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From the past to the future – tires are 
essential…
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And for electric vehicles… time for end of 
life of tires

Global demand for car and 
light commercial vehicle 
tires is about 1,63 billion 
units. 
In the European Union, 
more than 3.93 million 
tons of waste tires are 
produced annually.
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Reverse supply chain of waste tires

So, how can we 
handle with this 
large amount of 
waste tires?

By the efficient 
reverse supply 
chain!
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Primary sources of end of life tires

Primary collection 
points of end of life 
tires (ELT)
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Destination of end of life tires

Finally, they are 
processed or in 
the worst case, 
landfilled
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Loading and transportation

But what about 
loading and 
transportation of 
waste tires?

Oh, I would forget…
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Loading and transportation of end of 
life tires

We can do that!
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Reverse supply chain of waste tires

Now, it makes 
sense!
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Scenarios for ELT collection

A0
BC
BB
B1→2
C0
C1→2

We can collect 
ELT using these 
scenarios:
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Tire preprocessing methods

What does it mean 
loosely packing and 
preprocessing? Loosely 

packingCuttingBalingPacking
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And we get the 
results!
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Sample 1
PEOPLE  •  PROCESS  •  
TOOLS  •  EXPERIENCE

Method of loading of 
ELT

Method of 
preprocessing ELT

Payload mass

Average number of 
ELT

Volume of payload
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Methods of loading and payload volume 
of a truck 

 Method of 
loading or 

preprocessing 
ELT

Payload 
capacity for
truck and 

trailer [m3]

Payloa
d mass 

[t]

Average number 
of ELT

Full load 
(truck and 

trailer)

Volume of 
payload ratio 
and potential 

increase of ELT 
[%]

loosely 68 9.1 1150-1250 100%
cutting 68 11.9 1550-1650 135%
baling 68 16.6 2100-2200 180%

packing 
(doubling)

68 15.9 2070-2170 170%
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Collection of ELT in Poland 

And for the case 
study of ELT 
collections in 
Poland…
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Case study – ELT collections in 
Poland
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Cost of the ELT collection and 
transportation

As the manager 
of ELT collection 
company 
I would like to 
know the costs.

We can simplify it 
as:
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Input parameters and results of 
costs

Results

Total costs 
[€]

Man-hours – 
transportation 

[h]

Man-hours other 
staf
[h]

Total man-hours 
(MH)
[h]

A0         
5084 176 49.5 225.5
BC         
5031 176 204 380
BB         
4603 162 195 357
B1→2   
4800 162 159 321
C0          
4526 110 22 132
C1→2    
3471 78 120 198

Each scenario is for the reference value 100 tons of ELT

Input parameters

Scenario*

Payload Mass
[tons]

Number of 
routes

Vehicles’ distance for one 
route
[km]

A0 9.1 11 900
BC 11.9 8 1138
BB 16.6 6 1360
B1→2 15.9 6 1360
C0 9.1 11 667
C1→2 15.9 6 718
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Vehicles’ exhaust emissions

And what about 
vehicles’ exhaust 
emissions?
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Vehicles’ exhaust emissions for 
scenarios
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How can I find the 
best solution or the 
best scenario for the 
ELT collection?
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You can use a 
combined 
method of AHP 
and 
PROMETHEE

PROMETHEE (Preference Ranking 
Organization METHod for Enrichment 
of Evaluations)
  The procedure starts from creation of a 
matrix containing values of each decision 
variable. A weight is assigned to each 
criterion and expresses the relative 
importance of criteria. Then, for each 
criterion, for each pair of entities, a 
diference between the values of 
appropriate decision variables is 
calculated. 

