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The automotive industry is undergoing a strategic transition. Cost pressure from rising stock levels in the
market and increasing incentives needed to sell these vehicles are forcing vehicle manufacturers to re-
think their prevalent stock-push approach, building vehicles against a forecast and selling from stock, in
favor of a stock-less build-to-order order fulfillment strategy. More responsive order fulfillment at the vehi-
cle manufacturer level however will not only require flexible and responsive component supply, but will
also have wide ramifications for the logistics operations. Based on three case studies of major inbound
logistics operations, this exploratory study assesses their ability to support such a build-to-order ap-
proach, as well as the potential implications of such transition. The paper concludes with a set of general
strategies for how these implications could be mitigated.
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THE "BUILD-TO-ORDER" CHALLENGE

The automotive supply chain is undergoing a major transition. New vehicle supply systems, still largely
based on Henry Ford's mass production paradigm or "push" logic, are proving increasingly less competi-
tive in today's markets. Current "stock push" vehicle supply, whereby the majority of vehicles are sourced
from existing finished goods inventory in the marketplace, requires holding stock at the most expensive
point in the supply chain (Fisher 1997). Furthermore, the sales incentives' needed to shift this inventory
incur a huge cost penalty in current vehicle distribution. It has been estimated that across Europe $9 bil-
lion could be saved by eliminating the finished vehicle stocks, with an additional $3.8 billion annual profit
potential through further operational savings and increased product mix profits (ICDP 2000). In the U.S.,
potential savings through build-to-order have been estimated at $ 1,500 per vehicle (Lapidus 2000). Since
average incentives per car sold in the U.S. was $1,873 in 2002, even this high figure seems a conserva-
tive estimate.

The key obstacle for not building an increasing percentage of vehicles to customer order is the vehicle
manufacturer's inability to supply customized vehicles within timeframes customers find acceptable
(Holweg and Pil 2001). Average order lead-time for customized vehicles ranges from six weeks in Europe
to ten weeks or more in the U.S. - yet consumer research has shown that the majority of new vehicle
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buyers expect their vehicle within two to three weeks (Elias 2001), a figure which is fairly consistent
across Europe, Japan, and the U.S.

As a result, the minority of vehicles in the world is actually built to customer specifications, and large
stocks of finished vehicles are held at dealerships and distribution centers to enable a certain degree of
choice for customers. This becomes particularly apparent in the U.S., where the distribution system is
geared at "instant gratification" or "one-stop shopping."” Manufacturers hold as many as 100 days of sales
in the marketplace (2), and 60 days is considered to be the "optimal level" - a level that has hardly
changed since the days of Henry Ford (see for example Lacey 1986). Figure 1 gives an overview on
global stock levels and vehicles built to customer order across major market regions.

FIGURE 1

SALES SOURCING AND STOCK LEVELS IN MAIN GLOBAL MARKETS

Sales Sourcing and Vehicle Stock
Volume Cars - Major Markets 1999

R — —

O % Sales from Dealer
Stock

B % Sales from
Distribution Cenlers

B % Vehicles buill 1o
Oircler

S05%

% of Sales

23% 1

o IO A

U.s. U.K. Europe Japan
(Toyota)
Average New Vehicle
60-90 days 64 days 55 days 20 days Stock in Days

Source: Holweg and Miemczyk (2002}, Shioji (2000)

Currently, Japanese producers in Japan show the highest build-to-order figures for their domestic market.
One reason for this is the high percentage of cars destined for export (in the case of (Toyota up to 60%
of production), which are largely made to forecast and can be used to buffer customer-ordered production
for the domestic market. Thus, albeit high domestically, we estimate the volume of vehicles built to order
as a fraction of total production in Japan to be less than 40%. This is similar to the U.K., where 33% of all
new vehicles were built to order in 1999, with the remainder sold from stock. On average, just under two
months stock of unsold vehicles are held at any one time in Europe (ICDP 2000).
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Recent pronouncements have made it clear that there is some recognition of this failure (Andrews 2000;
Cantwell 2001; de Saint-Seine 2002; Weernink, 2002) and most manufacturers have announced the in-
tention to implement build-to-order strategies to reduce sourcing from stock. Recent projects include the
"Projet Nouvelle Distribution” initiative by /Renault, aiming to build vehicles to order in 14 days from or-
der to delivery, and BMW's Customer-oriented Sales Processing (COSP), which is attempting a ten-day
order-to-delivery lead-time. (’Volvo was an early adopter of this model, reducing order-to-delivery times
in Europe from six weeks to 28 days in 1990, and even down to 14 days in 1995 - with a 100% "cus-
tomer-based" production (L{Hertz, Johannsson, and de Jager 2001). Table 1 gives an overview of current
build-to-order programs at the vehicle manufacturer (VM) level.

TABLE 1

BUILD-TO-ORDER PROGRAMS AT VEHICLE MANUFACTURERS

Vehicle

Manufacturer Program Name Order-to-Delivery Target
BMW COSP — Customer Oriented Sales Processing 10 days

DaimlerChrysler FastCar/Global Ordering 15 days

Ford Order-to-Delivery 15 days

General Motors Order-to-Delivery 20 days

Renault Projet Nouvelle Distribution (PND) Initially 14 days, revised to

21 days in 2002
Nissan SCOPE (Europe), ANSWER (Japan), 14 days
ICON (U.S.).

