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PROBABILISTIC MODELING AND ANALYSIS OF
MOTORCARS RECYCLING AND DISMANTLING
PROCESS IN A SCARCE Ol ENVIRONMENT

Manuel Alberto M. F erreira’, José Antonio Filipe’ and Manuel Coelho’

ABSTRACT

With thé basis on the M|Gle queue system it is modelled and analysed
the idle motorcars dismantling and recycling process in a scarce conventional
energy ambience. The model allows concluding that the dismantling or
recycling time hazard rate function plays a key role in the process control.
Moreover, through a cost-bengfit analysis based on this model, it is possible to
obtain criteria to evaluate the interest of the recycling and dismantling process
or to compare the dismantling process against the recycling process.

Keywords: Motorcars, recycling, dismantling, infinite servers queues, hazard
rate function.

1. INTRODUCTION

Conventional sources of energy are exploited at a very fast rate and they
will be exhausted in a near future, maybe within just a few decades, see [2]. If
this scenario happens, the owners of motorcars which function on the basis of
oil, in a huge number, will look for an alternative use with new sources of
energy; or simply they give them for dismantling. So this justifies that the
model to be presented, for this situation, is based on the use of infinite servers

queues, more concretely: the M lG\oo queue.

The most important conclusion from this model is that the rythm at
which the recycling and dismanting actions are performed is determinant, being

-
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important in this analysis the Jismantling or recycling time hazard rate fanction,
see [71, that works as reference rate.

The hazard rate function is very much used in reliability theory, €€
again [7]. For mstance, if the variable under study is the lifetime of a device, the
hazard rate function is the rate at which occur the devices failures making them
stop working. [n the situation under study in this paper, the dismantling of
recycling time hazard rate function 18 the rate at which the recycling of
dismantling services end. So it incorporates technologigal information on the
dismantling and recycling processes, respectively.

In the mext section the model is outlined. In the following it is
presented a cost-benefit analysis based on the model. Then some conclusions
are outlined. The paper ends with a short list of references.

2. CONSTRUCTING THE MODEL

According to the Kendall's notation the MinM lG\oo queue, see [3; 4],

means that the customers arrivals process is a Poisson one at rate 4. The &
means that it 18 considered any (general) service time distribution function G(.),

being its mean value designated & . The @ symbol signs that there are infinite
servers in the queue, that is: when a customer arrives it always finds an
available server (or that there is no distinction between the customer and the
server: the customer is it own server). The traffic intensity, called p = Aa 18
an important parameter, not dimensional, that measures the ability (speed) of
the servers to deal with the customers. The M| G | oo queue has neither losses
not waiting.

Tn the model, intended to be constructed, the costumers are the motor
cars that become idle and the arrivals Tate is the rate at which they so become.
The service time for cach one is the time that goes from the moment they
become idle till the moment that end either their recycling of dismantling
service.

The service time hazard rate function, # (1), is, see [71:

Hr)= glt) )

1-Glt)

being gl.) is the probability density function associated to Gl). From[4]:
1G(t)<1,¢>0 continuous and differentiable and

WYz A, >0 (D
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the probability that the quene is empty at time 7 is non- decreasing.
So
-If the rate at which the services end is greater or equal than the customers’
arrivals rate the probability that the queue is empty at time ¢ is non- decreasing.
-Considering exponential service times, the service time hazard rate function

is constant and given by A(t) = 1/4 , (2) is equivalent to
p = (3)

It is evidenced by equation (2) that if either the recycling or the
dismantling rate is greater or equal than the rate at which the motorcars become
idle, the probability that that there are no idle motorcars at instant ¢, does not
decrease with 7. So the system has a propensity to become balanced as far as
time goes on. Again from[4]:

1fG{t)<1,:>0 continuous and differentiable and

)< A, >0 (@)

the mean number of the customers in the queune is non- decreasing.
Then
-If the rate at which the services end is lesser or equal than the customer’s
arrivals rate, the mean number of the customers in the queue is non- decreasing.
- Considering exponential service times, (4) is equivalent to

pzl (5)

It results from equation (4) that if either the recycling or the dismantling
rate is lesser or equal than the rate at which the motorcars become idle, the
mean number of idle motor cars in time / does not decrease with £. This means
that the system has a tendency to become unbalanced as far as time goes on.

Note that for exponential service times, in both criteria considered, the
condition that guarantees the system balance possibility, o <1, does not depend

ont.

3. PERFORMING COST-BENEFIT ANALYSIS

The model built over the M ‘Gloo queue, to study the motorcars

recycling and dismantling process, in the former section emphasized the key
role of A(t) to monitor the way the system is managed. It is also important to
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determine A , a characteristic of the system, so exactly as possible. To perform
an economic type analysis, based on the model presented behind, both /(1) and
1 are determinant. Also it must be considered an additional parameter p the
probability, or percentage, of the motorcars arrivals intended to the recycling
being consequently 1-p the same to the intended to the dismantling. Call
h; (), ¢; (t) and b;(£),i = 1,2 the hazard rate function, the mean cost and the
mean benefit, respectively for recycling when = 1 and for dismantling
wheni = 2.

_ The total cost as referred to the unit of time for motor cars recycling
and dismantling is:

C@t) = pe () A4 + (1 —plex(®) A (6)

And the benefit as referred to the unit of time resulting from recycling and
dismantling

B(t) = by (Ohy(6) + b (DR () (7

Making an option for an economic point of view guite extreme, Se¢ [6],
it may be stated that
B(t) > C(t),for every t (8)

So it results that it is interesting recycling if

ey (6) A +1-pies () A b2 (o ()
hq ()

by(t) > (9)

When G, (t) and Go(t) are both exponential, being &y and o, the respective
means, (9} becomes

bi(t) > (PC:L(t) +(1 - P)Cz(t)),oi _ E3be) py = Aay (10)

[24-

Tt is economically interesting dismantling if

ey (£ A +(1-p)eg(t) A —ba (DD

b © > ha(t)

(1

Supposing that G, (t) and G,(t) are both exponential, being a; and @;
respective means, (11) becomes

b, (®) > (pey () + (A —p)ea(6))p2 = —%@ Jpy= Aay (12)
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Ly (10) .
oy T
plpCf + (1= p)C31— by —“a,l
by > T = A (17)
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4. CONCLUSIONS

Tt is an evident conclusion that the most important parameters in the
model presented are 2 and k(). The first 1s a characteristic of the system. The
second may be influenced (controlled) by engineers.

To apply this modet, and get useful conclusions, it is important t0 check
if customers’ arrivals occur according to a Poisson process, see for instance [1].
In this kind of problem this is pacific, in general, due 10 the huge quantity of
motorcars whose owners certainly will look for these services.

1t results from this discussion that the greatest possibility for managing
the system is to act on the service time hazard rate function, for instance,
choosing, or even creating and jmproving, the dismantling and recycling
processes to be used.

From the Cost-Benefit analysis it results that there are levels under
which it is not economically interesting recycling or dismantling. In a broader
perspective it ‘s more efficient the activity that corresponds to a lower level for
the minimum interesting benefit.

In [5] it is presented another example of infinite servers queues use,
now to model repair systems.
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