline phenolic resin and furan resin bonded sands contain only 
very small [1] amounts of free phenol (typically 1-10 parts per million in the sand) or any other 
relatively low molecular weight and therefore volatile organic chemicals. 
Heating such sands to 100°C results in vaporisation of these traces of volatile materials but 
emission concentrations are extremely low [ 1]. 
Possible materials of this type are: phenol, formaldehyde, furfuryl alcohol, esters and ester 
products used in resin curing and possibly small amounts of toluene condensed in the furan 
bonded sand during casting. 

9.1.6 What are end users looking for: 
• Quality 

* Acceptable quality 
* Proven consistency 
* "Vigorous" quality control 
* Long term availabilit 
* A "seamless" operation. 

• Price 
* Price setting 
* Long term price stability 

Prioritising the criteria is difficult, while every potential end user will have other needs. 

9.1.7 Environmental Impacts 
Should foundry sand not be utilised in by another "end user" it would be disposed to landfill the 
effect would be: 
a) A reduction in capacity of the already diminishing landfill sites; 
b) Increase the cost of making castings; 
c) Increase the need to quarry and, therefore, wasting our natural resources. 

Above all, if foundry sand is not used in this way it would be depriving the foundries to improve 
their environmental performance in a cost effective way. 

9.1.8 Risk of Beneficial Use 
The risks involved in using a waste/recycled product (secondary raw material) is an additional risk 
to most people a negative factor, but it is a controlled or known risk weighted against an 
environment benefit which has an impact on everybody. 
Recycling's second class, low quality image will change but it will need a helping hand from the 
foundries . 
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9.1.9 Marketing the product 
1. As suppliers of raw materials, foundries will need to provide potential customers with 

sufficient data to enable them to assess whether the raw material complies with their "end 
user" specification. 

2. Product quality, backed up by process control data, will be essential to create confidence in 
"processed" foundry sand as an alternative material. 

3. Most by-proctucts from foundries are regulated in some way so it will be important to 
understand the environmental regulations (Duty of Care, EPA 1990) and, in particular, 
those environmental regulations which affect the end user. 

4. Pricing of processed foundry sand. Assume that the end user will be investing in your 
future by using "processed" foundry sand and "pitch" the price accordingly. 

5. Partners - foundry and "end user". Where possible find an end user who is willing to use 
processed foundry sand preferable one who is prepared to look at the long term economic 
advantages of such a co-operation. 

9.2 The Beneficial Use of waste sand from the participating foundries 

The binder material used (furan) by Ouzledale Foundy, S.G. Castings and P&H Castings makes 
the foundry by-product sand suitable for Beneficial Use in cement production (see table 9.1). 
Through an investigation into local companies which would be able to use the foundry by-product 
Castle Cement in Clitheroe appeared to be the most suitable end user. This was mainly due to the 
geographical situation. If the "normal deal" (the foundries pay for the transportation costs and the 
end user receives the by-product at no charge at their site) between the foundries and the end user 
is applicable, the cost of disposal would be the following (see table 9.2 Opportunity for cost 
reduction through Beneficial Use of sand). 
The vehicle operating costs of a 17 tonnes skip with average mileage (45,000 miles p.a.) is £1 a 
mile (figures from the Freight Transport Association). 

Table 9.2 Opportunity for cost reduction through Beneficial Use of sand 
Foundry T/a Distance Disposal cost with Current Saving 

foundries to Beneficial Use disposal cost in£ per 
Castle Cement (Transportation in£ per annum 
(one way) [m] cost) in £ p.a. annum 

S. G. Castings 920 16 1.720 6,862 5,102 
Ouzledale 250 13 442 435 -7 
Foundry 
P &H Castings 150 15 270 1,440 1,170 
Total 1320 2,432 8,737 6,265 

Example of transportation cost calculation from Ouzledale Foundry: 
Ouzledale Foundry generates 250 tonnes per annum, this can be transported by 15 skips 
(17 tonne/skip). The distance (return) from Ouzledale Foundry to Castle Cement is 26 miles which 
would give an annual transportation cost of £442 (17 skips x 26 miles x £1 a mile). 

The reasons that Castle Cement may not be interested in Beneficial Use are: 
• The quarry which is used by Castle Cement is also owned by Castle Cement 
• An effort may be needed to ensure Beneficial Use, complies with all relevant legislation. 
• The sand which is used by Castle Cement is of a guaranteed quality. 
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The following points may interest Castle Cement: 
♦ If the sand could be delivered free of charge at Castle Cement's site. 
♦ It is Government's policy to reduce landfill through Beneficial Use, this would demonstrate 

Castle Cements commitment to this policy. 
♦ The aggregate tax would increase the cost of quarrying the sand by Castle Cement. 

9.3 Beneficial Use of foundry slag 

Blast furnace slag is defined by the American Society of Testing and Materials as: 
non-metallic by-product of iron production in blast furnaces (see Appendix 3.1 section through of 
a cupola), consisting essentially of silicates and alumina-silicates of lime and other bases. 
Depending on the method of cooling the liquid slag, four types of blast furnace slag are produced: 
(1) air-cooled (solidification under ambient conditions), which finds extensive use in conventional 
aggregate applications; 
(2) Expanded or foamed (solidified with controlled quantities of water, sometimes with air or 
steam), which is mainly used as a lightweight aggregate ; 
(3) granulated (solidified by quick water-quenching to a "glassy" state), which is mainly used in 
slag cement manufacture; 
(4) pelletized (solidified by water and air-quenching in conjunction with a spinning drum), which 
is used both as a lightweight aggregate and in slag cement manufacture. 

The 440 tonnes per annum of furnace slag generated by Ouzledale Foundry, is cooled through 
method 1. 
The slag at Ouzledale Foundry is caught in a slag container. The container has the form of a thick 
section ladle, mounted on wheels for easy movement. The container is positioned under the slag 
spout for collecting, and is removed when full . The slag is allowed to cool and solidify before 
being tipped out of the container. After cooling the so lidified slag is currently disposed of through 
landfill. 
The slag that is generated at Ouzledale foundry has been tested, using an XRD-test which gave the 
results shown in Appendix 9.3: CS= Calcium Silicate, CSM = Hydrated Calcium Silicate. 

The conventional aggregate applications are: 
♦ Road construction 

• granular base and subbase 
• hot-mix asphalt fine aggregate 

♦ Concrete aggregate 
• concrete fine aggregate 
• bricks and mortar 

Slag is a waste product and, due to its particular glassy-like properties, cannot easily be handled or 
Beneficial Used. Whether Beneficial Use of slag will be successful depend on: 
* Mechanical performance (skid resistance for example) 
* Lime and silica ratio in the slag (can be identified through an XRF chemical analysis) 
* Volume generated (and consistency) 
* Transportation of the material 
* Price, which the market is willing to pay (the aggregate market is a high volume market, which 

use low cost materials) 
* Glassy slag problem (through crushing of the slag glassy "flakes" can be formed, this could 

cause eye irritations for processing employees). 
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10 LANDFILL 

Introduction 

Most waste produced in the UK goes to landfill sites. Currently, 70 per cent of controlled waste 
and 90 per cent of household waste is landfilled [4]. 
The advantages of landfill are that it is inexpensive and suitable for a wide range of wastes. 
The disadvantages of landfill are; the risk of contaminating water, contamination of land which 
would make it unsuitable for some uses, landfill gas can be dangerous and its methane content is 
an important greenhouse gas and suitable disposal space is running short in some areas [ 4]. 

While the waste hierarchy represents our overall priorities for waste, it will not hold true for all 
types of waste, and waste producers will still want to recover or dispose of their waste in a 
cost-effective manner. To do this the following advice is given [16]. 

Do segregate wastes 
• If possible, keep chemically bonded moulding sands separate from greensand waste. 
• Separate unburnt chemically bonded sands such as core-shop sweepings, broken cores and core 

stubs from bonded sands obtained from the shakeout. 
• A void contaminating waste-sand deposits with slags, especially waste containing calcium 

carbide from ductile-iron desulphurization. 
• Keep waste materials collected in bag filters or cyclones out ot the waste sand. Bag these 

materials and dispose of them separately. 
• Keep metals out of waste sand (no floor sweeping, no shot) and check the satisfactory operation 

of the tramp-metal separator. 
• Keep waste sand as dry as possible. 
These simple practices are good housekeeping. 

Do not 
♦ Put general waste or domestic rubbish into sand skips 
♦ Throw packaging materials such as wood, paper cardboard or plastics into waste-sand skips; 

dispose of these materials separately 
♦ Put apparently "empty" resin, catalyst or coating cans, drums or buckets into waste sand, they 

may convert the whole load into special waste. 
♦ Add waste resin binder, catalyst or coating materials to the sand -all such materials should be 

considered to be special waste; consult suppliers or supplier safety leaflets for advice on 
disposal. 
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11 CONCLUSIONS & RECOMMENDATIONS 

Introduction 

This chapter gives the conclusion and the recommendations, resulting from the placement. 

11.1 Conclusions 

1) For good waste practice it is useful to follow the waste hierarchy. The hierarchy has four basic 
levels providing a framework for decision making and reflecting the environmental and cost 
issues surrounding waste (see chapter 6). 

2) The Beneficial Use of the foundry by-product "sand" from Ouzledale, S.G. Castings and P&H 
Castings can give a reduction in sand disposed through landfill of 1000 tonnes per annum. If 
the sand is Beneficially Used transport costs remain but landfill fee & landfill tax do not apply. 

3) The main driver for foundries for waste reduction is cost, not environment. But they do not 
have formal management system in place to monitor the performance (see paragraph 4.4.). 

4) Awareness of the performance concerning the waste topic has been increased, through the 
initial waste audits (see paragraph 4.3). 

5) Changing binder systems to furan will reduce the demand for sand (purchase & disposal) of 
1300 tonnes per annum, with an associated reduction in cost of £34,000 per annum, 
(see paragraph 7.2). Because S.G., Ouzledale and P&H Castings are changing to the same sand 
system the chances for Beneficial Use of the foundry by-product "sand" increase, as it can 
possibly all go to the same end user. 

6) Through purchase of a sand reclamation unit P &H Castings will need 150 tonnes less then the 
300 tonnes which P&H is expected to use per annum. This gives an annual cost saving of 
£5,000 (see paragraph 8.1 .3). 

7) Injection of Ferron Silicon into the melting zone of the Ouzledale's cupola gives an estimated 
reduction in loss of Ferron Silicon from 15-50% by using bricks into 5% if injection is used 
( see paragraph 7 .1). 

8) The redesign of the chemically bonded sand line at Ouzledale foundry will improve binder and 
mould-strength control, reduce binder cost, minimise sand spillage and improve sand 
reclamation (see paragraph 7.3). 
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11.2 Recommendations 

1) The Beneficial Use project of the foundry by-product "sand" should be continued. The succes 
of the project depends on the party's involved: Foundries, End user and the Environment 
Agency (see paragraph 9.2). 

2) Monitoring of raw material use and waste generation should be continued, while processes keep 
changing. The foundries should be aware of potential cost saving through waste minimisation 
and management and explore them. 

3) The cost savings identified in chapter 7, 8 & 9 can only be obtained by implementing the 
proposed improvements. This should be done as soon as possible. 