Toyota N/A 14 days

Volkswagen Kunde-Kunde (*Customer-to-Customer™) 14 days

Volvo Distribution 90 14 days

A STRATEGIC SHIFT IN THE AUTOMOTIVE SUPPLY CHAIN

Building cars to order is not a new idea: the Toyota Production System (Monden 1983), the ancestor of
the lean philosophy (Womaek and Jones 1996; Womack, Jones, and Roos 1990), has the guiding objec-
tive of producing products "pulled" by the customer which helps to avoid the substantive waste or "muda"
inherent in overproduction. While lean efforts have fostered undeniable improvements in productivity and
quality in the automotive industry, from the customer's perspective they often have failed due to their my-
opic focus on the factories (Holweg and Pil 2001). To maintain plant productivity, a key shareholder
measure, vehicle manufacturers rely heavily on forecasts of production volume and mix despite what the
market, i.e., consumers, might actually be demanding. Yet building vehicles to order as opposed to a
forecast has an unmistakable logic - both for the vehicle manufacturers and the customers. The customer
gets what he or she wants, without compromising on specifications, colors, or other features. The manu-
facturer on the other hand can operate without the costly stock and incentives, and maintain choice, a key
competitive differentiator.

For build-to-order strategies to be competitive, however, one needs a sufficiently short order-to-delivery
(OTD) lead-time to supply vehicles within a lead-time acceptable to customers. The lead-time reduction
efforts will initially have to focus on the vehicle manufacturer, which currently accounts for 88% of the
OTD lead-time despite final assembly only taking 4.5-20 hours (Holweg and Pil 2001), but subsequently
affect all subsystems - component suppliers, vehicle manufacturers, and logistics operators. Additionally,
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increased flexibility will be demanded from suppliers and logistics operators to cater for the variability
resulting from an increased percentage of cars built-to-order in short lead-times. Thus, a shift toward BTO
will require not only the manufacturers to radically alter their processes, but has equally drastic ramifica-
tions for all players in the supply chain, in particular for suppliers and logistics operators.

An interesting parallel here is the application of BTO in the consumer electronics sector, in particular at
Dell Computers, which has been very successfully applying the concept. The critical difference between
the automotive industry and Dell however is that Dell - strictly speaking - uses an assemble-lo-order
(ATO) strategy (based on Mather 1988), whereby it keeps sufficient component inventory on site in order
to build computers to order once the order is received. This inventory therefore represents a de-coupling
point in the supply chain that largely buffers the component supply chain from demand variability and
lead-time reduction requirements. In comparison to the automotive industry however, Dell only handles
15-50 key components per computer, whereas the average vehicle consists of 2,000-4,000 components -
many of which are customized by color, engine size, trim level, and body-style (Holweg and Pil 2001).
Thus, holding component stock in the same fashion is cost-prohibitive in the automotive industry, and
BTO strategies are dependent on a capable and responsive supply chain, and subsequently, on the logis-
tics operations that connect suppliers to the assembly plants, and assembly plants to dealers and cus-
tomers. ()Renault's recent experience marks a case in point. In 2002, it had to revise its order-to-delivery
lead-time target from 14 days (set in 1999) to 21 days - not because of any inflexibility in the manufactur-
ing operations, but because their distribution logistics operations could not cope with the lead-time reduc-
tion (de SaintSeine 2002). Initial research into the outbound logistics operations (Holweg and Miemczyk
2002; Holweg, Miemczyk, and Williams 2001) and the order-to-delivery process (Holweg and Jones 2001
; Holweg and Pil 2001) has already been reported, confirming the necessity of adopting an holistic ap-
proach to logistics as the connecting element in the system.

In this paper, we provide an exploratory investigation into three major inbound logistics schemes in three
vehicle assembly plants in the U.K., covering a total of 670 suppliers. The research is based on in-depth
process mapping at these logistics operations, complemented with a total of 20 semi-structured inter-
views - eight interviews with VM logistics managers and 12 interviews with managers at five logistics ser-
vice providers.

Using these three case studies, we aim to develop an in-depth understanding of the current process and
provide an initial generic assessment of the implications of build-to-order for this automotive logistics sub-
system. The analysis is at a necessarily high "resolution level" (Klir and Valach 1967), yet aims at laying
the foundation for future, in-depth studies of specific manufacturers' logistics subsystems, or even sur-
veys across geographical regions. Due to the inherent complexity of the automotive supply chain and the
number of components involved (2,000-4,000 per vehicle), a component-by-component analysis as sug-
gested by Griffiths and Margetts (2000) was not feasible. Furthermore, the details of manufacturing com-
plexity and plant processes are left to other studies. The focus of this paper is inbound logistics as an
enabler of BTO through responsive delivery of parts and components. More specifically, the objectives of
this study are:

1. To develop an in-depth understanding of current inbound logistics operations in the automotive indus-
try.

2. To provide an assessment of response capability of logistics operators, in particular in terms of their
operational framework, their responsiveness to change, and their alignment and integration into the
wider supply chain system.

3. To identify opportunities and strategies for mitigating the implications of BTO on the inbound logistics
operations in the automotive industry, and more generally, the implications of more responsive logis-
tics operations in the supply chain.

INBOUND LOGISTICS - THE LINKING ELEMENT IN THE SUPPLY CHAIN
Automotive Logistics

Bowersox and Closs (1996) describe logistics as the "connecting element" between the subsystems in
the supply chain. Within new vehicle supply systems, two general types of logistics operations can be
found: outbound logistics and inbound logistics. Outbound logistics or vehicle distribution from the vehicle
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assembly plant to the dealership directly contributes to the responsiveness of the overall vehicle supply
system by representing the lead-time from the factory to customers. As Gustin, Daugherty, and Stank
(1995) point out:

"Proportioning between manufacturing lead-time and distribution lead-time means little; customers only
want to know when the merchandise will arrive."