AHP (analytic hierarchy process) 
method in the family of subjective 
approaches. It allows for applying many 
criteria, which can be split into groups. 
Groups of criteria can form a multilevel tree, 
which decomposes the decision problem. 
The assessed entities compete at the leaf 
level of the tree – just a single feature is 
evaluated at the same time. The evaluation 
procedure involves a pairwise subjective 
comparison of entities.
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EI TC MH

CO2 NOx PM

rating

Qualitative description of the relation of A entity to 
B entity

Value

A is the same as B 1
A is slightly preferred 3
A is strongly preferred 5
A is very strongly preferred 7
A is extremely preferred 9

Criteria form a bi-level tree 
and AHP algorithm

Environmental impact (EI);
Total costs (TC); Man-hours (MH)

23



Piotr Nowakowski

Criteria for highly developed society (HDEV)
A B Assessment Value Justification  

EI TC A is the same as 
B

1 Managers are aware of the issue of environment 
protection

 

EI MH A is slightly 
preferred 2 A little more of additional man-hours is 

acceptable for efective environment protection  

MH TC
A is the same as 
B 1

Managers often prefer limiting the contribution of 
human labor, but man-hours are simply a cost  

Criteria for developing society (DEVC)
A B Assessment Value Justification

EI TC B is preferred 1/5 Despite the environmental awareness managers are 
under the pressure of financial results

EI MH B is slightly 
preferred 1/3

Other criteria except costs seem to be less 
important; however, they are satisfied if possible. 
Additionally, human labor is a cost, thus it is a bit 
more important

MH TC
B is slightly 
preferred 1/3

Man-hours aresimply a cost, but whenever it is 
possible the costs are decreased, even causing an 
increase in workload

Assessment for the upper level
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Assessment for the lower level (only EI)

A B Assessment
Valu

e
Justification

PM CO2

A is slightly 
preferred

3
Although the awareness of greenhouse efect is 
recently common, the short term impact of smog 
generating components seems to be more 
important to the human health

NOx CO2

A is slightly 
preferred

3

NOx PM
A is the same as 

B
1 Both smog components have the harmful impact

Variant

HDEV DEVC

CO2 0.058 0.014

NOx 0.176 0.043

PM 0.176 0.043

TC 0.330 0.640

MH 0.260 0.260

Absolute weights of considered factors for both variants
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HDEV
binary function linear function

Scenario Φ+ Φ– Φ Φ+ Φ– Φ
A 0.16 0.85 -0.69 0.08 0.37 -0.29
BC 0.19 0.80 -0.61 0.04 0.35 -0.31
BB 0.50 0.43 0.07 0.15 0.20 -0.05
B1→2 0.48 0.43 0.05 0.14 0.19 -0.05
C0 0.64 0.36 0.28 0.25 0.18 0.07
C1→2 0.95 0.05 0.90 0.65 0.02 0.63

DEVC
binary function linear function

Scenario Φ+ Φ– Φ Φ+ Φ– Φ
A 0.16 0.85 -0.69 0.08 0.32 -0.24
BC 0.16 0.84 -0.68 0.01 0.38 -0.37
BB 0.50 0.49 0.01 0.12 0.22 -0.10
B1→2 0.42 0.56 -0.14 0.09 0.24 -0.15
C0 0.80 0.20 0.60 0.29 0.12 0.17
C1→2 0.95 0.05 0.90 0.70 0.01 0.69

Final results for 
both variants
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So, I can 
summarize…
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At 
last!
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Conclusions
• We investigated the influence of preprocessing of waste tires to 

compact them for transportation purposes including cutting, 
packing tires and bailing. 

• The results show the preprocessing is desired for the reduction 
of total costs of collection and transportation. The most 
profitable method is the collection by large payload heavy 
vehicle with preprocessing tires in the collection points. 

• We investigated the possibility of using packing (doubling) 
machine for the ELT as the cheapest alternative for the 
necessary equipment, although other packing methods are also 
possible. 

• The evaluation of costs, labor time, and ELT collection vehicles’ 
exhaust emissions were possible by using a combined AHP and 
PROMETHEE methods that allowed finding the best solution in 
the multi-criterial evaluation. 
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Thank you for your attention

Σας ευχαριστώ για την προσοχή σας
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