4) Dust injection (Ferron Silicon minimisation and dust -Fettling shop- reclamation) is a project 
which deserves further research regarding the feasibility. Ferron Silicon injection could be the 
first step followed by dust ( fettling shop) injection at a later stage. 

5) The research on how to Beneficial Use the foundry by-product "slag" should be continued (see 
paragraph 9.3). 
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GLOSSARY OF TERMS 

Casting Cavity 

Cupola 

EU 

Furnace slag 

Foundry sand 

Ladle 

Risers 

Runners 

Tonne 

The impression in the mould which, after having been filled with liquid 
alloy, yields the casting. 

Coke fired furnace to melt iron. 

European Union. 

Nonmetallic byproduct of iron production in blast furnaces, consisting 
essentially of silicates and alumina-silicates of lirrte and other bases. 

(spent sand, waste sand) Silica sand used in ferrous and nonferrous 
foundries in the moulds, that becomes "contaminated" during the casting 
process, and is reclaimed, Beneficial Used or disposed. 

Container which is used to transport the molten metal to the moulds and to 
pour the molten metal into the moulds. 

System through which the air leaves the cavity in the mould. 

System through which the molten metal is poured into the mould. 

1000 kg. 



Appendix 2.1 Progress milestones and time table 

The final project is planned to last nine months, from August 1997 until April 1998. Figure 
2.1 shows the planning. 

Aug Sep Oct Nov Dec Jan Feb Mrt Apr 
ACTIONS 
Introduction 
Waste audits 
Analysis of the waste audits 
Identification of Reduce, 
Reclamation and Re-Use 
possibilities 
Develop sand reclamation 
improvements 
Develop 3 most feasible Re-Use 
options 
Implementation, monitoring and 
evaluation of most feasible 
option(s) 
REPORTS 
Waste audit reports 
Half-time report Eindhoven 
University of Technology (TUE) 
End report (TUE) 
MEETINGS 
Interim presentation 
End presentation Environet 2000 
End presentation TUE 

Figure 2.1 GANTT chart of final project 

Key: 

- = Time for actions. 

• = Finishing time reports . 

■ = Time meetings. 

• • 
• 

■ 
■ 
■ 



The cupola is essentially a shaft furnace in which metal to be melted, coke as a fuel and fluxing 
material such as limestone are charged. Combustion air is blown into the furnace through tuyeres 
located at the bottom of the shaft (see figure) to combust the coke, and the resultant rising hos gases 
heat and melt the descending metal charges. There are three principal types of cupola operating in the 
UK: cold blast (single row of tuyeres) which is used by Ouzledale foundry co.; divided cold blast 
(two rows of tuyeres); and hot blast (single or two rows of tuyeres), in which the combustion air is 
pre-heated, typically to about 500 °C. In addition, modifications can be made to the cupola operation 
to increase efficiency, such as using oxygen instead of combustion air, operating with continuous 
metal tapping and slagging systems, and operating with water cooling and liningless systems for long 
campaign operation. 

Blast air --

Blast air --

Charging 
door 

Section through cupola 

- +--Metal and 
coke charge 

APPENDIX 3.1: SECTION THROUGH OF A CUPOLA 
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furnaces are very simple in 

concept, comprising a crucible on a 

stand surrounded by electric 

~•~; heating elements. They offer many 

~; advantages including: 

ii • Low running costs. 

€'" • Close temperature control. 

~} • Improved working environment. 

• Extended crucible life. 

• Low maintenance costs. 

• Comparable capital costs with 

fossil fuel furnaces . 

• No need for flues etc. 

Economic use of resistance 

element furnaces is a matter of 

common sense and planned 

maintenance. They are operated 

most economically when: 

• Furnace is kept full whenever 

possible. 

• Cover is used during non-working 

periods. 

* Metal is held overnight, rather 

than melted every day. 

• Crucible replacement is planned 

to obtain maximum heat transfer. 

Effective use of these furnaces 

results in a practical energy use of: 

• Aluminium 600kWh/tonne 

• Zinc 200kWh/tonne. 

INDUCTION 

FURNACES 

The coreless induction furnace 

works on the same principle as a 

transformer. The charge acts as a 

single secondary turn, thereby 

producing heat when power is 

supplied to a multi-turn primary 

coil. Medium frequency (250Hz -

5000Hz) induction melting is 

excellent for iron, aluminium and 

copper based alloys. 

The advantages of induction 

melting are: 

• Rapid and efficient melting . 

• Predictable energy consumption. 

• Compact design. 

• No products of combustion. 

• Excellent metallurgical control. 

• Flexibility of production . 

Manufacturers of equipment 

often quote energy use as 

520kWh/tonne for iron and 

aluminium, and 330kWh/tonne for 

copper based alloys. These figures 

are achievable in working 

foundries, under optimum 

conditions. Many foundries have 

working methods which lead to an 

increase in the energy 

consumption, for example in the 

case of iron , to 575-600kWh/tonne. 

To achieve the lowest energy 

consumption the following points 

must be adhered to : 

* Keep holding of molten metal to a 

minimum. 

* Full power operation by optimised 

charge. 

* Minimise heat loss and use an 

insulated lid whenever possible. 

* Maintain the furnace lining in 

good condition and to manu

facturers· specified dimensions. 

APPENDIX 3.2: RESISTANCE ELEMENT AND INDUCTION FURNACES 



Appendix 4.1: Guidance on Tax Liability 
for Foundry Waste Disposed of to Landfill [1] 

TAX LIABILITY STATUS 

DESCRIPTION OF WASTE Inactive Active 
(£2/tonne) (£7/tonne) 

MOULD AND COREMAKING WASTES: 
Waste mould/core sand from casting operations, including greensand and all chemically ✓ 

bonded sand systems (TS [2]) 

Strike off sand: scrap moulds/cores: any other resin bonded sand which has not been used ✓ 

for casting (TS) 

Investment casting ceramic shell wastes ✓ 

Unused/waste resins, hardeners, mould coatings ✓ (SW [3]) 
Sand used to clean up binder chemical spillage ✓ (SW) 

MELTING/CASTING WASTES: 
Refractories from furnaces and ladles; refractory sleeves ✓ 

Fused and insoluble slag ✓ 

Chromium-containing refractory waste ✓ (SW) 
Hot toppings, exothermic sleeves and powders ✓ 

Spent chills (graphite dust) ✓ 

Calcium carbide waste ✓(SW) 

FINISHING SHOP WASTES: 
Ceramic blanket or ceramic materials ✓ 

Spent glass or alumina blasting media ✓ 

Spent grinding wheels ✓ 

Spent metallic blasting media ✓ 

Arc air dross/slag ✓ 

DUSTS/SLUDGES COLLECTED BY ABATEMENT SYSTEMS: 
Green Sand Plant (without coal dust or coal substitutes) [4] ✓ (TS) 

Thermal reclamation plant [ 4] ✓ (TS) 

Shotblast [ 4] ✓ (TS) 

Melting Plant ✓ 

Melting Plant dusts containing heavy metals ✓ (possible 
SW) 

Green Sand Plant (with coal dust or coal dust substitues) ✓ 

Knock-out plant for chemically bonded sands ✓ 

Attrition reclamation plant for chemically bonded sands ✓ 

Fettling operations ✓ 

MISCELLANEOUS WASTES: 
Floor sweepings consisting only of sand ✓ (see sand) 

Wood dust, chipping, offcuts, other wood waste ✓ 

Wax and polystyrene wastes ✓ 

Floor sweepings of sand, metal dusts, paper, plastics, other rubbish ✓ 

Packaging wastes (paper, plastics, drums, pallets, etc.) ✓ 

Clarification: 
1. This guidance is based on The Castings Development Centre's interpretation of the Landfill Tax 

rules, and the knowledge of foundry wastes available at the time of publication, November 1996. 

2. TS (Temporary status), this evaluation is pending - the £2/tonne rate is therefore only temporary. 

3. SW= Requires disposal as a Special Waste, Some non-ferrous slags may require an evaluation to 
determine if they meet the criteria. 

4. Small quantities of packaging use to contain inactive waste are allowed. 

5. Mixed loads containing both "active" and "inactive" wastes are liable at the higher tax rate, unless 
the quantity of "active" waste present is at the minimum levels. (See HM Customs & Excise 
Guidance on Mixed Loads anached.) 
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A general guide to 
landfill tax 

HM CUSTOMS AND EXCISE 
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1 Basic principles 

1 .1 Law 

The primary law on landfill tax is contained in the Finance Act 1996 

(sections 39 to 71 inclusive, and schedule 5). This Act also provides for 
the following secondary legislation: 

• the Landfill Tax Regulations 1996 (SI 1996 No. 1527) - deal with 
the more detailed implementation aspects of the tax, such as 
registration and accounting procedures; 

• the Landfill Tax (Qualifying Material) Order 1996 (SI 1996 No. 
1528) - defines the categories of waste to which the lower rate of tax 
applies; and 

• the Landfill Tax (Contaminated Land) Order 1996 (SI 1996 No. 
1529) - sets out the provisions for exempting from tax waste from 
clearing historically contaminated land. 

1.2 Scope of tax 

Landfill tax applies to all waste: 

• disposed of by way of landfill; 

• at a licensed landfill site; 

• on or after 1 October 1996; 

• unless the waste is specifically exempt. 

1.3 Waste 

For landfill tax, material is disposed of as waste if, when disposing of it, 
or having it disposed of on his behalf, the producer intends to discard or 
throw it away. The fact that you or someone else uses it, or would have 
done so, is irrelevant. Where somebody else, such as a waste carrier, 

makes the disposal on behalf of the waste producer (either under a 
contract with, or at the request of, the producer) the carrier's intention is 

also irrelevant. It is the original producer's intention that determines if 

the material is waste. 

Only if waste is processed before its disposal to landfill and the process 
changes the chemical properties, is the original producer's intention no 

longer relevant. Composting is an example of such a process. However, 
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by crushing, bailing, sorting or screening waste, you do not change its 

properties and it remains waste . 

. .4 Site engineering 

Normally, we would expect most materials brought onto a landfill site to 

be waste. However, if you can demonstrate to our satisfaction that 

material used in site engineering was not discarded by its producer, it will 

not be subject to tax. Evidence for this could include invoices to show 

that the material was bought from a business whose principal activities 

include supplying it (in other words, who demonstrably had no intention 

to discard the material). 

L.5 Disposal by way of landfill 

There will be a disposal of material by way of landfill if it is deposited: 

• on, or on a structure set into, the surface of the land; or 

• under the surface of the land (land includes land covered by water 

which is above the low water mark of ordinary spring tides). 

Whether the material is placed in a container before it is deposited is 

irrelevant. It is still a disposal for the purposes of the tax if the material is 

covered with earth or similar material straight away or if it is deposited in 

a cavity such as a cavern or mine. If material is deposited with a view to 

being covered at a later stage with earth, the disposal is made when the 
material is deposited, not when it is covered. 

1.6 Landfill site 

A site falls within the scope of the tax if there is a licence or resolution 

authorising disposals in or on the land under: 

• Part II of the Environmental Protection Act 1990 in Great Britain; or 

• Part II of the Pollution Control and Local Government (Northern 
Ireland) Order 1978 (or the equivalent section of the Waste 

Management and Contaminated Land (Northern Ireland) Order, 

which is due to replace it in 1997). 