The second main logistics operation in the auto supply chain is between the component suppliers and
vehicle assembly plants. Although not directly impacting on the order-to-delivery lead-time, it is a potential
inhibitor of the supply system's responsiveness, as our initial interviews with vehicle manufacturer staff
and previous contributions in the field confirmed. Although a consideration of suppliers ' responsiveness
capabilities is vital for manufacturers to respond to market shifts, we argue for analyzing the potential
inhibitors of inbound logistics as the linking element between suppliers and assemblers. If assemblers are
not able to call upon parts and components (which typically make-up 60-70% of the value of a vehicle)
within a reasonable time-scale, costly inventory holding is needed. Excessive stocks may be held if as-
semblers are unable to predict the right inventory (volume and mix) in the case of building to order. This
point emphasizes the need for responsive inbound logistics. In the following section, we will examine
current organizational structures of inbound schemes, and discuss criteria their performance can be
measured on.

Inbound Logistics - Organization

Two key factors determine the structure or "gestalt" of the inbound logistics subsystem: the number of
suppliers per manufacturer, and the average distance between suppliers and the vehicle assembly plants
these are supplying into. Here, significant geographical differences have been observed: the average
distance between supplier and vehicle manufacturer is 447 miles in the U.S., compared to 82 miles and
129 miles in Japan and Korea, respectively (Dyer and Chu 2003). The average number of suppliers per
assembly plant was 376 in the U.S., compared with 341 and 206 in Europe and Japan, respectively
(Holweg and Pil 2004). Therefore, it is important to understand the logistics subsystems in relation to their
national and geographical context.

A number of studies have further reported on the operations aspects of automotive logistics (Berglund et
al. 1999; Skjoett-Larsen 2000;) for example emphasizing the importance of product variety in the decision
to implement Just-in-Time (JIT) strategies (Cooper and Griffiths 1994). This entails altering delivery fre-
guency depending on component value to determine which components should be subject to the most
frequent Just-in-Time process (Ansary and Heckel 1987), where deliveries of more than once per day are
a common feature (Raia 1990). Scannel, Vickery, and Droge (2000) find that increased flexibility is the
key objective of JIT purchasing and that it leads to improvements in volume, mix, modification, and
changeover flexibility at vehicle manufacturers, while Vonderembse et al. (1995) argue that while delivery
lot sizes are often reduced as a result of JIT, total costs do not have a corresponding increase as might
be expected. Thus, the implications and benefits of JIT applied to inbound supply logistics are well docu-
mented.

Yet despite simply altering the frequency, there are a range of options at hand for organizing an inbound
scheme. Within our research, we have observed the following collection and delivery strategies, which we
found to be contingent upon delivery volume and frequency, but also physical dimensions of the compo-
nents and geographical factors (see Table 2). Figure 2 further illustrates the main structure of an automo-
tive inbound logistics scheme and the interactions of these strategies.

Furthermore, third-party logistics (3 PL) companies we analyzed had taken a range of additional respon-
sibilities including the management of local warehouses, holding buffer stock (usually from European and
global supply lines) and more recently, the overall management of supplier parks, organizing the se-
guenced-in-line delivery (Doran 2001).
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TABLE 1

BUILD-TO-ORDER PROGRAMS AT VEHICLE MANUFACTURERS

Vehicle

Manufacturer Program Name Order-to-Delivery Target
BMW COSP — Customer Oriented Sales Processing 10 days

DaimlerChrysler FastCar/Global Ordering 15 days

Ford Order-to-Delivery 15 days

General Motors Order-to-Delivery 20 days

Renault

Nissan

Toyota
Volkswagen

Volvo

Projet Nouvelle Distribution (PND)

SCOPE (Europe), ANSWER (Japan),
ICON (U.S.).

N/A
Kunde-Kunde (“Customer-to-Customer™)
Distribution 90

Initially 14 days, revised to
21 days in 2002

14 days

14 days
14 days
14 days

FIGURE 2
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The costs of inbound logistics are not insignificant. Overall, vehicle manufacturers estimate their inbound
cost to be around 10% of the manufacturing costs (plant-based costs only) and 1-2% of the cost of a fin-
ished vehicle (3). Although transport efficiency is a critical feature, it potentially conflicts with the require-
ments of frequent and reliable component deliveries into assembly. Thus, while an increase in logistics
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cost will be significant, this needs to be discussed in context to the overall vehicle price and potential sav-
ings made due to a more responsive supply chain in a build-to-order system (Holweg and Pil 2001).
Thus, considering this classic trade-off between cost and delivery frequency, the question arises if in-
bound logistics in its current organizational format can support responsive build-to-order strategies, and
more importantly, what strategies are at hand to mitigate the cost penalty and further enable such re-
sponsiveness?

A METHODOLOGY FOR ANALYSING LOGISTICS RESPONSIVENESS
Measuring the Performance of Logistics Systems

Past studies evaluating the performance of logistics systems demonstrate a great variety of "hard" and
"soft" performance measures depending on the focus of the study reported. Chow, Heaver, and Henriks-
son (1994) identify several key types of logistics performance indicators - delivery lead-times, on-time
delivery, and initial load and backload efficiency. Stock, Preis, and Kasarda (1999), taking a contingency
point of view, argue that logistics performance needs to be evaluated in relation to the overall strategy,
organizational structure, and the competitive environment in order to be aligned and support enterprise-
wide goals. In our view, both areas need to be considered.

Initial interviews showed that currently mainly quantitative indicators such as delivery leadtimes, reliability
of delivery, load efficiency, and cost are used to evaluate logistics schemes. From a research point of
view however, a much more qualitative view, i.e., the perception of how the scheme functions within its
wider environment, also needs to be considered. A cost-effective system that is too rigid to meet flexibility
needs in the supply chain is as useless as a responsive effective system that is too costly to be sus-
tained, yet either could be viewed successful depending on the measures used. This is a classic logistics
trade-off between flexibility and cost (Bowersox and Closs 1996). For this study, we aimed to balance
guantitative assessment and qualitative evaluation of the overall system in its environment.

