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DEPARTMENT OF MECHANICAL & MANUFACTURING ENGINEERING

MODULAR HONOURS DEGREE COURSE

LEVEL 3

1997/98

MATERIALS CONSERVATION


Examiner: Dr M Philip/Dr M Harder

Attempt FOUR questions only.
Time allowed: 3 hours.

All questions carry equal marks.
Number of questions = 6

The figures in the right hand margin indicate the relative weighting of parts of a question.

The student is allowed to take into the examination all notes and assignments generated during the module.

The following are supplied :

Data sheet,   Fig 1 Energy Requirement for feedstock material

                    Fig 2 Total Energy consumption for l litre capacity container.
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1.
Discuss the feasibility, benefits and limitations of recycling steels 


and aluminium. Your essay should make comparisons between 


the materials and consider energy requirements from extraction to


 
disposal, ease of collection, sorting and manufacture into products.   









          






(25)  

2.
(a)
The manager of the local supermarket is considering allowing



 customers to return some items of packaging, including containers



     to encourage them to become regular customers. You are asked 



     to carry out a feasibility study to determine the appropriate type 



     of containers and the overall benefit or otherwise to the supermarket 


     of such an action. Discuss the factors that would need to be considered


  and the data you would need to obtain in order to carry out the feasibility study.       











(13)


(b)
Milk may be purchased in a variety of containers. Using the information


    on the data sheet provided, discuss the advantages and disadvantages 


     of the different materials used from the manufacturer’s point of view.



          









(12)
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3.
(a)
Polyethylenes and polypropylenes make up the greatest quantity of plastic 

         materials in products. Discuss the issues that determine the effectiveness 


       of any collection and sorting operation for these materials.







          







(10)


(b)
A manufacturer of garden furniture is considering using recycled polyethylenes

        in the products. What are the factors that determine whether products from


      the recycled materials are satisfactory.

















(9)


(c)
In the collection process, a small quantity of the more expensive polycarbonate

     is also acquired regularly. Although the potential profit margin on recycling this 
        material is much greater, there is resistance to recycling. Explain why this may be   

   the case.          










(6)


Data:



Minimum cost
Minimum cost of 


Material
of virgin material
recovery from waste



(£/tonne)
(£/tonne)


Polyethylenes
450
200


Polypropylenes
450
200


Polycarbonate
2000
250

4.
The United Kingdom Government White Paper, “Making Waste Work (1995)” has set a target for 80 % of households to be within easy reach of recycling facilities by 2005.


(a)
Is this target realistic and why? 







(6)


(b)
What are the difficulties faced by Local Authorities in 



achieving this target?









(7)


(c)
A Landfill Tax was also introduced in 1996. Discuss whether 



the difference in tax levels for active and inert wastes is sufficient to 


        achieve effective use of recycling facilities.            





(12)
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5.
Plastics materials may be reduced to their basic constituents either by pyrolysis or by chemical treatment. Alternatively, they may be incinerated and the energy component of the material may be extracted for generation of electricity.


Discuss the advantages and limitations of energy generation by incineration when 

       compared to the other processes from a recycling point of view. In your discussion, 
         consider factors such as the economics of the processes, the need for electrical 

            energy and the long-term viability of the materials.



         


(25)

6.
(a)
The energy useage at different stages of the float glass process 



is shown in the Sankey diagram, figure Q6.






(9)


Determine,



(i)    the proportion of energy available for reuse at 



        the input;


       
   (ii)   the proportions of energy removed by air and by 



            water.


(b)
The energy requirements for converting materials into 0.34 litre glass bottles is given below:



Energy requirement



(MJ / container)


Non-returnable glass
4.2


Returnable (1 trip only)
6.1


Returnable (3 trips)
2.9


Returnable (8 trips)
1.5


Returnable (19 trips)
1.1

         


(16)



Energy requirement for raw material production = 20.3 MJ / kg



Energy requirement for converting to containers =   4.4 MJ / kg



Comparing the non-returnable glass bottle with the returnable glass bottle, discuss the benefits and limitations of each when compared with the cost of production of glass containers.

DATA SHEET

Fig 1  Energy requirement for feedstock material 

	Materials
	Density
	
	Energy requirements

	
	(kg/m3)
	Feedstock (GJ/tonne)
	Conversion (GJ/tonne)
	TOTAL (GJ/tonne)
	By Volume    (GJ/m3)

	Aluminium
	2700
	
	246
	246
	660

	Steel billet
	7800
	
	44
	44
	340

	Tinplate
	7800
	
	55
	55
	430

	Copper billet
	8900
	
	53
	53
	460

	Bottle glass
	2400
	
	20
	20
	50

	Paper & board
	800
	
	62
	62
	50

	Cellulose film
	1450
	
	194
	194
	290

	PVC
	1380
	24
	62
	86
	120

	Polystyrene
	1070
	57
	83
	140
	150

	LDPE
	920
	49
	50
	99
	90

	HDPE
	960
	50
	53
	103
	100

	Polypropylene
	900
	52
	61
	113
	100

	Bricks
	
	
	
	4
	

	Refractories
	
	
	
	2 - 200
	

	Glass
	
	
	
	24
	

	Pottery
	
	
	
	10 - 250
	

	Cement
	
	
	
	13
	


(All figures are subject to variability and are dependent on method of calculation, material grades and environment.)
Fig 2   Total Energy Consumption for 1 litre capacity container:

	Material
	Mass (kg)
	Energy for manufacture of container   ( MJ / kg)
	Energy equivalent of raw materials (MJ / container)
	Energy recoverable by incineration  (MJ / container)

	HDPE (milk)
	 0.030 
	1.22
	1.43
	1.36

	PVC (milk)
	0.050 
	3.63
	1.17
	0.88

	PE coated paper (milk)
	0.030 
	1.58
	0.75
	0.70

	Tinplate
	0.13
	9.11
	--
	--

	Tinplate with 30% scrap
	0.13
	6.91
	--
	--

	Aluminium-ended tinplate
	0.12
	10.47
	--
	--

	Al-ended tinplate with 30% scrap
	0.12
	8.05
	--
	--

	One trip carbonated glass
	0.515 
	8.47
	--
	--
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P16 o6 Typical float glass production Sankey diagram
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