Any site which is exempt from licensing under environmental law will 

not fall within the scope of the tax. 
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1. 7 Liability to pay tax 

You are liable to pay tax on a taxable disposal if you are the licence 

holder for a landfill site. Where we refer to site operators in this notice 

we mean the licence holder. 

If you operate a licensed landfill site, any waste deposited in it, including 

waste which you have produced, will be liable to tax unless it is exempt 

from tax. This includes in-house sites where waste producers dispose of 

their own waste. 

Any future references to licensed landfill sites in this notice includes local 

authority sites subject to a resolution under environmental law. 
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2 Rates of tax 

2.1 Two rates of tax: 

The tax is chargeable by weight and there are two rates: 

• a lower rate of £2 per tonne applies to those inactive (or inert) wastes 

listed in the Landfill Tax (Qualifying Material) Order 1996, the 

relevant extract of which is set out at Appendix A to this notice; and 

• a standard rate of £7 per tonne applies to all other taxable waste. 

2.2 Evidence for lower rate 

You are required to retain sufficient evidence to substantiate applying the 

lower rate of tax to any particular disposal of waste. 

To qualify for the lower rate the waste transfer note, which is required to 

accompany most movements of waste in Great Britain, must accurately 

describe the waste so that it can be related to the terms used in The 

Landfill Tax (Qualifying Material) Order 1996. The waste transfer note 
may cover individual loads or it may be a "season ticket" covering a 

number of loads sent for disposal to your site over a period of time. 

In Northern Ireland, where waste transfer notes are not required under 

environmental law (until the Waste Management and Contaminated 

Land (Northern Ireland) Order comes into force) other commercial 
documentation should contain such a description. 

If you operate an in-house site and have applied the lower rate to waste 

which you have disposed of in that site you will need to provide evidence 
that the waste qualifies. 

2.3 Mixed loads 

Where a disposal to landfill contains both active and inactive materials, 

tax is due on the whole load at the standard rate. However, as long as it 

does not lead to any potential for pollution, you may ignore the presence 
of an incidental amount of active waste in a mainly inactive load, and 

treat the whole load as taxable at the lower rate. 

For example we would accept as qualifying for the lower rate: 

• a load of bricks, stone and concrete from the demolition of a building 

that has small pieces of wood in it and small quantities of plaster 
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attached to bricks as it would have not been feasible for a contractor 

to separate them; 

• load of soils that contain small quantities of grass; 

• small quantities of packaging containing, on disposal, inactive waste 
such as mineral dust; 

• a small percentage of active materials that is co-disposed with inactive 

wastes; 

• a load of soil and stone from street works containing tarmac would 

qualify but a load of tarmac containing soil and stone would not 

qualify. 

It is not possible for us to advise you on every disposal. It is your 

responsibility to decide what is a reasonable incidental amount of active 

waste disposed of at your site. You need to satisfy yourself that a load 

contains only a small quantity of active waste, that does not have a 

potential to pollute. The difficulty in separating the active components 
from the inactive waste is a factor that you can take into account, but this 

cannot be used to justify applying the lower rate of tax if the active waste 

is more than a small amount of the total load. You will need to justify 

your decisions to your local landfill tax officer. 
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Appendix A 

WASTE LIABLE AT THE LOWER RATE 

Group Description of material Conditions 

Group 1 Rocks and soils Naturally occurring 

Group 2 Ceramic or concrete 

materials 

Group 3 Minerals Processed or prepared, not 

used 

Group 4 Furnace slags 

Group 5 Ash 

Group 6 Low activity inorganic 
compounds 

Group 7 Calcium sulphate Disposed of either at a site 

not licensed to take 
putrescible waste or in a 

containment cell which takes 

only calcium sulphate 

Group 8 Calcium hydroxide and brine Deposited in brine cavity 

Group 9 Water Containing other qualifying 

material in suspension 

Notes: 

(1) Group 1 includes clay, sand, gravel, sandstone, limestone, crushed 

stone, china clay, construction stone, stone from the demolition of 

build ings or structures, slate, topsoil, peat, silt and dredgings. 
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(2) Group 2 comprises only the following: 

(a) glass; 

(6) ceramics; 

( c) concrete. 

(3) For the purposes of Note (2) above: 

(a) glass includes fritted enamel, but excludes glass fibre and glass

reinforced plastic; 

(6) ceramics includes bricks, bricks and mortar, tiles, clay ware, 

pottery, china and refractories; 

(c) concrete includes reinforced concrete, concrete blocks, breeze 

blocks and aircrete blocks, but excludes concrete plant 

washings. 

(4) Group 3 comprises only the following: 

(a) moulding sands; 

(6) clays; 

(c) mineral absorbents; 

(d) man-made mineral fibres; 
(e) silica; 
(f) mica; 

(g) mineral abrasives. 

(5) For the p urposes of Note (4) above: 

(a) moulding sands excludes sands containing organic binders; 
(b) clays includes moulding clays and clay absorbents, including 

Fuller's earth and bentonite; 
(c) man-made mineral fibres includes glass fibres, but excludes 

glass-reinforced plastic and asbestos. 

(6) Group 4 includes: 

(a) vitrified wastes and residues from thermal processing of 

minerals where, in either case, the residue is both fused and 

insoluble; 

(6) slag from waste incineration. 

(7) Group 5: 

(a) compnses only bottom ash and fly ash from wood, coal or 

waste combustion; and 

(6) excludes fly ash from municipal, clinical, and hazardous waste 

incinerators and sewage sludge incinerators. 
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(8) Group 6 comprises only titanium dioxide, calcium carbonate, 

magnesium carbonate, magnesium oxide, magnesium hydroxide, 

iron oxide, ferric hydroxide, aluminium oxide, aluminium 

hydroxide and zirconium dioxide. 

(9) Group 7 includes gypsum and calcium sulphate based plasters, but 

excludes plasterboard. 
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Initial Waste Audit of Cass of Bury Ltd. 

Introduction 

Enterprise plc has not independently checked or verified the information contained in this report and 
accordingly can accept no responsibility in respect there of. 

This assessment is strictly confidential. 

The conclusions and recommendations in this report are based on the answers given by the 
management ant the observations during the site visits. Estimates have been used where there is an 
absence of hard data. 

Due to the fact that English is not the author' s mother tongue it might be that some errors in language 
are in this report. I apologise in advance for this inconvenience. 

If however you discover any mistakes, please do not hesitate to contact the author. 

Rene Schoenmakers 
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Initial Waste Audit of Cass of Bury Ltd. 

Executive summary 

Cass of Bury Ltd. is a foundry with 20 employees and a turnover of £750,000 in 1996. 
Cass makes approximately 400 tonnes of castings per annum by melting iron in a cupola. 
The total amount of solid waste that is being disposed of per annum is 540 tonnes costing £5,840 (1 % 
of turnover) and is split into the different types of waste in figure 1 (amounts) and figure 2 (costs), see 
below. 
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Figure 1, Percentages of solid waste 
(540 tonnes per annum) 

Cupola 
Dust 
2% 

Cupola 
Waste 

11 % 

Dust 
4% 

19% 

rvletal Loss 
6% 

Cupola 
Slag 
5% 

Moulding 
_ Sand 

53% 

Figure 2, Cost of waste disposal 
(£5,840 per annum) 

70 % (372 tonnes) of the total amount of waste is moulding + core sand. The phenolic ester binder that 
is used for the moulds is Novaset 715 (Resin) and Novaset 403 (Acid). The furan binder that is used 
for the cores is Supaset 16 (Resin) and Supacat P22 (Acid). 
Cass of Bury installed a moulding sand reclamation plant in July 1996 which reduced the total amount 
of new (Dry) sand purchase from 1200 tonne per annum to 390 tonne per annum. 
The different types of waste are not segregated yet. 

The Way Forward 

Reduce: The possibilities for sand use minimisation can be worked out for every day practice. 

Reclamation: Changing the existing Novaset system to Furan sand will give a cost saving of 
aproximatly £6,600 per annum, and the cost are those of replacing the reclaimed Novaset sand 
with new Furan sand ( approximately £1,265). When Cass changes to Furan sand it will need 
177 tonne less moulding sand per annum. Pay-back time 0.2 years. 

The core sand reclamation must be considered because it will decrease the total amount of 
waste sand by 69 tonne and the costs of the sand ( disposal and purchase) may increase in the 
next years. The total budget price for changing the reclamation unit for reclamtion of core sand 
is £ 4,200, and the cost saving will be £2,228 per annum. The possibilities for a green 
investment grant will be investigated by the author. Pay-back time 1.9 years. 

Beneficial Use: The possibilities for Beneficial Use of the waste materials especially the waste 
sand (372 tonnes in the current system, and 130 tonne when Cass changes to the Furan system 
and starts reclaiming the core sand) will need further research. 
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Process mapping 

The initial waste audit was carried out by investigating the different waste streams. 
Figure 1, Process mapping, shows in pictorial form the material flow through process operations 

l 

Mould Core Melting 
making making 

4 5 
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into mould 

7 9 

10 13 
and 8 

reclamation 
Finishing 

11 12 

figure 1 Process mapping 

For each process stage (1 to 12) the identified amounts are shown in tables below. 
The amounts that are identified for the different process streams were given by the management, from 
purchasing books or estimated during the site visits. 

STREAM 1 - Input for Mould making 

Raw Materials·/ Utilities 
Type,.of Waste · 

Dry Sand 1 

Zircon Paste 1 (Blacking) 
Zircon Paste 10 (Blacking) 
Dursol (Spirit) 
Zip Slip (Spirit) 
Novaset 715 (Resin) 
Novaset 403 (Acid) 
TOTAL 

Amount ·· 
[Tonne] .. 

661.97 
1.15 
1.40 
3.80 
0.16 

16.00 
4.38 

688.86 

Bulk in Hopper Not applicable 
Drum Melted in the cupola 
Drum Melted in the cupola 
Drum Back to the supplier 
Drum Back to the supplier 
Tank Not applicable 
Tank Not applicable 

Clarification: [1] From April 1996 until March 1997 Cass purchased 759.97 tonnes of Dry Sand, of 
which 98 tonne was used for core making and the rest for mould making. 
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STREAM 2 - Input for Core making 

;_Raw, Materials !Utilities Amount Packaging Raw material use / 
Type of Waste [Tonne] Material way of waste disppsal 
Dry Sand 2 98.25 Bulk in Hopper Not applicable 
Heavy Sand (Furnace bed) 2 bags burnt on site 
Supacat P22 3 (Furan Acid) 1.89 Drum Not used any more 
Supaset 16 (Furan Resin) 3.00 Tank Not applicable 
TOTAL 105.14 
Clarification: [2] Cass purchases 393 tonnes of sand per annum, of this 25% (98.25 t) for coremaking 

STREAM 3 - Input for Melting 

Raw Materials /!Utilities ·•. Amount Packaging Raw material use/ 
j ype ofj;~aste }:,.; [Tonne] Material way. ofwa~te dispqsal .... · 
Pig iron 162.46 Not applicable Not applicable 
Scrap steel 166.57 Not applicable Not applicable 
Scrap cast iron 44.00 Not applicable Not applicable 
Grade 17 68.74 Not applicable Not applicable 
Ferron magnese 1.50 Drum Scrap dealer 
Copper 0.55 Sack Back to supplier 
Ferron moly 0.05 Drum Back to supplier 
Ferron silicon 1.91 Sack/Drum Scrap dealer 
Nikkel 0.03 Sack Landfill 
Limestone 20.00 Not applicable Not applicable 
Ganister 37.69 Sack Landfill 
Red Sand 20.24 Not applicable Not applicable 
Coke 96.98 Not applicable Not applicable 
TOTAL 620.72 
Clarification: The total amount of raw material is 446 tonnes per annum. 