The decision to adopt a case-study based approach following an established framework (Eisenhardt
1989; Yin 1994) was driven by several factors. First, case-based research in operations management and
logistics research is well established (Ellram 1996; Meredith 1998; Voss, Tsikriktsis, and Frohlich 2002),
and second, the lack of previous research linking build-to-order strategies and inbound logistics opera-
tions in our view made a rich, qualitative research approach more suitable - as opposed to obtaining a
less rich data-set across a larger sample, as for example through survey instruments. Thus an exploratory
case approach was selected which Meredith (1998, p. 444) describes as suitable where the "variables are
still unknown and the phenomenon not at all understood."

A Triangulated, case-based Approach

A multi-method triangulated research approach was developed, comprised of both qualitative and quanti-
tative methods (Jick 1989; Mentzner and Flint 1997). As Voss, Tsikriktsis, and Frohlich argue, the reliabil-
ity of the data collected is increased if multiple sources of data are used to probe the same phenomena.
This study utilized process mapping as the common approach providing a quantitative basis for the case
comparison, and used interview data to capture the rich, narrative evidence to explain the quantitative
figures found in the process mapping, and further identify the root causes behind the system's perform-
ance.

The process mapping research (based on Romer and Shook 1998) is strongly influenced by the Systems
approach (Ackoff 1971; Bertalanffy 1968), discussing the inbound logistics operations as a subsystem in
the overall vehicle supply system. This allows for a discussion of both the system's gestalt, as well as the
interactions and role within its environment (Ackoff 1971; Kiihn 1975).

Case advocates argue that the case study methodology is one of the least understood and that gener-
alizability can be achieved through cases (Ellram 1996), as generalization is not a matter of statistical
generalization, but a matter of analytical generalization to illustrate, represent, or generalize a theory (Yin
1994). Although this was a major concern for achieving generalizability in the underlying study, it was felt
that the triangulation through multiple methods across the cases, as suggested by Jick (1989), addressed
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this concern satisfactorily. Nevertheless, as a result we do not claim unconditional applicability of our
constructs and findings over a sample beyond the subjects of analysis.

Using the theoretical sampling rationale, the criteria for case selection was based on initial interview data
that described the general inbound supply chain processes at six U.K. volume assembly plants. The first
case-selection criterion was to select supplier collection schemes that dealt with a considerable U.K. sup-
ply base to a U.K. assembly plant, and which were run by a single thirdparty logistics provider. At the time
of the study, nine high-volume assembly plants were operational. A second criterion was "transplant”
versus "non-transplant” operation, as the literature shows transplants4 to show significant different char-
acteristics in their operations (Schonberger 1982). Thirdly, the cases selected all supply vehicle manufac-
turers known to have articulated their build-to-order strategies, with the clear objective to reduce overall
customer order-to-delivery lead-times.

Following these criteria, the following cases were chosen, a third-party logistics provider (3PL) feeding a
Japanese-owned transplant, and two third-party schemes feeding U.S.-owned plants. In total, these
schemes link in excess of 670 supplier manufacturing sites to three assembly plants, thus giving a very
comprehensive insight into the inbound processes - despite the limited number of logistics schemes
which otherwise might have been a concern relative to validity of the findings (Silverman 1997). The re-
search was divided into two main phases, as shown in Figure 3.

FIGURE 3
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Initially, eight interviews with logistics managers at three major U.K. vehicle manufacturers, as well as at
five third-party inbound logistics providers were conducted to allow a basic understanding of the structure
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and interaction between inbound logistics operations and vehicle manufacturers, as well as to refine the
research approach and guide the case selection.

The second phase comprised of further detailed interviews with site managers and scheduling staff at the
three logistics companies during an on-site, one-day process mapping workshop, each complemented by
a detailed visit to the three physical cross-dock facilities. The process mapping workshop applies (£ Toy-
ota's value stream mapping approach (c.f. Rother and Shook 1998), which was found to be particularly
useful, as these value stream maps capture both information and material flows on one chart and thus
provide excellent visualization of the current-state process, and second, as they allow for a simultaneous
collection of operational performance data, which was subsequently used for the comparative analysis.
The data collected includes, for example, the collection and delivery frequencies, number of suppliers
involved, the percentage of direct and consolidated deliveries, the truck-trailer ratios and inventories held
at each stage in the process. A second round of interviews, which followed the workshop, addressed
further issues highlighted during the process mapping. Overall, the objective at this stage was to gain an
in-depth understanding of the process and to provide a quantitative basis for comparison of the logistics
schemes analyzed. All findings were reported back to the companies through a customized report on their
respective performance in order to strengthen external validity (Stuart et al. 2002).

FINDINGS - COMPARATIVE ANALYSIS
Overview

This section compares the three cases on the basis of their quantitative key performance indicators de-
rived from the process mapping activities. We have structured the key indicators into three sections: the
operational framework, the responsiveness to change, and the alignment and integration of the collec-
tions scheme into the wider supply chain of suppliers and customers. The overall assessment regarding
the build-to-order requirements of the wider supply chain focuses on the responsiveness and alignment of
the schemes. The following section gives the relevant background for this assessment.

Operational Framework

Table 3 gives an overview of the three cases analyzed. The key difference between the cases is the
number of suppliers that form part of the collection scheme. The two inbound collection schemes for the
Western vehicle manufacturers show a much larger number of suppliers they collect from, and subse-
guently higher average points-of-calls on the collection runs. There are various reasons for this. First, this
Japanese manufacturer (as do the other Japanese VMs in the U.K.) still imports a significant proportion of
material from Japan, and thus has a lower content of local sourcing from a comparatively smaller supply
base. In terms of direct deliveries, differences can be observed. Yet - crucially for comparison - in all three
cases, the majority fraction of the shipments is funneled through the cross-docking facility.

