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Abstract:


Purpose: The aim of
this paper is to provide the framework for management of
reverse flow of materials in automotive industry. The emphasis is
placed on the
remanufacturing activities. Materials management in such conditions is
a real
challenge. The cause for this is parallel use of raw materials and
reused materials.
Such hybrid flows of materials are characterized by increased level of
uncertainty connected with amount, quality and timing.

Design/methodology/approach: This paper presents a comprehensive
review of
remanufacturing and
traditional manufacturing. The stabilization of reverse flows is
crucial for
continuity of remanufacturing operations. The simulation model and
results are
discussed regarding stabilization of the reverse flows. 

Findings: Authors
identify main problems that appear in the area of combining
at the production system forward and reverse flows of materials. The
agent-based technology is applied for configuration and stabilization
of
reverse network.

Research
limitations/implications: Paper is
case –
oriented.

Practical
implications: Both logistician and IT
researchers might benefit from authors approach.

Originality/value:
Authors provide an interdisciplinary approach combining operations
management, logistics and information technology.

Keywords: reverse
logistics,
remanufacturing, closed loop supply chain, simulation experiments
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1     
Introduction 

Automotive industry is one of
the most
environmental aware manufacturing sectors. The shift in business
practice from
traditional manufacturing to eco-friendly solutions was caused mainly
by the
application of a number of European Union Directives (e.g. End-of-Life
Vehicles
ELV Directive 2000/53/EC or RRR 2005/64/EC). Also Extended Producer
Responsibility Policy must be fulfilled. Product take-back regulations
influence design of the vehicles, production technologies but also the
configuration of automotive supply chains. The business practice is
every year
closer to the closed loop supply chain concept. The ideal closed loop
supply
chain can be defined as zero-waste supply chain that completely reuses,
recycles, or composts all materials (Golinska
et al.,
2007). All materials originally used in manufacturing of product should
be
preferable reused at the end of life in the forward supply chain, as so
called
re-supply. In this paper goal of closed loop chain materials management
is
defined as a need to provide the continuity of remanufacturing
activities and
simultaneously to minimize the number of waste being generated the in
whole
supply chain. The aim of this contribution is to provide the framework
for
management of reverse flow of materials in automotive industry. The
emphasis is
placed on the remanufacturing perspective.


2     
Closed loop supply chain and
remanufacturing
fundamentals 

In
last decade
closed-loop supply chain (CLSC) concept has been widely discussed in
the
literature on logistics and operation management. General overviews of
closed
loop supply chain concept can be found in (Guide & van Wassenhove,
2003, Dekker et al., 2003). The forward supply chain processes includes
all
procurement and deliveries of raw materials, work-in-progress materials
flow at
production plant and distribution of products to the customers. The
reverse
processes in supply chain are more difficult to define. The appearance
of
particular activities within the CLSC depends very often on the
condition/quality of the returns and source of collection. Main phases
in
reverse supply chain are collection, inspection and disassembly,
reprocessing
(recycling, remanufacturing or reuse) and re-supply or redistribution
to
alternative markets. In this paper the redistribution issues are not
discussed.

Uncertainty
is
the main problem in materials management of combined forward and
reverse flows.
The uncertainty is caused by “mismatch between supply and
demand
with respect
to timing and quantity in a recovery networks” (Fleischmann
et
al., 2001). 

The
materials
management for remanufacturing purpose is determined by the closed loop
supply
chain type. In situation when manufacturer does not perceive the
reverse flow as
an area with cost-cutting potential then he does not make much effort
in order
to optimize reverse logistics operations.

In
Europe the
manufactures are mainly closing the supply loop due to the legislative
requirements. European firms seem to rely on the waste stream for
acquiring
recoverable products (Guide, 2003). Recently automotive manufactures
have
started to apply less passive approach. 