STREAM4 

Moulds 
Cores 
TOTAL 

.. Amount· 
·[Tonne] 

1279 
98 

1377 

STREAM 5 - Melted metal 

Rlaw Nti:iterials X§Utilities 'Am.0unf 
" > ; , {rfonne] 

Molten metal 547 
TOTAL 547 

Packaging 
Material 

Not applicable 
Not applicable 

Packaging 
Material 

Ladle 

Raw,materiaFuse / . 1 ,, 

way of \\Taste disposaf 
Not applicable 
Not applicable 

Ra\v 'material use/ 
way of wc!'.ste disposal 

Pouring into moulds 

Clarification: the raw material plus runners & risers minus metal loss gives the total amount molten 
metal (446 + 111 - 10 = 547) 
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STREAM 6 -waste materials from the cupola 

Raw Materials /Utilities 
Type of Waste 

Amount 
[Tonne] J 

Packaging 
·Material 

Raw material use /. 
way of waste disposal 

Cupola Slag 4 

Cupola dust 
Waste (used) heat 
Cupola waste (Red Sand+ Ganister) 
TOTAL 

24.7 
11 

87.3 
58 

181 

Skip 
Skip 

Not applicable 
Skip 

Landfill 
Landfill 
Air emission 
Landfill 

[4] The cupola slag comes from Limestone (75% of Limestone purchased) and from unburnt Coke 
( 10% of Coke purchased) both estimated by J. Hunt. 

STREAM 7 - used Moulding sand 

Raw Materials·/ Utilities 
Type of;Waste · 

Moulding sand 
TOTAL 

STREAMS 

Raw Materials/Utilities 
~-. ' '.,:>. :. ) 

Type of Waste 
Moulding sand 5 

Air emission (resin) 
Core sand 
Metal loss 6 

TOTAL 
Clarification: 

Amount 
[Tonne] 

596.4 
596.4 

Amount 
[Tonne] 

676 
2.7 
98 
33 

762,7 

Packaging 
Mat~p_al 

Skip 

packaging 
. ··· Material 

Skip 
Not applicable 

Skip 
Skip 

..... 

Raw material use / 
wc1y of waste disposal 

Reclamation unit 

Raw material use / 
way of waste disposal 

Landfill 
Air 
Landfill 
Landfill 

• 

[5] from April 1996 until July 1996 Cass did not reclaim the moulding sand so the same amount that 
was purchased was sent to landfill.(472 Tonnes). After the installation of the reclamation unit Cass 
purchased 393 tonnes of sand per annum, this consisted of295 tonne for mould making and 98 tonne 
for core making. 
For the moulding process the 24.6 tonne of sand purchased a month. 0.8 tonne comes out as dust from 
the reclamation unit and 1 tonne comes out as dust from the shotblast, the rest (22.8 tonne) is lost for 
reclamation during the process (strike-off sand/ sand containing to much resin/ etc.). 
From April 96 until March 97 this makes: 472 + 8 * 22.8 = 654. + not burnt resin (22 tonne)= 676 
In the moulding sand that is being disposed of there is still 90% (worst case situation according to the 
supplier of the resin) of the total amount ofresin in it (24.3 tonne). The rest of the resin is burnt out of 
the moulds. 
[ 6] A small proportion of the excess metal melted is actually lost during the production process . 
The main routes of metal loss are: 

melting losses at the furnace through oxidation, slagging operations, test pieces etc.; 
small pieces of spilt metal which are unsuitable for melting; 
metal chipped or ground off castings during fettling. 

These various losses amount to 5 - 7 % (Good Practice Guide 17, Achieving high yields in iron 
foundries) of the metal melted. The total amount of lost metal will then be ( 6% of 54 7) 3 3 tonne. 
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STREAM9 

Raw Materials / Utilities Amount Packaging Raw material use / . 

Type of Waste [Tonne] Material way of waste disposal 
Casting 545 Not applicable Finishing 
TOTAL 545 

STREAM 10 

Raw Materials / Utilities Amount Packaging Raw material use / ' ' 
Tym:!,C>f Waste [Tonne] Material :. way of:waste ;posaL 
Reclaimed sand 6 590 Hopper Moulds 
TOTAL 590 
Clanfication: [6] For every tonne of new sand purchased for moulding 3 tonnes is reclaimed. 
Considering the average of 24.6 Tonnes of moulding sand purchase per month Cass reclaimed 73.75 
tonnes. Cass started to reclaim the moulding sand at the end of July '96 (8 months at 73.75) 

STREAM 11 

Raw Materials / Utilities Amount Packaging Raw material use / 
Type of Waste [Tonne] Material way of waste disposal 
Dust 6.4 Skip Landfill 
TOTAL 6.4 
Clarification: The dust from the dust extraction unit (part of the reclamation unit) is estimated at 0.8 
Tonne per month. Considering the installation of the reclamation unit (July 1996) this equates to 8 
months at 0.8 tonne = 6.4 tonne. 

STREAM 12 

Raw Materials/ Utilities Amount Packaging Raw material use / 
Type of·Waste [Tonne] Material way of waste disposal 
Casting 403 Not applicable Customer 
Dust 12 Skip Landfill 
TOTAL 415 

STREAM 13 

Raw Materials / Utilities Amount Packaging ,, Raw material use / 
\ .. 

,,, . ..;:',•" 

·1yRe,1of Waste . [Tonne] Material way qfwaste disposal 
Runners & Risers 111 Not applicable Cupola 
TOTAL 111 
Clarification: the balance of the excess melted metal, i.e. the pigged metal, runner systems and scrap 
casting, is returned for melting. A typical grey iron foundry will operate at a yield of approximately 
70 % Thus for every 100 tonnes of metal charged, the foundry produces 70 tonnes of good saleable 
castings. 

Packaging material: Cass doesn't use packaging material for their own castings. 
The drums (85 per annum) which are used for the delivery of raw material should be returned to the 
suppliers as far as possible. 
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Mass Balance 
The current situation (August 1996 - July 1997) is shown in the following table. 

Inputs to process Tonne per Outputs from t!}~ tprocess t'fo@es per 
' /,•,>· i . ,., annum ... Ai/ hf aJ:).J:!um. . 

Raw Material 446 Castings 403 
Moulding Sand ( + Resin) 322 Metal loss 33 
Core Sand(+ Resin) 105 Moulding Sand 274 
Coke 97 Core Sand 98 
Red Sand 20 Dust 22 
Ganister 38 Cupola Slag 25 
Limestone 20 Cupola Dust 11 

Cupola Waste 58 
Other/Unexplained 122 

TOTAL 1048 TOTAL 1048 
Assumption stock levels do not change. 
The difference between input and output is 122 tonnes, which could include air emission and other 
wastes that are not identified. 

Mass Balance of iron 

In,j:mtfor melting ,i 

Raw Material 
Runners & Risers 

TOTAL 
Assumption stock levels do not change. 

Mass Balance of sand 

H11pµt;jn;Jhe system 
Moulding Sand 
Core Sand 
Red Sand ( see stream 3) 
Reclaimed Sand (see stream 10) 

TOTAL 
Assumption stock levels do not change. 

T/a Outputs from m~lfiti.g .. .. ff/a 
446 Castings 403 
111 Metal loss (see stream 8) 33 

Runners & Risers (see stream 13) 111 
557 TOTAL 557 

T/a Outputs from tit~ ~y.§J~m ·• (;ti' ;f/; \ .. 
292 Moulding Sand (see stream 1) 274 

98 Core Sand (see stream 2) 83 
20 Dust ( see stream 6) 22 

590 Cupola Dust (see stream 6) 11 
Cupola Waste (see stream 6) 20 
Reclaimed Sand (see stream 10) 590 

1000 TOTAL 1000 
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Cost of waste disposal 

Since the reclamation unit of Cass is in full operation, Cass disposed of 73 skips to landfill 
(540/73=7.4 tonne per skip). The current price Cass pays for a skip is £80, which makes the total 
disposal cost £5,840. Figure 2, below, shows the total amount of waste Cass has disposed of from 
August 1996 until July 1997 (in August Cass started to reclaim the moulding sand). Figure 3, shows 
the costs of waste disposal. 
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Figure 2, Percentages of solid waste 
(540 tonnes per annum) 
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Figure 3, Cost of waste disposal 
(£5,840 per annum) 

Figure 2 shows that 72% of the total amount of waste that is being disposed of is sand (moulding sand 
and core sand), Cass does not segregate the different types of waste. The cost of the waste are directly 
dependant on the amounts of waste therefore 72 % of the total disposal cost comes from sand. 
In the next sections the survey will focus on sand. 
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Sand Purchased 

Cass of Bury Ltd. (Cass) installed a sand reclamation unit in July 1996. Ashland Foundry Products is 
the supplier of the reclamation unit. At the moment Cass can only reclaim the moulding sand. 
The reclamation unit has a large influence on the amount of waste, the total amount of sand has 
dropped dramatically since it was installed. Figure 3, Monthly sand purchased (bars), shows the 
amount of sand that was purchased from Jan 1996 until August 1997, Monthly sand skips (line graph), 
shows the amount of waste disposed ofby skip. 
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Figure 3, Sand purchased and tipping skips 
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Since Cass has used the reclamation unit the amount of new sand purchased has dropped from a 1200 
tonnes per annum to 390 tonnes per annum. The reason why the amounts of sand purchased per month 
differs is because Cass is a jobbing foundry, this makes the total amount of sand used in a month 
directly depending on the amount of casting made in a month. 

Current situation (August 1996 - July 1997) 
Purchasing Costs sand (393 tonnes/£ 21.64 a tonne) 
Disposal Costs sand (3 93 tonnes I £ 10 a tonne) 
Total Cost sand 

Sand use minimisation 

The following actions should be considered to reduce sand use: 

£ 8,500 
£ 3,930 + 
£12,430 

• For sand mixes, introduce a regular calibration regime for additive mixing equipment, 
supplement by a regular sand testing programme. 

