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Paul Schönsleben1,2(B) and Manuel Rippel1

1 BWI Center for Industrial Management, ETH Zürich, Zurich, Switzerland
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Abstract. An adequate decision method plays an important role in
strategic location planning, especially for physical goods. After a break-
down of the value-added network into its natural components, this paper
uses strategic portfolios for determining the different network designs
(e.g. production, transport, distribution, service). The portfolios depend
on generic market, product and service features and fit together. The
combination of the single portfolios represents the design options of the
integral value-added network in a comprehensive way.

Keywords: Strategic management ·Value-added network design · Port-
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1 Importance of Portfolios for Strategic Planning

In practice, managers in firms like to base their strategic decisions on sim-
ple approaches that provide intuitive transparency and allow assessment of the
robustness of the solution. Portfolios correspond to such an approach. In fact,
most human beings intuitively understand logical relations if these are expressed
in two dimensions, e.g. on a piece of paper, where both the horizontal and the
vertical dimension stand for features that characterize the issue of the man-
agement task. Thus, people within and across companies can obtain a mutual
understanding that can entail a successful cooperation.

Decisions to invest in value-added networks are strategic, owing to the high
financial commitment and the long lead time until the facilities enter into oper-
ation. By using the portfolio approach, [1–3] introduce centralized and decen-
tralized production concepts. The adequate concept may differ for each product
family. To be feasible in practice, such a decision also involves the determination
of the suitable transport, distribution and service concepts. Though, in general,
authors of qualitative methods limit their discussion on one type of concept.
This paper proposes a portfolio-based approach that allows an integrated deter-
mination of value-added networks. It builds on methods for designing production
networks in [2,4], distribution networks in [5], and retail, service and transport
networks in [6]. The approach first breaks down the network into its natural com-
ponents. Then, by looking at the properties of the market, the product or the
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190 P. Schönsleben and M. Rippel

service as generic features, it is possible to combine the values of these features
to get a set of portfolios of the design options for the production, transport,
distribution and service network. This set mutually fits, that is, the combination
of the single portfolios represents the design options of the integral value-added
network.

2 Modelling of the Value-Added Network
at the Strategic Level

At the strategic level, the value-added network of the vendor has to fulfill the
requirements of the consumer. This is true for any kind of product or service,
be it for typical consumer goods such as furniture and cars or for investments
goods such as machine tool. The Fig. 1 shows the typical life-cycle phases of a
product at the consumer’s site and the classical, natural breakdown into areas of
the value-added network of the vendor for the complementing life-cycle phases
of the product.
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Fig. 1. Breakdown in areas of the value-added network of the vendor in function of the
life-cycle phases of the product at the consumer’s site.

After design, a product is produced by the vendor or his suppliers. A number
of transport processes link the different value-added steps during this life-cycle
phase of the product. Subsequently, the product is either transported directly to
the consumer or to a distribution network that finally delivers the product to the
consumer via a number of echelons and warehouses. Decentralized distribution
can include a retail network. Thereby, it is not important whether the vendor
possesses the different networks or mandates 3rd party providers for the respec-
tive tasks. During the use phase, a service network maintains the product, then
called “service object”. For this, owned or mandated transport networks pick up
and later bring the service object at/to the customer or a collection point. If the
product is used up, an adequate network will take back the product from the
consumer. As a service network generally can take back products at the end of
their use phase, there is no need for a separate network for this task.
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3 Portfolios for the Network Design in Different Areas

For each area, we explain the strategic portfolio of design options and the under-
lying conflict of aims by presenting the generic features. Due to space restriction,
the section on service network design had to be omitted. The reader is referred
to [6].

3.1 Production Network Design

As a point of departure, and in order to introduce terminology, Fig. 2, copied
from [2] (see also the adaption in [3]), shows more centralized or decentralized
design options between two (conflicting) dimensions, taking the example of a
product with four operations (or production levels) and subsequent distribution.
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Fig. 2. Features of and design options for production networks (adapted from [2,4])

Figure 2 shows two times four generic features for designing production net-
works. In the x-axis, these are (a) Customer proximity : To sell a product it
can be necessary to locate the value-adding processes close to the customers;
(b) Market specificity of products: Adapting to the market is essential for func-
tional requirements or for the appearance; (c) Customer tolerance time: After
[7], this is the time span the customer will (or can) tolerate from the date of
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the order release to delivery of the product; (d) Value density, defined as item
costs per kilo or cubic meter: Transport costs are of greater consequence if value
density is low than if value density is high.

In the y-axis, the four features are (a) Demand volatility : Items have high
demand volatility if many periods with no or very little demand are interrupted
by few periods with large demand, for example ten times higher, often with-
out recognizable regularity; (b) Supply chain vulnerability : Disruptions can arise
from either the supply chain partners or the macro-economic environment; (c)
Necessity for economies of scale: Are the manufacturing costs of the product
low enough? (d) Demand for consistent process quality : Can customer needs be
satisfied despite differing process quality? For more detailed discussion of Fig. 2,
as well as for industrial examples for the four sectors P1, P2, P3 and P4, see
[2,4].