Remanufacturing
can be defined as an industrial process in which new product is
reassembly from
an old one and, where necessary, new parts are used to produce fully
equivalent
and sometimes superior-in performance and expected lifetime to original
new
product (Lund, 1983). Remanufacturing is distinctly different from
repair
operations, since products are disassembled completely and all parts
are
returned to like-new conditions, which may include cosmetic operations
(Guide,
2000). 

Remanufacturing
allows companies to capture the residual value-added in forms of
materials,
energy and labor.
Remanufacturing
profitability can
driven the reverse flow of materials and makes companies to optimize
their
reverse channels. The remanufacturing operations can be divided into
three
phases:

·       
disassembly

·       
reprocessing of materials

·       
reassembly

Figure
1
represents the area of materials management in the closed loop supply
chain
(grey area).
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Figure
1. Closed loop supply chain model with
remanufacturing

In
order to
identify the requirements for efficient materials management for
remanufacturing purpose there is a need to identify the differences
between
traditional manufacturing and remanufacturing. Authors of the previous
studies
on remanufacturing have taken in consideration mainly following aspects
of
materials management:

·       
inventory control and
management: inventory
control models (van der
Laan
et al., 2003), ordering policy (Toktay,
2000)

·       
reverse network design
and collection
strategies (Fleischmann et al., 2000)

·       
matching demand and
supply (Guide, 2003)

·       
material requirements
planning (Ferrer
& Whybark,
2001)

There
is a
research gap regarding more complex approach to materials management
and
integration of materials and accompanying information flows. 


3     
Industry
insights – automotive remanufacturing 

The automotive industry
is the
highly consolidated sector, with the global overcapacity of about 30%.
The
market is rather saturated and demand is driven by product replacement.
Profit
margin on new cars is relatively low, particularly in the low
price/high volume
segments of the market. The global downturn in sales in years 2008-2009
has
forced automobile makers to review their structures and processes. 

Moreover since 2002 EU
has
introduced End of Life Vehicle
Directive that requires
manufacturers to
reach the goal of new vehicles reusability and/or recyclability of at
least
85%, and reusability and/or recoverability of at least 95% by weight,
if
measured against the international standard ISO 22620 (EAIR, 2009).

The RRR Directive
2005/64/EC on
type approval of vehicles for reusability, recyclability, and
recoverability
came into force in December 2005 and requires cars and light vans
(M1/N1),
newly introduced to the market after December 2008 to be 85% reusable
and/or
recyclable and 95% reusable/recoverable by mass (SMMT, 2007). Focus on
recyclability has driven the new model planning process. Newly applied
advanced
recycling methods (post shredder treatment) allow nowadays the
recycling and
recovery of literally all materials. Moreover there is a shift in
design
approach so called product modularity. It allows improving disassembly
operations. To speed up the dismantling operations all components are labeled
in accordance with international ISO
standards,
enabling materials to be sorted according to their type. In order to
reach the
challenging goal of 95% recovery target by 2015 some efficient material
separation technologies for end-of-life vehicles are promoted that
allow the
utilization for shredder residue and boosting the usage of recycled
materials
for some specific car components.

The EU is the still the
largest
automotive production region (27%) in the world, despite incremental
growth of
car production in China in 2010. At the end of 2008 in Europe there was
altogether over 226 million of passenger’s car in use,
including
73 millions
older than 10 years. The average age of car in
“old” UE 16
countries was 8.2
years, including the rest of European countries it is increased to over
11
years (ACEA, 2010). The problem of old car is growing but this
aftermarket
trends also create opportunities, including a growing market for
remanufactured
products. Several characteristics of cars make this a difficult market
in which
to implement product recovery: a long and unpredictable working life,
an
ability to cross international boundaries, reselling between different
owners, and,
therefore, difficulties in tracking the product during its active life
(Seitz
& Peattie,
2004). Remanufacturing for
major car
components, such as engines, is less problematic. 

