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Nowadays ecological issues are of high public prierity. Within industries namely the automotive sector,
often new machines, facilities or technological innovations are the key te ecological improvements.
Although it is seen less prominent, logistics play an important role in optimizing the ecological system,
Due to the high amount of transport traffic in inbound logistics, small changes lead to substantial savings
in CO, emissions. Through transport-criented schieduling this potential savings can be realized. By means
of smoothing and bundling demands in scheduling, transpert planning can he eptimized resuiting in
increased utilization, avoided transports and reduced CO2 emissions. The developed concept was

evaluated by means of a simulation mode] using real scheduling data.

© 2017 CIRP.

1. Introduction

Over the last two decades, ecological thinking has been
increasingly growing in importance in the public eye. The reasons
therefore are often high operating costs [1]. To reduce these costs
companies are searching for new technologies and concepts to
recuce them. Some solutions can be seen. in the design and
technologies of buildings (e.g. low-energy housing) or products
(e.g. hybrid technolegy} [2,3) These concepts focus on new
approaches to reduce the need for energy. Another way to reduce
operating costs is in raising the efficiency of using common
rechnologies. In logistics both cases can be applied. On one hand
new technologies like “green” transports can be used, and on the
on the other the amount of transports can be reduced, This paper
foruses on the second approach.

Industries with & high degree of customer oriented products
often face unsteady demands, This effect is based on a multitude of
different configuration possibilities of the products [45]. The
outcome of customer oriented goods is fluctuations in demand.
Especially parts, which are not build in every product. in the
automotive industry these parts are called “low-runner-parts”,
Because of unstable demands, low-runner-parts cause several
inefficiencies in logistics, i.e. unsteady traffic volumes at good

" Corresponding author at: Fraunhofer Austria Research GmbH, Theresianum-
gasse 7, 1040 Vienna, Austria, Tel.: +43 1 504 69 06: fax: +43 1 504 69 1090,
E-maifl address; Markus.Florlan@fraunhofer.at (M, Florian).

1755-5817/$ - see front matter © 2011 CIRP.
doli:10.1016/).cirp].2011.01.004

receipt or low utilization, which raise the overall CO, emission in
the system [6-8]. Based on the fact that cars have many different
parts, the automotive industry can be a beneficiary of this concept.
Upen closer inspection the automotive industry achieves the
material supply with two different supply concepts. Full-truck-load
transports (FTLs) and less-truck-load transports (I.TLs) are also
cammon supply concepts for other industries like the paper industry.
The differences between these concepts can be found in flexihility
and costs. Full-truck-load transports can be used when demand is
constant and high over a certain time-period. The outcome is high
utilization, These transpoits often deliver high-runner parts. The
supply times are specifically as signed by transport planning. On the
other hand, less-truck-load transports are very flexible and deliver
mostly low-runner parts [9,10]. Because of the high flexibility of LTL
transports the transportation costs are higher than the costs of a FTL.
An application analysis of these supply concepts shows that a good
deal of incoming trucks per day is using the supply concept LTL. In
comparison with FIL the chargeable weight is very low {Fig. 1).
Transports with LTL concept represent the ideal area to reduce
iogistics costs and CO; emissions by reducing the amount of
necessary LTL transports. The approach, which will be described in
this paper, is to smooth and bundle demand of low-runner-parts to
increase utilizations of transports and reduce transport costs

‘through avoidance of transports. The starting point for the

development of a transpors-oriented sclieduling approach is the
analysis of the planning processes employed by the automotive
industry. Other industries with products which have to be
scheduled are operating in similar ways.
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Source: Volkswagen AG

Fig. 1. Ratic of full-truck-laads (FTL) and less-truck-load {LTL).