• Training for the operators to keep strike-off sand to a minimum. 
• Increase metal yield by improved the methods. 
• Rationalise on binders for coremaking systems wherever possible. 
• Minimise sand-to-liquid metal ratios by: 

using shaped boxes that follow casting contours more closely 
blocking-in box comers (where appropriate) to reduce the amount of sand required to 
fill a box. 
the judicious use of 'loose pieces' and inserts to hollow out the mould in non-critical 
areas. 
reviewing wall thickness and, in particular, the amount of sand beneath the casting. 
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The use of reinforcing wires or bars may be preferable to excessively thick walls 
Sand Reclamation 

The following cost comparison uses the folowing information: 
- Current mixed sand costs (Resin costs) per tonne: £15.14p 
- Proposed Furan system costs per tonne: £14.39p 
- Current moulding reclamation level approximately 75:25 (estimated by David Clegg, Ashland 

Foundry Products) 
- From August 1996 until July 1997 Cass purchased 392 tonnes of new sand, this consisted of 295 

tonnes for moulding and 98 tonne for core making. 
- Disposal costs of £80 per skip (8 tonne/ skip - £10 / tonne) 
- Purchasing costs of new sand£ 21.64 (total purchase bill from April 1996 until March 1997 is 

£16,445 and the total amount purchased was 760 tonnes) 

Changing the existing Novaset system to a Furan sand system: 

COST: (Ashland did not mention the cost of changing to Furan sand!) 
Dumping costs of the reclaimed Novaset sand ( estimated 40 tonnes of sand 
in the system , £ 1 0 a tonne) £400 
Purchasing costs of new sand to replace the Novaset sand £865 

Total budget price: 

SAVINGS: 
Moulding sand: 

£1,265 

According to Ashland Foundry Products Cass can have an 90:10 (with 95:5 not being uncommon 
according to Ashland) moulding sand reclamation when they switch from the current sand mix to a 
Furan resin binder. 
If 25 % new sand addition is currently 295 tonnes then 10% will be 118 tonnes. 
The new system will need 177 tonnes less moulding sand per annum, 
Decrease in purchasing cost per annum £3 ,830 
Decrease in disposal cost per month £1,912 
Total estimated cost saving for mould making per annum 

Mixed sand saving 

+ 
£5,742 

The existing Novaset binder costs £15 .15p per tonne, the new Furan binder will cost £14.39p per 
tonne. Considering the use of 1200 tonne of sand per annum, the saving in mixed sand cost will be 
1200 X £0.75p= £900 
Total Estimated Cost Savings per Annum: £6,642 

Changing the existing Novaset System to a Furan system would have a pay-back time of 0.2 years. 
(1,265 I 6,642 = 0.19) 
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Reclamation of core sand 

COST: 
The budget cost of equipment modification to enable successful use of an accurately blended sand at 
core making station (Hopper and modification existing blowing system): 
Total Budget Price: £4,200 

SAVINGS 
The reclamation plant which Cass of Bury uses to reclaim the moulding sand can also be used to 
reclaim the core sand when Cass changes the existing Novaset system to Furan. 
The current reclamation unit can be used for reclaiming the core sand when Cass changes to Furan 
resin en fit a hopper for reclaimed core sand and modifies the existing blowing(sand transport) system. 
According to Ashland Foundry Product the new system will reclaim 70% of the core sand, thus 30% of 
the current 98 tonne per annum will still have to be purchased (29.4 tonne) 
The new system will need 68.6 tonnes less core sand per annum, 
Decrease in purchasing cost per annum £ 1485 
Decrease in disposal cost per annum £ 7 4 3 + 
Total estimated cost saving for core making per annum £2,228 

Modifying the equipment to enable successful use of an accurately blended sand at core making station 
would have a pay-back time of 1.9 years (4,200 / 2,228 = 1.885). 

The Way Forward 

Reduce: The possibilities for sand use minimisation can be worked out for every day practice. 

Reclamation: Changing the existing Novaset system to Furan sand will give a cost saving of 
aproximatly £6,600 per annum, and the cost are those ofreplacing the reclaimed Novaset sand 
with new Furan sand (approximately £1,265). When Cass changes to Furan sand it will need 
177 tonne less moulding sand per annum. Pay-back time 0.2 years. 

The core sand reclamation must be considered because it will decrease the total amount of 
waste sand by 69 tonne and the costs of the sand ( disposal and purchase) may increase in the 
next years. The total budget price for changing the reclamation unit for reclamtion of core sand 
is £ 4,200, and the cost saving will be £2,228 per annum. The possibilities for a green 
investment grant will be investigated by the author. Pay-back time 1.9 years. 

Beneficial Use: The possibilities for Beneficial Use of the waste materials especially the waste 
sand (372 tonnes in the current system, and 130 tonne when Cass changes to the Furan system 
and starts reclaiming the core sand) will need further research. 
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Executive summary of the Initial Waste Audit of Ouzledale Foundry 

Ouzledale Foundry Co Ltd. manufacture furnaces for domestic heating and cooking. At the site 129 
people are employed. Sixty employees work at the foundry. The annual turnover is £4.2 million. 
Ouzledale makes 2130 tonnes of casting per annum by melting the metal in two twin blast cupolas. 
The total amount of solid waste that was disposed of in 1996 is 1222 tonnes costing £8,483 in total and 
is split into the different types of waste in figure 1 (amounts) and in figure 2 (costs), see below. 
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Figure 1, Percentages of waste. 
( 1996, 1222 tonnes) 

Figure 2, Cost of waste disposal 
(1996, £8,483) 

42% (512 tonnes) of the total amount of waste per annum is chemically bonded sand. The Phenolic 
Ester binder that is used is the Novaset 735 (Resin), and Novaset AD2S (Acid Catalyst). 
The different waste streams are segregated into 4 different skips containing: 
1) chemically bonded sand, 2) furnace bed (greensand) & furnace slag, 3) dust, 4) general rubbish 

The Way Forward 

Reduce: the possibilities for sand use minimisation should be worked out for every day practice. 

Reclamation: Chemically bonded sand: 
By changing the existing Novaset sand system into a Furane sand system Ouzledale 
could have a 90:10 mix (90 % reclaimed sand and 10 % new sand) instead of the current 
70:30 mix, which means Ouzledale would need 340 tonnes less moulding sand per 
annum, saving approximately £9000 per annum. 
The consequences of changing of the system will be investigated further. 
The feasibility of secondary reclamation of chemically bonded sand is will be 
researched further. 

Beneficial Use: The possibilities for Beneficial Use of the following waste materials will be 
researched: 
Chemically bonded sand (512 tonnes in 1996), IfFuran => Cement Industy 
Furnace slag ( 1996: 440 tonnes/ Disposal cost= £4,350) => Road Construction 
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Executive summary of the Initial Waste Audit ofHeskdales 

Heskdales is a non-ferrous foundry with 10 employees and a turnover of £307,000 in 1996. 
Per year about 150 tonnes of aluminium, bronze and brass are cast by melting the metal in 2 electric 
furnaces and 5 oil fired furnaces. Heskdales is onwned by Ouzledale Foundry Co Ltd since 1978. 
The total amount of solid waste that is being disposed of from October 1996 until September 1997 is 
117 tonnes costing £795 in total and is split into the different types of waste in figure 3(amounts) 
and figure 4 ( cost), see below. 
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Figure 3, amount percentages of waste. 
(1996, 117 tonnes) 

Figure 4, cost of waste disposal 
(1996, £795) 

90 % (105 tonnes) of the total amount of waste is moulding sand. Heskdales uses three sand sysems 
(Greensand, CO2 and Furane). For the CO2 moulds "Superset 10" (Resin) and CO2-gas (Acid Catalyst) 
is used. For the Air set moulds "Superset 10" (Resin) and "Supercat P22" (Acid Catalyst) is used. 
Both the resin and acid are supplied by "Ashland Foundry Products" 
The CO2 moulds can only be used once, since Heskdales is not able to reclaim CO2-sand. 
The air-set mould (Furane sand) however can be reclaimed by Ouzledale foundry if Ouzledale changes 
to a furane sand system. The Furane sand is estimated to be 40 % (34 tonnes) of the chemically bonded 
sand. Heskdales segregates the sand from the rest of the waste materials 

The Way Forward 

Reduce: The possibilities for sand use minimisation can be worked out for every day practice. 

Reclamation: Chemically bonded sand: 
Changing the two different chemically bonded sand systems (CO2 and Furane) into only 
one Furane sand system will be further investigated. Because Ouzledale would not have 
to purchase the amount of sand that is used by Heskdales this could give a saving of : 
Purchasing cost (85 T.p.a. * £25.73 a tonne) £2,156 
Disposal cost (85 T.p.a. * £ 3 a tonne) £ 315 + 
Which gives a total saving of £2,471 
For this saving Ouzledale would have to change to a Furane sand system. 
Primary reclamation of chemically bonded sand at Ouzledale Foundry will be 
investigated. 

Beneficial Use: The possibilities for recycling of the following waste materials need further 
research: Chemically bonded sand (85 tonnes in 1996). 
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Executive summary of the Initial Waste Audit of P&H Castings 

P&H castings (P&H) has been established on a small industrial estate in Colne since October 1996. 
P&H is a foundry with 5 employees and a turnover of £200,000 in 1996. P&H is an aluminium jobbing 
foundry and casts 40 tonnes of aluminium per annum by melting the metal in 2 oil ( diesel) fired 
furnaces. 
The total amount of solid waste that is being disposed ofin 1996 is 122.5 tonnes split into 120 tonnes 
of sand (£1,440), ½ a tonne (£12) of general rubbish and 2 tonnes of dross. 
The 2 tonnes of dross are sold for £25 a tonne. Figure 2 shows the different types of waste amounts and 
figure 3 shows the cost of the waste, see below. 

Chemically 

bonded sand 

97% 

General 

Figure 2, Percentages of waste. 
(122 tonnes per annum) 

General 

rubbish 

Chemically 

bonded sand 

99% 

Figure 3, Cost of waste disposal 
(costing £1,452 per annum) 

P&H uses two different systems CO2 and Novaset. P&H segregates the waste sand from the rest of the 
different waste materials. P&H is evaluating the change from CO2 and Novaset to one Novaset or 
Furan system. If P&H would change to an Alkaline Phenolic (Novaset) system this could give 
problems (phenol leachate), because it might not be possible to use Alkaline Phenolic waste sand as 
cover material for the tip, for which P&H's sand is currently used. This could give an increase of 
disposal cost for the waste sand. If P&H would change to a Furan system this would increase the 
feasibility for Beneficial Use the sand in the cement industry. 
By storing the waste in open air the rainfall will increase the weight, which makes disposal more 
expensive then of dry sand. 

The Way Forward 

Reduce: The possibilities for sand use minimisation can be worked out for every day practice. 

Reclamation: The possibilities for primary reclamation whether on P&H's site or through a third party 
needs further research. 

Beneficial Use: The possibilities for recycling of the waste sand (120 tonnes) need further 
research. A change to Furan would increase the chance that the waste sand can be 
Beneficial Used in the cement industry. 
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Executive summary of the Initial Waste Audit of S.G. Castings 

S.G. Castings (S.G.) is a foundry with 21 employees and a turnover of £750,000 in 1996. 
S.G. makes approximately 680 tonnes of Spheriodal Graphite and Cast Iron castings per annum by 
melting the metal in 2 induction furnaces. The total amount of solid waste that is being disposed of in 
1996 is 1570 tonnes costing £7050 (1 % of turnover) in total and is split into the different types of 
waste in figure 2 (amounts) and figure 3 (cost), see below. 