The automobile industry
has the
longest tradition in remanufacturing among all industries. The
automotive products’ remanufacturing accounts for two thirds
of
all
remanufacturing activities globally (Kim et al., 2008).
Remanufacturing
is a common practice in automotive industry because 10% of all cars and
trucks
require an engine replacement during their life. Starters and
alternators are,
beside car engines the most typical products to be remanufactured due
to the
fact that most car
require two of each
throughout
their lives. These components are mass produced and remanufactured by
thousands
of companies. About 300 starter motor and alternator remanufacturers
are active
worldwide. 50% of the companies are US producers; the other 30 % of the
companies are located in Europe. Their production volumes together are
about 50
million pieces, which constitutes more than 80% of the overall
remanufactured
products (Kim et al., 2008).

In Europe, OEMs have
just
discovered the aftermarket profit potential of remanufactured products.
There
are three major market sectors: OEMs, including vehicle manufacturers
and their
first tier suppliers; remanufacturers subcontracted to the OEMs; and
independent remanufacturers (Seitz & Peattie,
2004). In this paper the emphasis is placed on OEMs, including vehicle
manufacturers and their first tier suppliers.


4     
Remanufacturing vs. manufacturing

Remanufacturing
differs a lot from traditional manufacturing. Many authors have pointed
as a
key complication the need to deliver products from many locations to
one
processor in a “many to one transportation”
or “many
to one distribution points” system (Tibben-Lembke
& Rogers, 2002). Constructing the reverse channels is perceived
as
a major
obstacle within closed loop supply chain management in terms of the
physical
locations, facilities, and transportation links that need to be
established and
managed (Fleischmann et al., 2001). In this paper authors highlight the
problems that appear within OEM’s facility. 

In
table 1 authors
have presented the
comparison of traditional
manufacturing process and remanufacturing process in automotive
industry.


	
       


      
      	
      Manufacturing

      
      	
      Remanufacturing 

      
    
	
      Production Size

      
      	
      big/medium

      
      	
      medium/small 

      
    
	
      Product 

      Standardization

      
      	
      high/medium

      
      	
      medium/low

      
    
	
      Materials and
work –in-progress inventory level

      
      	
      just-in-time,
just-in-sequence, low safety buffers

      
      	
      high –buffering against uncertainty 

      
    
	
      Inventory cycle

      
      	
      short

      
      	
      long 

      
    
	
      Inventory replenishment 

      
      	
      standardized
      procedures

      
      	
      ad hoc

      
    
	
      Process
lead time

      
      	
      predictable
      

      
      	
      variable/ not
following simple stochastic patterns 

      
    
	
      Delivery
lead time

      
      	
      predictable

      
      	
      Variable

      
    



Table 1. Manufacturing vs. Remanufacturing

By
remanufacturing product standardization is much lower than by
traditional
production. Moreover the complication is caused by multiple products
variants
e.g. engines. Model explosion in customized mass production of new
products
seriously influence to possibility of batch optimization in
remanufacturing
area. The manufacturer only has to deal with one generation of
product’s
variants at a time, and mass production volumes allow production lines
to be
dedicated to very limited products’ models. The
remanufacturer
has to deal with
small batches encompassing a range of product variants and generations,
which
complicates tool-changing, disassembly, and assembly processes (Seitz
& Peattie,
2004). 

Most
of the
automotive manufacturers use advanced supplies methods like
just-in-time or
just-in–sequence, which allow big reduction of the
inventories
levels. These
approaches are not suitable for remanufacturing because of the
uncertainty
inherent in delivery lead times. Also products’ proliferation
influences the
inventory levels at remanufacturing activities. The material recovery
rate
(MRR) is less predictable for the collected end-of-life vehicles. It
results in
higher level of work-in-progress inventory (WIP) kept. MRR defines the
frequency that a material recover from disassembled unit is suitable
for
further use in production activities. 