2. Actual planning processes in autometive industry

One important objective in the autornotive industry is to assure
the building of cars with low lead and supply times, low stack and
high flexibility {11]. Regarding inbound logistics, the primary
objectives are to guarantee iow supply times or low waiting times
in the dispatch area, in order to minimize costs, Due to these
circumstances and other requirements, processes in the automo-
tive industry are very compiex. The sources for all processes are the
customer orders. These orders are attributed to weeks in which

diverse factors are considered, Factors for example. can be

restrictions from sales or productions plants. After smoothing
custemer orders over the weeks, the scheduling times all orders on
the basis of planning restrictions into a defined tact. To avoid
overload in the assembly stations the production restrictions have
to be considered {12} Here on the disposition dissolve the
- customer orders into demands for the inbound logistics, With this
and other logistical information disposition determines time and
amoeunt of demand for materials from the suppliers [11] (Fig. 20

2.1. Processes of scheduling

The task of the scheduling process is to schedule the customer
orders into the right time slots. To reduce the complexity for this
process all orders are constantly scattered over a volume of a week,
On one hand therefore delivery times of the cars, on the other the
ability to build ali orders in a week has to be considered by
restrictions which are based on producticn restrictions. In a second
step, the orders of a whole week are scheduled into the right
sequence [13].

Planning restrictions define rules for the sequencing to avoid
overicads in the assembly stations. Therefore OEMs use different
algorithms to sequence the orders. Beside mixed-model sequernc-
ing, car sequencing or level scheduling is forms of applying orders

to a tact, These models assure a-consideration of different lead
times of orders as a resuit of different variants [12]. Car sequencing,
for examnple, is overload oriented. It does not or will not work with
detailed car configuration information, but ban overloads of partial
sequences with so-called Ho:No rules. After the appliance of the
algorithm on the entirety of the orders, from No sequenced
variants the maximum amount of Ho options can be inciuded to
assure no overloads. One example for a rule of 1:3 for the aption
sunroof says that from three sequenced orders enly one order can
contain a sunroof. Most of the Western European OEMs use the car
sequencing algorithm-[14].

- After the planning process the sequenced orders are tlansferred
to disposition to initiate the supply of demands.

2.2, Processes of disposition

Processes of the disposition are based on the sequenced orders
of the scheduling process and on the actual transport network, The
task for the disposition is to assign the demand of the production to
the available transport capacities, which were planned in the
transport planning process. By defining the supplied demands, the
disposition has to consider on one hand safety stocks, stocks in the
warehouse and other stocks and on the other the worth of goods
and the fluctuation of demands. Because of stocks the disposition
has to appoint the right tfime and amount of demand to get it
delivered in time.

To determine the right time of material delivery, the disposition
has to run a backwards scheduling where the transportation times
are considered (Fig. 3). Therefore an ideal dimensioned supply
batch for a part is essential which has been calculated by the
disposition. Initial point of the backward scheduling is the first
need of a part out of this batch. This guarantees that ali parts are
supplied when the demand is needed in the production. Besides
transport duration, the disposition has to consider the safety stock

Piannsng algorithm 1 warehouse |
[y J

l Transport planning

Customer orders
!

Present 1 i
i resir:cuons Btock, safety SLOCK .. - relagions
T - : T
. . Disposition ¥ ?' o |
: . i ] T ; i .
e Sequenced gross i : i net i Time of transport g suppiier
sehedtling orgers ™ requirements. emam*? reqwremenl T departure & e
i ) amaum of cemand f
i I .
Demand in pre carriage

Actual ranspert |

Fig. 2. Linkage between scheduling and disposition.
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Fig. 3. Determination of amount and time of demand.

or “salety days”. When the safety stock is high it is possible to
adjust the planned supply time. This configuration element is also
important to define the right transport concept. While using FTL or
milk-run, a certain planned day has to be kept because these
concepts are bases of stability. LTLs are more flexible and therefore
supply days can be adjusted every time. This implies that high
stocks could enhance the use of FTLs or milk-runs. By an
economical view this approach is not sustainable.

To determine the right amount, disposition aligns the gross
demanded requirements of a viewed period of sequence planning
with the actual stock in warehouse and demand in pre carriage.
The gross requirements are derived from manufacturing resources
planning {MRP)}, where orders have been broken down according
to the part list. They describe the total demand of these considered
orders [11]. The net requirements describe the demand which is
needed to guarantee no production stop in the factory. To raise the
utilization of the bins the net requirements are rounded up 16 the
capacity of the transport equipment. In case of an FTL or a mitk-run,
the demand is rounded up a second time to achieve high
utilizations of the transports. If an LTL is used the demand will
not be rounded up a second time.

2.3, Inefficiencies in acrual planning processes

Because of the reactive character of disposition, the inbound
logistics is operating on an inefficient level. Low uiilizations or
unbalanced part arrivals can be identified (Fig. 4). Besides higher
logistics costs this also causes unnecessary CO, emissions.