Responsiveness to Change

With regards to the build-to-order transition, a key focus is the system's ability to respond to changes, or
the generic responsiveness of the logistics scheme. Here, one needs to make an important distinction
between the changes or amendments of shipping volumes, which reflect the minor changes of require-
ments by the vehicle manufacturer, and changes to the underlying "collection framework," which are ma-
jor changes in the collection routes agreed with suppliers and manufacturers. This distinction is crucial,
since the planning and routing scheduling at the logistics providers was found to mirror these levels.
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TABLE 3

Category Key Indicator Case A Case B Case C
Customer Western Vehicle Western Vehicle Japanese Vehicle
Manufacturer Manufacturer Manufacturer

Supplier No. of Suppliers collected 300 280 90
Collection from

Typical No. of Suppliers i-6 34 2-3

integrated on Collection

Runs (all Routes)

% of Direct Deliveries to 20% 40% 33%

Plant from Direct and
Milk-run Collections

The collection framework marks the backbone of the entire logistics operation between suppliers and
vehicle assembly plants. This framework essentially determines the boundaries of possible collection
times at the supplier, the anticipated volumes, the weight and volume of components, and the type of
packaging used. Based on these factors, a generic collection and delivery route and truck capacity
framework is devised. The framework forms the main input for the second level of planning - the day-to-
day route planning. This framework has to be agreed to by all players involved - suppliers, manufacturers,
and logistics service providers. The main constraint at the manufacturer commonly was found to be the
number of receiving "doors" at the assembly plants, whereas the supplier constraint is pick-up times due
to different work patterns at suppliers and vehicle manufacturers. Changes to this underlying framework
may become necessary in case of major volume fluctuations, such as due to seasonal peaks, which re-
quire an alteration of the vehicle routing.

On the operational level, the day-to-day route planning by the logistics company is a consolidation of the
component requirements of the vehicle manufacturer, and the collection and delivery framework. The
schedules sent to the logistics company by the vehicle manufacturer or by the suppliers as in case A,
showing the exact pick-up schedule are based on the requirements derived from the vehicle production
schedule. Based on this schedule, the collection framework is adjusted to fit the particular daily needs
dictated by the varying parts requirements. Inevitably, the varying vehicle build schedule will translate into
varying parts requirements and induce a degree of uncertainty and change into the collection and delivery
schedules, yet the aim is to keep these to a minimum. In particular, the delivery slots into the assembly
plants are fixed by the manufacturer. In this case, the cross-dock is often used as stock buffer to cope
with these variations.

Furthermore, the material controller in the assembly plant might cause late amendments to these sched-
ules. If, for whatever reason (e.g., line stoppages, part shortages, or production problems), the controller
decides to amend the incoming parts by delaying or expediting certain trucks, the logistics company has
to re-plan daily operations within hours of notice. Due to their short-term nature, these late amendments
are particularly damaging and often lead to load inefficiency, with one respondent of case A stating that:

“[The VM] may change the daily requirement on the morning of collection and [the 3PL] does not receive
this information."

KEY INDICATOR COMPARISON - RESPONSE LEAD-TIMES

In comparison, the three cases analyzed show significantly different abilities to react to changes (see
Table 4). case A actually receives the logistics requirements schedule from the suppliers, and not from
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the vehicle manufacturer itself. This is rather unusual, but symptomatic of the lack of integration within this
case. The relationship of the logistics company and manufacturer could best be described as "arms
length," similar to the relationship between some suppliers and manufacturers (Sako 1992). The logistics
company is merely regarded as "transportation service," called as needed, even if that involves changes
to the underlying delivery framework. In fact, one 3PL respondent stated that "[VM] wants little interaction,
and treats logistics as a commodity.” We see this behavior as the driver of inferior performance on vari-
ous accounts, as will be discussed below.

TABLE 4

KEY INDICATOR COMPARISON - RESPONSE LEAD-TIMES

Category Key Indicator Case A Case B Case C
Information Source of Information on Supplier Wehicle Vehicle
Logistics Requirements Manufacturer Manufacturer
Lead-times Response Lead-time to 1 day 2 weeks < | day
Call-off Changes
(Minor Changes) (afternoon before pick-up)
Response Lead-time to | day (possible) 2 weeks 1 month
Collection Framework
Changes

(Major Changes)

Average Delivery Lead- 11 - 28 hours 10 - 32 hours 10— 27 hours
time Range (min-max):

measured from Call-off

to Delivery into Vehicle

Assembly Plant

In Case B the process is very different. Here, it takes two weeks to change either the underlying frame-
work or the call-offs. The reason for this is largely due to the fact that (for legal and contractual reasons)
the pick-up sheets are sent weekly as paper copies to suppliers and logistics companies. Since the mail
takes time, the manufacturer does not permit any changes up to two weeks prior to collection.

In Case C, the underlying framework cannot be changed without a month's notice. This is to protect the
tightly synchronized Just-in-Time delivery scheme operated. Importantly, the logistics company is directly
linked into the vehicle manufacturer's IT systems. Thus, small changes, e.g., 10% increase or decrease in
collection volume, to the collection and delivery schedules can be made multiple times during lhe day as
required in reaction to changes in production. However, larger changes are more problematic. For exam-
ple one manager stated that for alloy wheels "if the mix changes, the sourcing changes, as steel wheels
come from Coventry [U.K.] and alloys from Belgium!"

Despite these organizational differences however, we were surprised to see that the actual lead-times
from the call-off notification of the manufacturer to delivery of the parts into the assembly plant were al-
most equal across all schemes. Each case delivers parts after 10 - 32 hours to the plants, without holding
any inventory other than in-transit stock. The ability to respond to different levels of change varies consid-
erably, yet the finding that these differences are not reflected in the operational delivery lead-times
achieved by each case is most significant. It would appear actual leadtime is less important than the re-
sponsiveness to changes. This may be attributed to two points. First the lead-time ranges are physically
limited by the geographical dispersion of suppliers (which appear consistent across the three cases de-
spite differences in total numbers). second if lead-time is held constant, it is the responsiveness that pro-
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vides benefits allowing changes to volume and mix and potentially reducing the reliance on inventory to
cope with variation.