Due
to the
variable MRR the returned products or raw materials to substitute not remanufacturable
elements are stored longer than
in
traditional manufacturing (inventory cycle). A big problem is
forecasting of
the reverse material flows. It is difficult to use standardized
approaches for
used materials/parts inventory replenishment. Very often the inventory
is
replenished when lack of particular part/product type appears.

The
remanufacturing process lead times differs significantly and depends on
reprocessing activities needed in order to disassembly and recover the
used
parts. In general disassembly operations are highly variable with
respect of
time required. Moreover the reprocessing may include different
operations for
the same type of returns depending on their conditions. Some
operations/tasks
are known with certainty but appearance of others might be
probabilistic. It
makes setting accurate lead times for remanufacturing very difficult.

The
main
problems in materials management for remanufacturing purpose can be
defined as:


·       
the uncertain timing and
quantity of returns

·       
the uncertainty in
materials recovered from
return items

·       
the reverse logistics
network
configuration

·       
the problems of
stochastic routings for
materials for remanufacturing operations and highly variable processing
times

Most
of the
above mentioned characteristics result from lack of appropriate
information on
material flows and its forecasting. In the next section we present the
simulation model to solve this problem. 


5     
Simulation of materials management in
automotive industry 


5.1    
Assumptions

The
closed
loop supply chain model (CLSC) was implemented in a programmable modeling
platform for simulating – NetLogo.
It allows giving instructions to a plethora of independent agents
interacting
with one another and performing multiple tasks (Wilensky,
2009). In the simulation model three tiers have been distinguished. The
first
tier is represented by OEMs followed by recyclers and dealers. The OEM
provides
requirements for recovery. It collects and consolidates
customers’ individual
return notices at specified time intervals (e.g. once a day) and passes
them on
to the right members of the configured supply chain. It has access to
information about MRR, delivery time, etc., and supply (production
capacity)
offered by all enterprises from the network.

In
the CLSC
model goods and information flows take place between consecutive tiers.
Among
the subsequent tiers a flow of goods and information about them takes
place.
All goods deliveries are carried out sequentially from the supplier of
the last
tier (dealers) to the one of the first tier. Such an enterprise network
comes
in the form of a stratified, directed graph consisting of n sources
(dealers)
and one sink (OEM). 

In
such a
network the fastest flow (the shortest time) with an appropriate
capacity is
found. This task can be solved by the Busacker-Gowen
algorithm, which is presented in (Deo
et
al., 1983).
This method consists in increasing the flow along consecutive paths
augmenting
as much as their capacity allows. The order of appointing paths depends
on their
length which, in this case, is determined by unit time (disassembly,
reprocessing, reassembly, and delivery time). If the flow achieves the
defined
value, computing finishes. Otherwise, the network is modified and the
next
stages are repeated until the flow of the predefined value is
accomplished. To
find the shortest chain from the source to the sink the algorithm of
finding
the shortest paths must be applied. The CLSC model has used the BMEP
algorithm
(Kawa,
2009). The quantity of the potential
entities
in each tier (except for the first tier) is assumed to range from 10 to
100.
This number can be increased or decreased with a slider. There is only
one OEM
in each network (Figure 2). Different dealers from other reverse
networks may
compete with others (Kawa
& Golinska,
2010). 

Two
other
parameters of this network have been distinguished: demand and
indicator. The
first one is the demand of the OEM, which equals the whole supply chain
demand
by day. The second one is a factor of the supply changeability of
particular
entities of the network.

[image: ]

Figure
2. Reverse network of automotive
industry in the NetLogo
platform

The
properties
of link agents between constituents have been chosen randomly as a pair
of time
and capacity. We have set the time as a variable of 24, 48, 72, 96,
120, or 144
hours. In turn, capacity is a variable which depends on the
aforementioned
indicator. The total of the flows outgoing from a given supplier to
their
recipients equals the supply value (production capacity) of the
supplier in
question. Because the OEM demand can be completely or partially
satisfied,
there can be one or more such chains. 