Furnace s lag 

1% 
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2% 
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Figure 2, Percentages of waste. 
(1996, 1570 tonnes) 
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Figure 3, Cost of waste disposal 
( 1996, £7050) 

97% (1525 tonnes I costing £6862) of the total amount of waste is moulding + core sand. 
The Furan binder which is used for the chemically bonded sand moulds is called Permacol 859 (Resin) 
and Permacat 143 (Acid). The resin and acid are both supplied by Eurotek Foundry Products Ltd. 
The different types of wastes are not segregated at the moment. 
Future Developments: 
The tip which is used by S.G. Castings at the moment is predicted (by management) to close down in 
June 1998. This could mean that the landfill cost will increase to £30 a tonne (£4.5 now). 
If the landfill cost of S.G. Castings will increase to £30 a tonne, the disposal cost of 920 tonne per 
annum (S.G. produces 20 tonne a week since the change to one "furan" sand system) will be: 
Predicted landfill cost per annum after June 1998 (£30 a tonne) £27,600 
This is an increase of more than 500 % from the present. 

The Way Forward 
Reduce: the possibilities for sand use minimisation should be worked out for every day practice. 
Reclamation: Chemically bonded sand: 

In September 1997 S.G. decided to change from two different sand systems (CO2 and Furan) to 
one Furan sand system, because S.G. can not reclaim CO2-sand. Giving an estimated saving of 
£22,600 per annum. And a drop in virgin silica sand need of 900 tonnes. 
The savings made by this change will have to be monitored in the near future 
The feasibility of secondary reclamation of chemically bonded sand need further research. 

Beneficial Use: The possibilities for Beneficial Use of the chemically bonded waste sand that 
will still be produced with the new system (612 tonnes) will be further investigated. 
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Executive summary of the Initial Waste Audit of Keith Prosser 

Keith Prosser Castings is a small aluminium foundry. It employs four people and the turnover in 1996 
was £60,000. Keith Prosser is a jobbing foundry and casts 24 tonnes of aluminium per annum by 
melting the metal in 3 gas fired crucible furnaces . 

The total amount of solid waste that is being disposed of is 50 tonnes split into 48 tonnes of sand, 1.2 
tonnes of dross and 2 tonnes of general rubbish. 
The cost of waste disposal (1 % of turnover) are £672 (96 %) for the waste sand and £28 for general 
rubbish, the 1.2 tonnes of dross are sold for £ 100 a tonne. Figure 2 shows the different types of waste 
amounts and figure 3 shows the cost of the waste, see below. 
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Figure 2, Percentages of waste. 
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Keith Prosser uses two different systems CO2 and Novaset. Keith Prosser does not segregate the waste 
sand from the rest of the different waste materials. 
By storing the waste in open air the rainfall will increase the weight, which makes disposal more 
expensive then of dry sand. 
The waste resin and hardener drums (22) which use to give a big problem, are being collected by the 
supplier (Ashland Foundry Products). 

The Way Forward 

Reduce: the possibilities for sand use minimisation however small could be worked out for every 
day practice. 

Reclamation: The possibilities for primary reclamation through a third party needs further research. 

Beneficial Use: The possibilities for recycling of the waste sand (48 tonnes) as a raw material in 
another process (Cement/ Asphalt) will be further investigated. 

Appendix 4.8 



Appendix 4.9 Current legislative practice concerning the waste topic [20) 
WASTE 

1. All the foundries have waste taken to landfill, and carriers and landfill sites were licenced. Each 
foundry should check that the licence for the waste carrier and the landfill sit e are up-to-date. Ignorance 
that a site was unlicenced is not a defence and the foundry could be prosecuted for a breach of the Duty 
of Care for failing to discover such an issue. 

2. As discussed in the previous section, waste transfer/consignment notes should be filed and kept with 
other environmental information, not with the invoicing or at home!! There is a legal duty to keep transfer 
notes for controlled waste for at least two years, and consignment notes for special waste at least three 
years, so waste types and amounts can be traced in case of problems with the landfill operator. 

3. Most of those interviewed were aware or had heard of the Duty of Care requirements, though no
one could state exactly what the duty entails. This has been covered in some detail in the regulations 
section on waste. Anyone who deals with waste should be aware of the requirements. To improve 
knowledge of the Duty of Care, it would be useful for the checklist in the waste section to be reproduced 
in poster format (say A3 size minimum) to be kept on the wall inside the foundry, nearest the exit where 
waste is taken outside, and in the office. This will also be an indication to the enforcing authorities that 
efforts are being made with compliance, and they are more likely to be lenient in the event of a mistake. 

4. Special waste seems to cause problems for the foundries. At present they all say (except Lupton 
and Place) that none of their waste is classified as special. The new Special Waste Regulations mean that, 
amongst other things, waste classifed at irritant, harmful or toxic is special waste if disposed of above 
certain concentrations. The new definition means more waste will have become special. This means there 
is an increased need for knowledge by individuals and businesses. Waste produced will need to be looked 
at on a case-by-case basis to determine its status, using the Hazardous Waste List in the Regulations as a 
guide. This should entail each foundry carrying out a detailed audit of all its waste produced. A number 
of foundry products have these classifications, including Permaset - toxic; refractory cement - harmful; 
silicate - irritant; Novaset - corrosive; flux - toxic. Products which are toxic or very toxic are regulated in 
such small concentrations that even remains in a drum or bag would mean the empty vessels would be 
classed as special waste. Since a breach of such regulations is particularly serious, not least a breach of the 
Duty of Care and failure to complete consignment notes for the transfer, such a topic would be ideal for 
a presentation day explaining the new definition, and the consequences. 

The main consideration is that costs will increase for companies producing wastes classified as special 
(special waste is more expensive to dispose of). There will be an increased administration burden, mainly 
in data collection concerning the waste, and classification. This may involve staff training to raise 
awareness of the new regulations, and consequential requirements in handling, storage and movement. 
Since each consignment costs £15, it is cheaper to dispose of much larger quantities under one consignment 
note than lots of smaller ones, but there are implications for the storage of large quantities of special waste 
on site. Implications for small businesses stem from the fact that no de minimis level was set in the EC 
Hazardous Waste Directive, so there are non in the Special Waste Regulations. Therefore even very small 
quantities of waste, if they meet the criteria for special waste, are classified as such. 

NB small businesses should take note of the advantages of a 'carrier round'. This is defined as: 
'a j ourney made by a carrier during which he collects more than one consignment of special waste and 
transports all consignments collected to the same consignee who is specified in the consignment note' 

Carriers can, under a threshold of 400kgs, split the cost of the consignment note among various companies, 
providing the round takes place within 24 hours. 
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Appendix 7.1 Injection of foundry dust in to the cupola 

Injection of foundry dust in to the Cupola 
Results of a four-month trial with dust injection using an 
oxygen burner in the tuyere of a long-campaign cupola of 

Buderus Guss in Limburg Staffel, and the resulting 
consequences for the future operation of the foundry. 

Presentation at the Cupola work group of the VDG on 10.10.1996 in 
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Othmar Frielingsdorf, Hattingen 
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1. Introduction 

One year ago we had the opportunity to present our experience of injecting waste dust 
into a cupola in Hattingen. At that time we could report about a first trial at an 18 t/h 
long-campaign cupola at Buderus Guss in Staff el in 1993 . A longer term basic trial had 
only just begun. Today we present you the results and experience gained from that 
trial. 

2. General Overview 

Injection of solid particles, i.e. dust into the Cupola is not a new concept. Already in 
1831 an English patent 1 describes adding coal and additives to the blast furnace. Other 
materials such as silicon2, Fly-ash3, coal dust4 and sweepings5 have been added into 
the cupola. In most cases this was done by blowing in the material periodically, 
whereby the area blown into was cooled at higher blowing rates. 5;6;7;8 Another 
method proposes to pellitise the material and add it together with the charge. 

The objective in 1993 was to suppress the potential cooling effect at the cupola tuyere 
as described in literature3, by adding additional energy . To avoid cooling at the tuyere, 
heat is introduced together with the two cold substances: dust and transport air, so that 
the desired slagging takes place without influencing cupola operation or iron quality. 
The required heat could only be provided by an OxyFuel burner, because only the 
OxyFuel flame temperature is able to deliver significant amount of heat in the already 
very hot melting zone. The target was therefore to use the heat provided by the 
OxyFuel burner to fuse the dust into slag, thereby enabling continuous injection of 
large quantities of the dust. 

3. Description of the Trials 

3.1. TRIAL SET-UP 

A coal burner, developed by Air Products in 1986 was used, modified to suit the pur
pose. Three of the five tuyeres were installed with this burner type. The nominal ca
pacity of each burner was 60 m3/h natural gas and 120 m3/h oxygen. Because of the 
low natural gas pressure in Staffel, only 45 m3/h natural gas could be used. New tests 
are planned with upto 300 m3/h natural gas. Dust could be injected in at two tuyeres 
simultaneously, but for more than 50% of the trial period only one blower was 
available. The dust was injected with a Velco dust blower, whereby the dust was filled 
into the blower with a funnel from Big Bags and fed by gravity into the machine. The 
machine allows use of materials with a particle size of 5 millimetres. The burner cross 
section allows passage of this size of particles without any problems. The working 
principle of the Velco machine lies in a revolving wheel with holes or cells. The cells in 
the wheel are filled to a certain level during rotation with fluidised dust. At a second 
position the dust is blown by compressed air out of the cell into the lower lying exit 
port and onward into the transport line. The dust flow rate can be changed by changing 
the rotation speed of the cell-wheel or by replacing the cell wheel itself 
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The cupola dates from 1994 and has the fo llowing dimensions: 

melt rate 
diameter 
tuyeres 
operating mode 
blast temperature 
shaft feed 

10-14t/h 
1200 mm 

5 
3 shift 

570 °C 

Air Products Dust Injection System 

spark 
arrester 

charge 
hopper 

long campaign 
cupola 

well __ _ 

3.2. TRIAL DESCRIPTION 

bellows coarse separator 

controls 

fig. 1 Lay-out of the trial equipment 

wet dust 
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The trials ran between the beginning of October 1995 to the end of January 1996. To 
make sure many different operating circumstances were tested an extensive trial plan 
was made. This trial program was adhered to more or less exactly during the trial pe
riod. In order to evaluate the different cupola and operating conditions it was neces
sary to measure a large amount of baseline data under normal operating and produc
tion conditions. The following data was recorded and used for later evaluation: 

Date/time 
Iron analysis 
Iron temperature 
Melt rate 
Hot blast temperature 
Hot blast quantity 
Flue gas temperature 
Exhaust composition (CO; CO2; Hi; 0 2 ) 

Dust composition 
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Dust injection rate 
Slag quantify and analysis 
Charge (weight, Lime, Coke, Silicon, Manganese, Steel, scrap, pig iron) 
Cooling water quantity and temperature 
Lifetime of refractory 
Operating problems 

Flow rate [Nm3/h] 

12500 

11500 

10500 

9500 

8500 

7500 

6500 

5500 

Hot blast and flue gas volumes 

~ ro m O ~ N M v ~ m ~ W m O ~ N M O ~ N M v 
0 0 0 ~ ~ ~ ~ ~ ~ ~ ~ N N N N O O O O 0 

Time 

fig 2: exhaust and hot blast quantities 

The data used for evaluation was collected by hand, using control equipment present at 
Buderus, and by a so called datalogger. The datalogger recorded a complete dataset 
every half-hour . At the beginning of the trials eight hours of data was stored for each 
day, later this was expanded to 24 hours. Fig 2 shows an example of the recording for 
the exhaust and hot blast quantities. Together more than 5 MB data were recorded and 
evaluated during the trials. 