Alignment and Integration

Inventory levels generally are a good indicator of the alignment of a system to its demand. For the in-
bound cases analyzed however, the actual inventory levels were found to be of less relevance since none
of the collection schemes formally manage any inventory, and hence do not hold any stock other than
transit inventory. In other words, the stock in the cross-docking facilities turns over at least once every
day.

Nevertheless, inventory is still present in the system, although in a different (and often hidden) form. Most
inbound schemes operate more trailers than tractors since this strategy enables them to drop a trailer and
pick up an empty one without waiting for the unloading of the full trailer. That way, the expensive tractor
and driver resources are used more efficiently. This strategy indirectly introduces inventory into the sys-
tem, since the higher the tractor-trailer ratio, the more full trailers can be stored along the process.

As a second factor of alignment, we consider the load efficiency on the "trunking" run, the delivery into the
assembly plant. We argue that the better aligned a system is, the better load efficiency it can achieve.
This was partially confirmed in our interviews which confirmed the need for reliable forward planning in-
formation as a critical enabler of load efficiency, yet also raised the issue of packaging and the use of
cardboard in particular. High variety in packaging complicates the load-building process and potentially
compromises the load efficiency. Similarly, the less rigid cardboard packaging compromises the ability to
stack containers above a certain height/weight barrier and, therefore, can reduce the load efficiency. The
use of cardboard can also be caused by the lack of empty containers (also referred to as "stillages"), forc-
ing the suppliers to use alternative means of packaging.

Thus, in order to assess the alignment and integration of the schemes into the value chain, we compared
the truck-trailer ratio, the load efficiency, and types of packaging used (see Table 5).

TABLE 5

KEY INDICATOR COMPARISON - INVENTORY, EFFICIENCY, AND PACKAGING

Category Key Indicator Case A Case B Case C
Inventory Trailer-Truck Ratio 34 2:1 2:1
Efficiency Load Efficiency (Trunking: 85% cubic 63-73% cubic 70-80% cubic
Cross-Dock to Assembly Plant)
Packaging Cardboard Content 509 25%, plus c.5%  N/A, estimated at
due to lack of ¢ 10%
emply stillages
No, of Container Sizes 277 container N/A 120 containers,
Standard vs. Non-standard types, 10% 60% standard
standard

KEY INDICATOR COMPARISON - INVENTORY, EFFICIENCY, AND PACKAGING

Comparing the three cases, we were surprised to learn that case A shows the highest average load effi-
ciencies of 85%, since one would expect that the comparatively high cardboard content and the high-
variety packaging used would lower efficiencies. Upon further investigation, we discovered that this effi-
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ciency is driven by extra trailers in the system. In order to keep operational efficiency high, case A uses
the extra trailers as a buffer. These additional trailers are stored at a trailer park adjacent to the vehicle
assembly plant, which also explains the higher truck-trailer ratio of 3:1. While load efficiency is maximized
(case A is paid on overall tons transported and is therefore incentivized to maximize load efficiency,
rather than inventory), the overall inventory cost is most likely to be greater. Our interview respondents
suggested that this extra inventory was used by the vehicle manufacturer to buffer against production
from operational disruptions.

Whereas the other two schemes operating a 2:1 trailer-truck ratio essentially have one trailer in use and
another being unloaded pre-tractor, in case A an additional fully-loaded trailer would be waiting in the
trailer park. cases B and C therefore operate near minimum inventory, which in the early days of JIT was
referred to as the "rolling warehouse," as the majority of stock is literally "on the road."

A final issue that emerges strongly from the case studies is the differences in organizational structures
between the cases. The first point to note was that cases A and B are sites that provide a consolidation
service for more than one plant for their respective customers and thus in essence have to deal with
greater interface complexity between delivery sites and pick-up points. In particular the inbound operation
of case B is part of a larger general groupage (consolidation) operation, serving multiple industries.
Therefore, personnel at the sites were required to deal with information from multiple sources and coun-
tries. In these cases, the responsibilities tended to focus purely on operational issues - with little involve-
ment with the systems of either their customers or the suppliers other than handling planning and sched-
uling data. In contrast, case C was a dedicated site, consolidating for one vehicle assembly plant. It was
evident from the interviews that site personnel were closely involved with the customer, for example in the
development of integrated IT systems. Notably, the 3PL's transport personnel in case C even had re-
sponsibility for booking in deliveries at the customer's site, using the customer's own IT system.

DISCUSSION

In this exploratory study, we have identified the current structure of three automotive inbound logistics
operations, analyzed their operational performance, and assessed their ability to respond to the demands
of greater flexibility that they are likely to face. Our research has identified managerial implications spe-
cific to the automotive industry, but also generic strategies that reach beyond the automotive industry.
These implications reflect on how the increasing demands for logistics flexibility and responsiveness in
the supply chain can be mitigated with regard to cost. The current competitive climate in the automotive
industry, with cost reductions being pre-eminent, means that any increase in flexibility is unlikely to be
supported if logistics costs are increased.