M. Florian et al./ CIRP journal of Manufacturing Science and Technology 4 (2011) 252-257

Especially OEMs, which often are located in urban areas and
therefore have limited space for production, have to plan the
arrivals of supplier transports very accurately.

To smooth the incoming traffic velume or bundle demands, the
part requirements have to be shifted in the scheduling. The starting
point for an optimization is te link the scheduling with disposition
to become additional sequencing information within the logistics.
Hence, a new concept has to be developed, where sequence
planning is expanded by logistical parameters.

3. Concept of transpori-oriented scheduling for reduction of
inbound logistic traffic in the automotive industries

To optimize the transport logistics in an efficient way it is
important to understand the behavior of the system. The system
changes the behavior when the orientation changes, Fig. 5 shows
an overview of dependencies of system orientations. System
orientations in the second quadrant are called active components,
since they have a strong impact on the system and are weakly
influenced by the system. These objectives have the highest
positive leverage effect on the others [15].

When exploring stock movements it shows a direct link to the
transport logistics and the production. Transports bring the parts
into stocks where the production requests defined parts which are
timely appointed by the scheduling. Based on a constant stock
movement the scheduling hias to smooth the demand over a certain
time period. Fast stock movements require a bundling of demand
in the scheduling.

Because of this characteristic, constant stock movernents
{smoothing) and fast stock movements (bundling} constitute the
fundament of the transpori-ariented scheduling:

e Smoothing of demand
Smoocthing means realizing a steady demand of parts. The
resulting constant stock movement and flow of parts provide a
basis for a steady transport schedule [16].
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In consideration of mass customization, a constant demand
exists only for parts with a high installation rate as mentioned in
Fig. 4 (parts 1-4). Typically these parts are frequently sourced
from supplier parks or with lean JIT transports that are within
close proximity [ 17]. For those parts FTL transports or milk-runs
are mosily applied.

Bundling of demand

Bundiing means; concentrating the demand of certain parts
into a shorter time span. By bundling parts, which are supplied
over the same transport relation, high transport utilization and
low inventory costs can be achieved.

Parts with a low instaliation rate {parts 5 and 6 in Fig. 4} are
characterized by sporadic demand. The demand of these parts is
based on the highly individual configuration packages of a car.
Fig. 6 shows how low runner parts can be supplied to the factory.
Low-loaded FTLs {red line) generate high inventory costs but
guarantee Jow transport costs and traffic loads. Using LTLs {blue
line) low inventory costs it high transport costs and high traffic
jcads are produced [18]. To realize low inventory and transport
costs as well as low traffic loads, the demand of low runner parts
has to be concentrated in the scheduling (biack line).

-4

Economical bundling effects cannot be realized by all low
runner parts. Reflecting the system orientations of inbound

255

logistic, only the most relevant parts and transport relations
should be considered. Relevant factors are:

« [ong distances between source and sink, The longer the distance
the higher is the saving potential of transport costs and poliutant
emissions.

« The amount of different types of parts. The smaller the amount of
different types of parts, the smaller the amount of transport-/part
related restrictions

o High inventory costs. The higher the inventory costs, the higher
the present transport frequency and therefore the saving
potential of transport costs and emissions.

Smoothing and bundling of demand constitutes the fundament
of the developing concept. Smoothing of demand is a general focus
of scheduling, This has to be applied on parts with kigh instailation
rates. Bundling of demand focuses on parts with low installation
rates, In this respect, a smoothing of low runner parts shoulid also
be considered over a Jong ferm horizon. For the concept of
transport-oriented scheduling, smoothing describes the basic
orientation. The big effect of reducing transpert traffic can be
achieved by hundling of low runner parts. This will be the focus of
this concept.

To consider additional information in the planning processes, a
link between disposition and scheduling has to be provided (Fig. 7).
Therefore transport restrictions have to be defined which inciude
information about the bundling-relevant parts. These relevant
parts have to be found hy an analysis based on the factors which
are mentioned in Section 2:

« Considering relations with low supply volumes (FI1L).