The trial started two weeks after the cupola had been relined, so it was operating under 
stable conditions. The cupola was not relined during the trials. The baseline situation 
was recorded, which was repeated regularly to record the changes due to refractory 
wear. The trials were usually conducted using two different firing rates: 60 m3/h natu
ral gas with 120 m3/hr oxygen, or 120 m3/hr natural gas and correspondingly 240 
m3/hr oxygen, divided over three oxygen burners, distributed around the cupola. See 
fig 3. 
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OxyFuel 
Burner 

OxyFuel 
Burner 

OxyFuel 
Burner 

fig 3. distribution of burners around the cupola. 

4. Trial results 

Almost all planned test could be carried out. In general, all materials could be injected 
with success. The influence on the most important process parameters is as follows: 

4.1 DUST 

The following types of dust were injected: 

fly ash 
sand from sand preparation 
fettling sand 
industrial sweepings 
coke breeze 
Ferro - silicon dust 

The goal was to determine the maximum injection rate for each type of dust. It was 
soon apparent, that the maximum for some types of dust could not be reached, while 
with others the maximum was reached very soon. Fig 4 shows a comparison of the 
quantity of dust injected vs., the amount of dust produced in the foundry . 

With fly ash and finishing sand the limiting factor was the capacity of the blower and 
the maximum limit was not reached. With mould sand and industrial sweepings the 
maximum was reached because the quality of iron (GG 25) and slag did not allow a 
further increase. In no case was a cooling of the area in front of the tuyere the limiting 
factor. The part of the cupola directly in front of the tuyere was always bright and 
clear, even at high injection rates. 
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fig 4 Comparison of injection rates of different materials 

The trials with fly ash, mould sand and finishing sand were carried out with two blow
ers, while the trials with industrial sweepings and mix were with only one. For the mix 
the maximum rate was not achieved, and this was not a goal. An extrapolation shows 
the maximum injection rate is expected at 66,1 kg/t Fe for mixed dust. 

The maximum injection rates recorded were: 

Fly ash 
Mould sand 
Finishing sand 
Industrial sweepings 

800 kg/h 
680 kg/h 

1600 kg/hr 
420 kg/hr 

The average specific consumption for the different types of dust was: 

Fly ash 

Mould sand 

Finishing Sand 

Sweepings 

Nat gas 0.087 m3/k:g 
oxygen 0.244 m3fk:g 
comp. air 0.212 m3/kg 

Nat gas 0.088 m3/kg 
oxygen 0.176 m3/kg 
comp. air 0.206 m3/kg 

Nat gas 0.114 m3/kg 
oxygen 0.214 m3/kg 
comp. air 0.218 m3/k:g 

Nat gas 0.114 m3/kg 
oxygen 0.229 m3/kg 
comp. air 0.340 m3/kg 
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These specific consumption's represent the settings during the trials well . These 
numbers will allow other cupola operators to estimate consumption and costs. 

A permanent blower system must be able to blow a homogeneous mixture of all types 
of waste found in a foundry continuously. The machine must then be adjusted exactly 
to the characteristics of the dust mixture. 

4.2 ENERGY 

Extensive mass and energy balances were made from all the data recorded. As 
examples, figures 5, 6 and 7 show the energy balance. Fig. 5 shows the baseline 
situation, Fig. 6 the energy balance with 9,4 kg/min fly ash with approx. 20% carbon 
and fig 7 the energy balance when the burners are used only as energy supplement, 
firing at 70 m3/hr. The energy balances are based on data from the cupola supplier9. 

Flue gas 
45.2% 

4094 MJ ( =100%) 

Coke 
83.8% 

Other 
4.3% 

Si-burn off 
2 .2% 

Coke 
68.5% 

Other 
0.9% 

at. Gas 
6.1% 

lyash 
10.4% 

Hot blast 
11.9% 

fig 5. Energy balance in the cupola 
baseline 

fig 6. Energy balance with fly-ash 

Si-burn off 
2.2% 

Other 
4.1% 

fig 7. Energy balance with burners firing 
supplemental energy 

Page 6 



The energy balance in figure 6, with fly-ash injection of 9.4 kg/min also shows the 
importance of fly-ash as an energy source. The energy content of fly ash, which is lost 
with disposal, represents 10% of the energy turnover. 

4.3 FLUE GASES 

Because the energy supplied by the burner can change the flue gas composition signifi
cantly, the measurement of exhaust gas components was considered important. 

4.3.1 Hydrogen content 

The hydrogen content of the exhaust did not change, even at the high firing rate of 120 
m3/hr natural gas. Fig 8 shows measured exhaust gas concentrations compared with 
the calculated values if the natural gas had dissociated. 

H2 in flue [vol- %] 

4,00 

3,50 

3 ,00 

2,50 

2,00 

1,50 

1,00 

0,50 

0 

Calculated and measured H2 content in flue gas 

■ 

■ 

calculated ■ 

■ 

■ 

■ 

• measured • • • • ■ 

0,00+------+----- ---,,----------t------+- -----+---- --t 

0 20 40 60 80 100 120 
Nat Gas [Nm3/h] 

fig 8. Hydrogen content of exhaust gas 

The measured concentrations conform to normal operating circumstances. Because the 
hydrogen content of the exhaust remains unchanged, we can assume that the natural 
gas fed to the burner is burnt completely in the cupola. 

4.3.2. Carbon monoxide content 

The carbon monoxide emission was somewhat higher for some tests than the baseline 
situation. It was difficult to find test situations that allowed a direct comparison, be
cause CO-emissions also rise with higher melt rates. Fig 9 shows the CO development 
of recorded baseline data and with burners, whereby the burners were usually fired 
stochiometrically, but sometimes over-stochiometric. The values on the Y-axis 
represent the baseline case; values larger than 2 are over stochiometric. 
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fig 9. CO-content of exhaust gas 

4.3.3. Flue temperature 

3 3,5 4 

A small change in exhaust temperature could be observed when the burners were used. 
This was the case both when dust was injected as when burners were fired supplemen
tary. 

4.4 GENERAL QUALITY ISSUES 

4. 4.1 Silicon burn-off 

The trial results show that it is very important how the burner is operated. In general, 
silicon consumption was slightly higher when dust was injected. This was partly due to 
fixed firing rates set in the trial programme. The burners were fired stochiometrically, 
or for many tests even oxidising, whereby the firing rate was held constant to enable 
comparisons. Injection tests made after the trial period with cheaper FeSi dust and a 
reducing flame show that bum-off rates are normal or even low. As compared with 
silicon briquettes, a burn-off rate of 10% is achievable. Fig 11 shows the average 
silicon consumption in October and November compared with baseline data in function 
of hot blast quantity. 
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Overview October~ November 
Si use 

[kg Si /t Fe) 
20,00 

19,00 

18,00 

17,00 -
16,00 ■ -

T--■ 

15,00 

14,00 

13,00 

12,00 

11 ,00 

10,00 

6200,00 6400,00 6500,00 6600,00 6800,00 7000,00 7100,00 7500,00 8000,00 8500,00 

Hot Blast rate [Nm'/h] 

■ V 1.1 Baseline 9.10.95 ■ V 1.2 Baseline ■ V 1.3 Baseline ■ V 2.1 Burner wrthout 
10.10.95 11.10.95 Dust Gas/O2 70/80 

■ V 2.2.2 Burnerwrthout ■ V 2.3 Burner (L-1 5) ■ V 3.1 Burner (L-1 5) with ■ V 3.1.2 Burner (L-15) 
Dust; Gas/O2 without dust; Gas/O2 Fly ash 0,8 Mg/h with Fly ash 0,55 Mg/h 
120/240 70/180 Gas/O2 70/195 Gas/O2 70/200 

■ V 3.5 Burner with ■ V 3.5 Baseline ■ V 3.6 Burner with D V 4.3 Burner wrth 
Fly ash 0,66 Mg/h 25.11.95 Fly ash 0,91 Mg/h Dust h; 1, 1 Mg/h 
Gas/O2 90/180 Gas/O2 120/240 Gas/O2 90/1 80 

D V 4.4 Burner with ~ V 5.1 Baseline 7.11 ■ V 6. 1 Burner with ■ V 6.2.2 Burner wrth 
Dust 1, 1 Mg/h Gas/O2 Sand 0,68 Mg/h Gas/02 Sand 0,68 Mg/h Gas/02 
125/270 90/180 60/120 

fig 10. Silicon consumption for different dust types. 

The bum-off rates in fig 10 are similar for mould sand, sweepings and mixed dust, 
which were injected mainly in December and January. 

4.4.2 Slag quality 

The slag quality did not change with the burner firing without dust injection, as could 
be measured by the test equipment available in Limburg. This means that even when 
the burner was firing at maximum, no significant change could be determined in the 
slag. With injection of dust, changes were observed as expected. The severest changes 
occurred with mould sand and with sweepings. The change in slag quality was usually 
the limiting factor for the injection quantity of these dusts. Fig. 11 show_s the slag 
basicity for different types of injected dust. The green area in the baseline column 
shows the variation of values measured. 
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Slag basicity 

0,9 
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0,7 
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0,5 
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0,2 

0,1 

0 

Slag basicity 

Baseline Burner witthout dust Fly ash Finishing Sand Mould Sand 

jig 11. Basicity of different dust types 

4.4. 3 Coke rate 

As expected, the coke rate could be lowered when only firing the burners. A similar 
trend was observed with fly-ash and finishing sand, while mould sand and sweepings 
required slightly higher coke rates. Fig 12 shows the different coke rates in October 
and November. 

Overview October~ November 

coke rate [%) 

15,00 

14,00 

13,00 
I 

12,00 •• 
11• 

11 ,00 I■ 
I I I 10,00 I I I 

6000,00 6200,00 6400,00 6500,00 6600,00 6800,00 7000,00 7100,00 7500,00 8000,00 8500,00 

Hot Blast [Nm"/h} 

■ V 1.1 Base line 9.10.95 ■ V 1.2 Baseline ■ V 1.3 Baseline ■ V2.1 Burner without 
10.10.95 11 .10.95 Dust Gas/O2 70/80 

■ V 2.2.2 Burner without ■ V 2.3 Burner (L-15) ■ V 3.1 Burner (L-15) with ■ V 3.1.2 Burner (L-15) 
Dust; Gas/O2 without dust; Gas/O2 Fly ash 0,8 Mg/h with Fly ash 0,55 Mg/h 
120/240 70/180 Gas/02 70/195 Gas/O2 70/200 

■ V 3.5 Burner with ■ V 3.5 Baseline ■ V 3.6 Burner with D V 4.3 Burner with 
Fly ash 0,66 Mg/h 25.11 .95 Fly ash 0,91 Mg/h Dust h; 1,1 Mg/h 
Gas/O2 90/180 Gas/O2 120/240 Gas/O2 90/180 

D V 4.4 Burner with El V 5.1 Baseline 7.11 ■ V 6.1 Burner with ■ V 6.2.2 Burner with 
Dust 1 , 1 Mg/h Gas/O2 Sand 0,68 Mg/h Gas/02 Sand 0,68 Mg/h Gas/02 
125/270 90/180 60/120 

fig 12. Coke rate in October and November 
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4. 4. 4 Refractory wear 

During the four month trial period no increase in refractory wear was observed. The 
lifetime of the refractory during the trials was 26 weeks in 3-shi:ft operation, is spite of 
variations to sometimes extreme blast rates. 