Due
to the
fact that MRR is an important parameter, it has been assumed that in a
given
network there are only such connections between the suppliers of
consecutive
tiers which equal at least 50%. 


5.2    
Simulation experiments 

Checking
the
capabilities of reverse supply chain configuration and the
effectiveness of the
CLSC model has been carried out by means of numerous simulation
experiments. Their
aim has been to study how the changes of the nodes number and indicator
influence the average supply chain numbers (avg-sc
number) and the average time of the whole process of the recovery in
the
network (avg-time).

Indicator
has
been assumed to equal 0.1 and demand has been presumed to be 2000 for
the first
set of the simulation experiments. The number of entities in a
particular tier
has been changing and consecutively amounted to: 10, 20, 30,
…, 100 (at the
same time, this number in other tiers was
stable and equaled
10). The simulations
were run 1000 times for each
case. The findings of the experiment show that as nodes number
increases (from
10 to 100), avg-time
declines by about 51%
(from 99
to 48 hours) for recyclers and by 6% for dealers (from 100 to 94 hours)
(Figure
3). 

[image: ]

Figure
3. Influence of nodes number change in
tiers on the average time of
the whole process in the recovery network

The
following
dependency may provide a possible explanation for this phenomenon: the
more
suppliers there are in a given tier, the greater the competitiveness
among them
is and the shorter the time becomes for the final customers. Figure 2
also
shows that the time decreases simultaneously with an increase in the
nodes
number in the vicinity of the OEM (i.e. recyclers).

In
the next
part of the simulations, the indicator variable has been shifted from
0.1 to
1.0 incrementing each time by 0.1, on the assumption that nodes number
is
stable and amounts to 10 and demand = 2000. The simulations were
conducted 1000
times for each case. The results from the experiment show that avg-sc
number falls from 10 to 1 (Figure 4). The
fact that
augmenting indicator twice (i.e. from 0.1 to 0.2) leads the average
supply
chain numbers able to satisfy the demand of the OEM more quickly to
plunge from
10 to 5, i.e. by 50% seems noteworthy. As a result of the rise of
indicator
from 0.1 to 1.0, avg-time
falls from 100
to 56, i.e.
by 44%. The greatest drop (24%) is noticed in the first step (from 0.1
to 0.2)
(Figure. 5). The main conclusion from this part of the simulation
experiments
is that cooperation with a trading partner with better capacities and
an
ability to offer greater supply is, apparently, more profitable. It
reduces the
number of supply chains, too. It is worth to emphasize that the number
of
supply chains falls together with the concentration of suppliers, which
means less
work, fewer problems.

[image: ]

Figure
4. Influence of the factor of supply
changeability on the supply
chains number in the reverse network

The
presented
approach allows stimulating different recovery network’s
configuration. It
helps to stabilize the reverse flows of materials from many collection
points
to single manufacturing/remanufacturing system. The ad hoc testing of
recovery
network variants is very important in order to match the variable
demand and
supplies of end-of-life vehicles.
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Figure
5. Influence of the factor of supply
changeability on the average time
of the whole process of the recovery in the network


6     
Conclusions

In
this paper authors
identified the main problems that appear by materials management within
remanufacturing system. Application of agent-based technology helps to
solve
problems that appear very often in recovery network such as:

·       
distribution of information
sources

·       
heterogonous and incomplete
data

·       
opportunistic approach
to network configuration
–companies evaluate the benefits of participation in the
virtual
organization
and compare them with benefits of individual performance ( different
number of
nodes at each triers)

·       
temporary character
of relations

The
stability of re-supply in the CLSC was examined by the simulation. The
agent
technology proved to be suitable for simulation of dynamic network
configuration. There is a need for more holistic vision of reverse
logistics as
part of a closed-loop system. The further research will include
in-depth case
studies in automotive industry regarding the dynamics of reverse
material flows
for remanufacturing purpose. In authors opinion there is a need for
distributed
IT system that allow synchronized material planning and coordination of
reverse
and forward flows.
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