Managerial Implications

We compared the three inbound logistics schemes on a range of performance indicators. While the op-
erational benchmarks in terms of overall lead-times and load efficiencies did not show significant differ-
ences, the responsiveness to change and the level of integration into the wider supply chain did. This is a
crucial point, as current build-to-order projects at vehicle manufacturers such as BMW, (£Renault, and ()
Volvo (e.g., (PHertz, Johannsson, and de Jager 2001) all aim at a reduction of the planning period from
order receipt to start of the vehicle production to 5-8 days. Currently, an order spends on average over a
month before it reaches the factory (Holweg and Pil 2001 ). Such leadtime reduction inevitably reflects on
the call-off lead-time for components. Operationally, this would not be an issue for the inbound schemes
A and C, where daily changes are possible - as long as a minimum of 32 hours advance notice was
given. On the other hand, such general lead-time reduction would have cost implications, as a manager
of case C stated:

"[..] with [VM] wanting every supplier to [a two days call-off lead-time], we were forced to go to daily col-
lection from all suppliers, even from those where volume does not justify daily collection."

Furthermore for case B the question remains whether daily changes of the collection runs would be feasi-
ble, which would require flexibility of the underlying collection framework since the scope of daily amend-
ments might not be sufficient to cope with larger swings in demand. We would argue that the collection
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framework needs to be flexible enough to mirror changes in the assembly sequence made by the manu-
facturer, i.e., within the same 5-8 day horizon. Currently however, none of the schemes analyzed can
provide such flexibility, although case A has the ability to alter the framework on a daily basis which is
largely enabled by additional inventory buffers in the pipeline, and therefore clearly is not a sustainable
solution. Furthermore, responsiveness cannot be achieved in isolation. For example, a manager of case
C argued that:

"[VM] wants a more flexible and differential service from [their third-party logistics provider], but the prob-
lem is that negotiations with suppliers take up to a month."

A key differentiator between the cases is the level of integration. The impact of integration has been
pointed out by Gustin, Daugherty, and Stank (1995), who found that the difference between integrated
and non-integrated companies was in particular pronounced in the areas of logistics control and planning.
Previous research has shown that this is a vital component of build-to-order systems (Holweg and Pil
2001) and the implementation of related concepts such as JIT (Bensaou 1997; Wafa, Yasin, and
Swinehart 1996).

Case A can be viewed as "non integrated," typified as a "call-by-call" transportation service with one
manager stating that "[third-party logistics providers] are paid by the tonne, and this is basically a vendor
push system." case A might show the most flexible lead-times to react to either major changes, which
seems to indicate less controlled and standardized processes, yet buffers its operation by more inventory
as shown in the truck-trailer ratio.

The "semi-integrated" case B shows the least flexibility, with long response lead-times due to fixed
schedules and routes. VM schedule information is received by the logistics provider but the long lead-time
between receipt of schedules, transmission to suppliers, and collection mean that responsiveness is se-
verely limited.

By contrast case C shows the best ability to cope with short-term changes, or daily volume fluctuations
and can be seen as "fully integrated."” This is enabled by the IT integration into the manufacturer, a rigid
planning framework (which is revised on a monthly basis only) and a high degree of standardized packag-
ing, enabling accurate load planning on a daily basis.

Figure 4 shows how the inventory levels in the case C inbound pipeline between supplier and the assem-
bly line have developed over time. The case C respondents claimed that due to close integration and joint
improvement efforts the stocks have been reduced to the current level of 0.7 days. Interestingly, in the
view of the material logistics manager at this vehicle manufacturer, the continuing inventory reduction still
heralds overall quality benefits, although the direct financial savings are marginal.5

In exploring the underlying reasons for the "fully integrated" nature of case C, we argue that the vehicle
manufacturer associated with case C had the most defined BTO objectives, planning to reduce the
scheduling lead-times from two weeks to six days ("D-6 scheduling"). Hence we argue for a link between
the level of build-to-order implementation at a vehicle manufacturer, manifest by shorter schedule lead-
times, and the level of integration between manufacturers, logistics providers, and the suppliers they col-
lect from. We also find that the ability of logistics providers to provide a responsive service at an accept-
able cost is confounded by long renegotiation periods with suppliers, non-24 hour operations at suppliers’
sites, fixed delivery slots at vehicle assembly plants, and variability in packaging standards.

Generalization of Findings

The results of this study in many ways mirror the results of earlier studies into the automotive supply
chain (Hines 1994; Macbeth and Ferguson 1994; Sako 1992). Close integration and collaborative (as
opposed to adversarial) interactions facilitate shorter lead-times and cost reduction. We would argue that
greater responsiveness in the supply chain in general needs the support of relationships that emphasize
an increased level of information exchange, be it between manufacturers and suppliers or suppliers and
logistics companies, and trust (Handfield and (Z/Bechtel, 2002). Previous research into supply chains may
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have focused on the role of the component supplier. Yet, as we show, logistics is an equally important link
in this chain.

FIGURE 4

STOCK LEVELS OVER TIME IN INBOUND SCHEME, CASE C

Development of Actual Inventory, Case C
1986-1998

Days of Inventory
- ="

0.97 09073075 0.72 0.7
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Note: Figures shown also include Transit Inventory

Source: Case Company C

Furthermore, we observed an interesting relationship between the operational (short-term) flexibility, i.e.,
the ability to change collection schemes within the remits of the collection framework, and the rigidity of
this underlying collection framework, i.e. the ability to implement more drastic changes in the medium- to
long-term. We found that a very rigid collection framework seems to provide a certain planning stability
that in turn enables short-term flexibility within certain remits. This is well illustrated by comparing case C,
where the rigid framework enables tight integration and multiple daily amendments, and case A, where
the general lack of such a stability only achieves comparable operational performance by buffering the
operations. This behavior points to an interesting dichotomy, which can also be observed in manufactur-
ing. Just-in-Time (JIT) concepts are known to reduce lead-times and provide greater flexibility (e.g.,
Schonberger 1982), for example in coping with product variety (MacDuffie, Sethuraman, and Fisher
1996), yet the underlying production smoothing or "heijunka" concepts enable this flexibility by restricting
daily schedule changes to 10%. Thus, long-term stability enables flexibility in the short-term execution.