4.4.5 Melt rate 

The melt rate could be increased significantly by using the OxyFuel burner. The limits 
were not reached by far because of the limited natural gas pressure available. Further 
trials are planned to be able to evaluate the possibility of increasing melt rates further. 
The melt rate could be increased even when dust was injected . Fig 13 shows the melt 
rate for tests with differing hot blast quantities and different dust injection rates. The 
top curve represents the situation where the burner is only providing energy. In this 
case the burner fired with 90 m3/hr Natural gas and 180 m3/hr oxygen. 

From this measurement it can be roughly calculated that with approx. 25 m3 natural 
gas and 50 m3 oxygen one ton additional iron can melted. This result is very rough and 
needs further research, which is planned at several sites. 

Charge rate (t/h) 
14 

13 

12 

11 

10 

9 

8 

7 

Charge vs. Hot blast rates 

Burner without dust 

6 +---------------- ----- - - --- --- - -----j 

6500 
Hot Blast flow rate Nm3/h 

fig 13. M elt rate in October and November 

5. Economic evaluation 

To evaluate the costs, the following cost elements from Buderus were used: 

Relining costs 
Coke costs 
Steel scrap 
Recycled scrap 
Electric Power 
Compressed air 
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Natural Gas 
Oxygen 
FeSi Briquettes 
FeSi dust 
Blower costs 
Burner costs 

The following landfill costs are assumed: 

[OM / t Fe] 

50 

45 

40 

35 

30 

25 

20 

15 

10 

5 

0 

Fly ash 
Mould sand 
Finishing Sand 
Sweepings 

50DM 

300.00 DM/t 
150.00 DM/t 
150.00 DM/t 
1000.00 DM/t 

Cost Savings 

Sweepings 
Coke breeze, FeMn, Mixed Dust 

FeSi, mixed 

15 DM 

10DM 

Fly ash FeSi 

fig 14. Cost savings for different types of dust injected 

2 OM 

Mould/ finishing sand, 

The costs shown in fig 14 show the savings achieved when continuous injection takes 
place during production. An additional and more significant cost advantage was 
achieved in later tests. In these tests FeSi briquettes were replaced with injected FeSi 
dust. 

The yearly savings are calculated as: 

Fly ash 
Mould Sand 
Finishing Sand 
Sweepings ca. 
FeSi replacement 

ca. 100,000.00 DM 
50,000.00 DM 
50,000.00 DM 

300,000.00 DM 
ca. 500,000.00 DM 

The total yearly savings is approx. 1.000.000,00 DM 

With the above savings, only natural gas and oxygen costs have been used. Rental or 
depreciation costs for equipment need to be subtracted. 
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6. Future developments 

As already mentioned, the possibilities for melt rate increase need to be researched 
further. The trials described here did not allow maximum capacity to be reached be
cause the additional iron was not required. In the trials 35% increase was achieved 
easily without reaching the maximum firing rate of the available burner system. It is 
possible that improved performance of the burner will give large production increases. 
To analyse this further, new trials are planned shortly, aimed at production increases by 
60% and more. 

An interesting point is the substitution of FeSi briquettes by injecting FeSi dust, 
thereby avoiding the binders used in the briquettes. For a foundry such as Staff el, this 
represents than 2000 tonnes/year or 10 t/day of unnecessary slag. This quantity could 
be replaced by more valuable substances. 

Another area tested is substitution of coke with carbon dust. Here potentially 
significant cost savings could yet be found . In addition, the flexibility of the melting 
operation would be improved. 

Another possibility is that dust from other sources is injected in the Cupola (recycling 
valuable elements), which would otherwise have to be disposed of at great costs. The 
trials have shown that there is sufficient spare capacity. Possibly this recycling will 
prove to be a valuable source of raw material for foundries. 

Finally, it should be noted, that the operation can also run in daily changing 
circumstances. This summer a trial was performed in a short campaign hot blast 
cupola, which does not have long life refractory or water cooled tuyeres. There are 
some changes because there is not a well defined and constant tuyere condition, but 
the results are similar and in some cases even better. Surprising for us was that an 
increased burn-off of refractory near the tuyere did not occur. The trail period was too 
short for a definite conclusion about tuyere wear, but a positive impression was gained. 
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Appendix 8.1 

P&H Castings 

Proposal for a "green" PENDLE investment grant 

March 1998 

Jeff Pedder 
Prim et Foundry 
Greenfield Road 
Colne, Lancashire 
BB98QF 
01282 - 871449 (Tel) 
01282 - 859199 (Fax) 

Proposal for a green investment grant 1 



Financing the Sand Reclamation project 

Chemically bonded sand 
P&H does not use primary reclamation for the chemically bonded sand. 
Primary reclamation includes the following steps, sieving the sand to control grain size, fines removal 
and cooling the sand prior to blending with new sand. 

The following cost comparison uses the following information: 
Disposal costs of£ 12 a tonne. 
Purchasing costs of £23 a tonne of silica sand. 
Purchase of 25 tonnes of silica sand a month, which is 300 tonnes per annum 
If the reclamation unit is installed a 50% reclamation ratio would be the worst case which could be 
achieved (50% reclamation ratio means that 50% is recycled by using the reclamation unit). 
This 50% reclamation would give a drop in silica sand need of 150 tonnes per annum (purchase), 
this would also give a drop in landfill of 150 tonnes per annum. 

Capital cost of reclamation equipment 26,000 
Annual cost savings 
(reclaimed sand 150 out of 300 tonnes used annually) 
Reduced need for virgin sand @£23/tonne 
Reduction in disposal of used sand@ £12/tonne 
Total annual cost savings 

3,450 
1,800 
5,250 

Annual cost increases 
Increased equipment operating costs (£1.25 a tonne /150 tonne per annum) 188 
Total annual cost increase 188 
Net annual cost savings 
Pay back period (Time by which all finance costs will be recouped by savings) 

- Funded by a 45%-PENDLE-Grant £11,700 and £14,300 company capital 

- Funded by £26,000 company capital 

5,062 

2.8 years 

5.1 years 

Without the Grant the pay back period would be 5.1 years which would not be an acceptable return on 
investment for P&H. 

(1] The capital cost of the reclamation unit: 
• Second-hand reclamation unit: 
• Removal and installation: 
• Preparation cost: 
• "New" second-hand sand mixer: 
• New sand hopper: 
• Process development: 
Total capital cost of reclamation equipment 

£13,000 
£7,000 
£1,500 
£2,000 
£1,000 
£1,500 + 
£26,000 

Proposal for a green investment grant 2 



Environmental Bene/its 
In addition to the considerable financial benefits of using reclaimed sand in its operations, the project 
will achieve several environmental benefits at P&H: 

• Resource preservation 
The requirement for new sand will be reduced, decreasing the environmental burden of sand 
extraction. 

• Reduction in waste to landfill 
The use of reclaimed sand reduces the proportion of sand disposed of to landfill; this disposal will 
be cut by some 150 tonnes each year. 

• Reduction in chemical use 
Monitoring sand quality ensures that minimum resin and hardener additions can be made. 

• Beneficial Use of sand 
The change to a Furan-sand system which reclaims the sand increases the feasibility of Beneficial 
Use. (Beneficial Use means using spent materials outside the generating facility. The spent sand 
could be shipped by the foundry to a third party where it will be incorporated as a raw material in 
their manufacturing process). 
This could mean that the disposal of waste sand can be completely changed from 300 tonnes going 
to landfill into 150 tonnes less through sand reclamation and 150 tonnes less through beneficial use 
of the sand. This would give zero landfill of waste sand. 

Other Benefits 
By changing to the new Furan system P&H will be able to expand their product portfolio. 
Because the Furan sand system can give stronger moulds P7H's product range can be expand to bigger 
castings, which have a higher price per product. 

Conclusion 
Sand reclamation would increase competitiveness of P&H and therefore improve the potential to 
maintain or increase the employment. 
This grant would give social, economic and environmental benefits. 

Proposal for a green investment grant 3 



5 .1 Typical Physical Properties 

Mesh Size 1000 710 500 355 250 180 150 125 90 63 -63 AFS pH LOI 

Greensand 1. 0.1 0.4 1.8 5.6 25.1 26.7 18.0 15 .6 6.0 0.3 0.4 67 9.72 5.15 

Greens and 2. 0.1 0.4 3.7 13.0 43 .0 31.9 5.9 1.5 0.6 0 0 50 7.03 1.49 

Alkaline 0.4 2.5 5.9 15.5 38.4 26.7 46 .0 2.2 2.9 0.4 0.3 50 10.3 1.18 
Phenolic 

Furane 0.1 0.6 2.6 12 .7 49 .0 30.3 3.0 1.0 0.5 0.1 0.1 49 3.8 2.13 

Shell 0.1 0. 2 0.8 1.7 4.5 11.4 19.0 25 .7 31.7 4.3 0.5 95 4.52 1.97 

5.2 Typical Chemical Properties 

FeiO3 Mn3O4 Cr2O3 TiO2 BaO CaO K2O P2O5 SiO2 Al2O3 ZrO2 Na2O MgO Phenol 
mg/kg 

Greensand 1 . 1.45 <0.01 <0.01 0.08 0.03 0.20 1.07 0.02 91 .77 2.93 0.02 0.32 0.29 30 

Greens and 2. 1.31 0.01 0.01 0.05 0.02 0.07 0.70 0.01 94.04 1.57 0.01 0.15 0.12 <2 

Alkaline 0.65 0.02 0.01 0.05 0.01 0.01 0.63 NIA 95.85 1.25 0.04 0.20 0.17 <5 
Phenolic 

Furane 0.33 0.01 0.34 0 .02 0.01 0.03 0.62 0.01 96.54 1.38 0.07 0.06 0.09 <5 

Shell 0.37 <0.01 <0.01 0.13 0.02 0.03 0.51 NIA 97.08 0.95 0.02 <0.05 <0.03 <2 

Monohydric phenols (mg/kg) determination by Severn Trent Laboratories . 

Foundry By-Products Conference November 1997 Appendix 9.1 Paper 8:6 . 



Processes which use silica 

1. Lightweight Aggregates 
2. Clay Bricks 
3. Extruded Bricks 
4. Cement Pipes 
5. Paving Blocks 
6. Construction 

7. Pipe Laying 
8. Asphalt 
9. Flowable Fill 
10. Smelters - Flux 
11. Adhesives - Filler 
12. Bitumen - Filler 
13 . Horticultural 

14. Rockwool 

Backfill 
Ground Levelling 
Road Bed Infill 

Top Dressing 
Rootzone 
Soil Drainage Enhancement 

15 . Polymer Cementiceous Products 
16. Landfill Cover Material 
1 7. Tip Lining Protection 
18. Cement Production 
19. Roofing Tiles (cement) 
20. Calcium Silicate 
21 . Sodium Silicate 
22. Aerated Concrete Blocks 

Source: Hepworth Minerth & Chemical Ltd, Experiences in the Use of "Processed" 
Foundry Sand. Mr Chris May (20]. 
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