« Considering relations with high frequented supplies.

s« Considering supplier relations with less combination of proper-
ties. A property in the automotive indusiry defines a car-
configuration element which can be chosen by the customer (e.g.
engine, sport packet, and rims). Because of the impact of
combinations on the components (e.g. different types of water
tanks concerning the type of engine) this consideration is very
important for the concept.

e Considering expansive parts.

After finding these part restriction bases on the car sequencing
algorithm (Ho:No} have to be defined.

After defining all relevant restrictions the scheduiing algorithm
has to smooth and bundle the demands. Considering transport
restrictions at the scheduling, the amount of trucks over a defined -
time period are smooihed and reduced by bundied demands {Fig. 8).

As a consequence of the accelerated stock movement and high
order quantities, the amount of truck deliveries for parts 5 and 6
decreases from 6 to 2 deliveries per week. Gaining these
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Fig. 8. Bundled sequence concerning to parts 5 and 6.

advantages means accepting a changed demand of other parts like
2 and 3. Change of orders is accepted as long as the present
restrictions allow it.

An evaluation- of the feasibility considering transport-related
Testrictions was made. The results, based on authentic data and a
car-sequencing algorithm of a German car manufacturer, are
introduced in the following section.

4. Evajuation of transport-oriented scheduling

A production piant which produces two different models on
two separate lines was chosen for the evaluation. The production
volume of model A amounts to 3000 and model B to 1300 cars per
week. The considered time horizon amounts 5 weeks.

First of all, relevant parts and suppliers have to be identified.
Therefore all suppliers were scanned by the distance to the
production plant, the amount of different parts, the average
chargeable weight and the delivery frequency. A rating of these
factors generated a rank which shows the relevance of the supplier
by the concept. The case study showed that only 7 suppiiers fit in
the requirements of the bundling concept which were mentioned
in Section 3. Considering the high numbers of OEM suppliers the
concept targets only on a limit amount {Table 1),

Table 1
Selected suppliers and consequences of transport-eriented scheduling, -

After identifying the relevant suppliers transport restrictions
were defined. The definition of transport restrictions was based on
Ho:No rules. The initial situation fé;_' the case study was a
scheduling without transport restrictions. According to the rank of
the suppliers, the transport restrictions were considered sequen-
tially in the scheduling, The amount of transport restrictions was
gradually increased, until they came into conflict with one of the
present restrictions. The consequences of the implementation are
presented in Table 1.

As can be seen, noticeable reductions of the transport
frequency could be achieveé for the selected suppiiers. The
total sum of transport-deliveries, pictured in Fig. 9, could be
reduced by 2.5-3.0%, depending on the amount and priority of
the present restrictions. This small reduction is based on the
high rate of truck deliveries per day and the high amount of
suppliers. The identified suppiiers constitute only some percent
of all suppliers.

The reduction of the delivery frequencies causes a decrease in
the pollutant emissions. The mentioned effects basically depend on
the transport utilization of the pre and main carriage.

On closer inspection of the computing runtime there was no
rise identifiable. This resuits because of a definition of a2 minimum
of additionaj Ho:No rules for this concept,

Supplier Rank {istance Amount of different Average chargeable Average delivery per Change through concept
{miles) parts per supplier weight {m® fweek) weel (present restrictions)
' 'Average delivery per week Change (%)
{present +{ransport restrictions)

Supplier 1 1 320 2 36.35 3.80 1.80 ~52.63
Supplier 2 2 300 2 2345 250 1.60 -38.45
Suppler 3 3 350 3 13.67 3.20 2.20 -31.25
Suppler 4 4 270 2 18.88 1.80 .80 —55.56
Suppler 5 5 370 2 2452 4.60 3.60 ~21.74
Supplier & <] 200 3 30,16 3.60 2.60 —27.78
Supplier 7 7 330 2 32.34 2.80 1.86 -35.71
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5. Summary

Coensidering that transport-related restrictions like bundling at
the schedule-planning are possibie due to the amount and priority
of the present restrictions, the possibilities to expand the transport
restrictions are limited, The evaluation with a time horizon of 5
weeks shows that the reduction of the total sum of transport is
limited to 3.0% maximum, This deals with the limited number of
suppliers which can be considered by the concept. Nevertheless
the transport oriented scheduling allows the reduction of traffic
and emissions for a limited selection of the most pollufing and
expensive relations and parts,
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