Also, we found that standardization can mitigate the adverse effects of greater responsiveness. In case
C, for example, the standardization of packaging enabled a simpler planning process and helps improve
capacity utilization. This has wider implications beyond automotive as standardization of packaging for-
mats in general will enable logistics operators to arrange their loads on transporters in a more efficient
manner. In addition, one could envision cross-industry load consolidation, enabled by standardization of
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packaging across industries, bringing about further (and to date largely unexploited) opportunities for
improving transport utilization.

Even within the automotive sector, a considerable scope for consolidation is still unexploited. For exam-
ple, Logistics Company A currently operates three major inbound schemes in the U.K., one each for vehi-
cle manufacturers X, Y, and Z (see Figure 5). As many suppliers supply not only one, but in fact two or all
three vehicle manufacturers, there is a considerable overlap of the suppliers that the logistics company
collects from. For example, 21% of the suppliers collected from supply both VM Y and Z, 11 % of all sup-
pliers even supply all three manufacturers. Yet, to date, the collections are made individually by VM, al-
beit all are performed by the same logistics company.

FIGURE 5

POTENTIAL OVERLAP OF SUPPLIER COLLECTION SCHEMES

Vehicle
Manufacturer 7.

Vehicle Vehicle
Manufacturer Y Manufacturer X

Source: Case company A

The importance of such intra-industry, multi-customer consolidation was also emphasized in the study of
automotive outbound logistics, whereby the negative effects of shorter cycle times were shown to be suc-
cessfully mitigated by an increase in shared deliveries of different brands to dealerships by single logistics
operators (Holweg and Miemczyk 2002).

Table 6 provides a classification of consolidation types found in this study, and outlines the advantages
and disadvantages of each. An important point to note is that increasing the level from dedicated links to
potentially a multi-customer, inter-industry consolidation can mitigate the costs of enhanced responsive-
ness (e.g., smaller lot size collections). There is also a penalty of increased interface complexity (between
industries, suppliers, logistics providers, and customers) and the cost of standardizing packaging and
containers.

Conclusion
We analyzed three U.K. inbound logistics schemes with regards to their current operational performance

and ability to support a build-to-order supply chain strategy. Our data suggest that operationally, on a
day-to-day basis, the flexibility current systems offer seems sufficient - provided the inbound logistics
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scheme is highly integrated into the overall supply chain process. This entails granting the logistics ser-
vice provider access to the vehicle manufacturer's planning systems, as well as building on the benefits of
collaborative relationships, mirroring research in the automotive component supply chain (Dyer 1996;
Handfield and (Z'Bechtel 2002).

TABLE 6

TYPES OF CONSOLIDATION

Type Level Description Advantage/Disadvantages
Dedicated Intra- Collection from one = Potential loss in load efficiency
industry supplier only * Flexible and responsive to change
Delivery to one
location only
Multi-plant Intra- Collection from several = Ability to achieve high load efficiency
industry suppliers and frequent deliveries
Delivery to one « Complex and rigid planning framework needed
location only
Multi- Intra- Collection from several = Ability to achieve high load efficiency and
customer industry suppliers frequent deliveries
Delivery to several » Ability to balance volume and load variations
locations within one industry
* Even more complex and rigid planning
framework needed
Multi- Inter- Collection from several » Ability to achieve high load efficiency and
customer industry suppliers frequent deliveries
Delivery to several = Ability to balance volume and load
locations variations across industry sectors

» Very complex and rigid planning framework
needed
» Increase in lead-time if two-tier collection

The rigid collection framework of case C suggests that logistics systems requiring responsiveness such
as in the case of building-to-order in any industry - should actually retain some aspects of inflexibility. By
this we mean that longer-term inflexibility of collection structure (specific suppliers at specific locations)
can allow short-term flexibility (changes in volume and mix of product collected from suppliers), enabling
responsiveness to customer demand. This rationale would apply generally where manufacturers find sig-
nificant component variation from individual suppliers linked to variation in customer demand and short
order lead-times.

With regards to the flexibility of the collection framework however, we have our concerns. Here, joint ef-
forts need to ensure that advances in lead-time reduction within the assembly plant schedule are not hin-
dered by overly inflexible collection and delivery arrangements with suppliers and logistics service provid-
ers. This may result in increased inbound logistics costs in some instances, which should be outweighed
by the wider benefits of adopting a build-to-order strategy.

In conclusion, this exploratory study provides an initial stepping stone towards understanding the complex
implications for logistics operations of this strategic transition in the automotive industry and outlines a
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range of mitigation strategies, many of which have parallels in the wider context of the supply chain. Our
study is limited by its sample size and geographical focus; future research hence should aim at expanding
the geographical focus, assessing whether the country-specific settings in the U.S., for example, can
reconfirm findings from a confined market such as the U.K.
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[Footnote]

1. incentives include direct cash incentives and better trade-in process for used vehicles, but also 0%
financing, free servicing and free specification upgrades.

2. The U.S. is the only country where stock levels are published by the manufacturers themselves (due
to a mutual agreement), whereas in Europe actual stock levels are carefully guarded.

3. Data refer to vehicle cost at "gate release," see also: Lapidus 2000; Wells and Nieuwenhuis 2001

4. Transplants are new manufacturing plants established by foreign-owned manufacturers in new mar-
kets.

5. Consider a daily production volume of 600 vehicles per day, at an average sales value of $15,000.
The ex-plant cost of a vehicle hence is ¢.$10,500, of which the component value accounts for
€.$6,900. Thus, the pipeline inventory reduction from the initial 12 days to the current 0.7 days has
resulted in annual savings of ¢.$2.8 million in capital cost. Yet a further pipeline inventory reduction of
0.1 days would result in an annual savings of ¢.$2,500 (Assumption: i = 0.06%).
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