3.2 Transportation Network Design

Figure 3, copied from [6], shows, in addition to the two classical designs (direct
or indirect transport) two possible mixed designs for the transport between
two locations L1 and L2. The four possible designs lie in a two-dimensional
space, spanned by the dimensions that correspond to two (conflicting) groups of
features.
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Fig. 3. Features of and design options for transportation networks (taken from [6])
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Figure 3 shows two times two generic features for designing transport net-
works. In the x-axis, these are (a) Size or weight of the delivery in kilos or cubic
meters: How do the suitable means of transport match up to this? (b) Possibil-
ity of using an existing transport network : Can the delivery specify a means of
transport that is already carrying deliveries between the point of dispatch and
the recipient, that is not yet at full capacity, and that has a known and fitting
timetable. In the y-axis, the two features are (a) Customer tolerance time, as
defined in Sect. 3.1; (b) Need for merged transport : To which extent delivery
will be made together with products from another manufacturer? In the case of
returns, to what extent must several products or parts thereof be sent back to
a number of manufacturers at the same time? For detailed discussion of Fig. 3,
and for industrial examples for the four sectors T1, T2, T3 and T4, see [6].

3.3 Distribution Network Design

Based on an idea in [5] and copied from [6], the portfolio in Fig. 4 shows, in
addition to the two classical designs (centralized or decentralized distribution)
two possible mixed designs. The four possible designs lie in a two-dimensional
space, spanned by the dimensions that correspond to the two (conflicting) groups
of features.
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Figure 4 shows four plus two generic features for designing distribution net-
works. In the x-axis, these are (a) Demand volatility, as defined in Sect. 3.1;
(b) Demand variety : High demand variety means that customers demand many
different products. For these products the demand volatility is mostly high as
well; (c) Value density, as defined in Sect. 3.1; (d) Customer tolerance time, as
defined in Sect. 3.1. In the case of global distribution, the delivery lead time
also includes the time required by customs procedures, which can disadvantage
centralized distribution.

In the y-axis, the two features are (a) Need for efficient returns using the
same network : Is it important that the customer be able to return goods effi-
ciently through the same distribution network and that the network be able to
handle these returns efficiently (keyword: reverse logistics)? (b) Degree of cus-
tomer involvement in picking up: To what extent are customers willing and able
to picking up the product themselves?

For more detailed discussion of Fig. 4, as well as for industrial examples for
the four sectors D1, D2, D3 and D4, see [6].

3.4 Retail Network Design

For decentralized distribution, in the first approach points of sale (POS) with a
smaller volume of goods (i.e. items and/or quantity per item) available at the
POS, can be distinguished from those with a larger volume. Copied from [6],
Fig. 5 shows the resulting design options for retail networks.

Figure 5 shows three generic features for designing retail networks. In the x-
axis, these are (a) Demand variety : as in Sect. 3.3; (b) Available time for shopping
and simultaneously capacity of an available means of transport of the customer :
For private consumers (B2C), a car has a high capacity. On foot or by bicycle,
the capacity is, in contrast, low. If time is limited, or the car is unavailable at
the appropriate time, then the purchase option is restricted to a local outlet and
limited size and weight. For B2B purchasers – depending on the transaction – a
lorry offers high capacity. A small car can then only be used to purchase items
of limited size and weight.

In the y-axis, the feature is the required geographical catchment area for the
product range on offer: This characteristic assesses the size of the catchment
area in which a “sufficient” number of customers are based, for whom the offered
product range represents a good fit in terms of product quality and price. This
assessment is carried out in consideration of purchasing power, time available
and the choice of means of transport. “Sufficient” means that the frequency of
purchases multiplied by the average value of each sale corresponds to a minimum
sale value per time unit that is required in order to make the operation of the
POS a profitable venture.

For more detailed discussion of Fig. 5, as well as for industrial examples for the
three sectors R2, R3 and R4, see [6]. If efficient returns using the same network
are possible, the distribution network can be used for taking back products at
the end of their use phase in a natural way.
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Fig. 5. Decentralized distribution: portfolio for retail network design (taken from [6]).

4 Integration of the Portfolios

An adequate design of the value-added network is decisive for customer satis-
faction, given a sufficient quality of the delivered product or service. As Fig. 6
shows for the production and the delivery process, the production, distribution,
retail (if needed), and various transport networks have to fit together in order
to achieve the goal of a satisfied customer. There are dependencies between
the design options of the different portfolios that should be considered for their
integration. Here are some examples:

As the customer tolerance time is a feature for the design of both transport
networks (see Fig. 3) as well as production and distribution networks (see Figs. 2
and 4), there are naturally close combinations when it comes to integrating the
networks. This is the case when the customer tolerance time is low in both
portfolios, or high in both portfolios. In the case of the distribution network,
this means (1) Decentralized distribution is the preferred combination for direct
transport, with the aim of reducing delivery lead time to a minimum; and (2)
Centralized distribution is the preferred combination with indirect transport,
since a short delivery lead time is not the priority and it is preferable to ensure
that the means of transport is operating at better capacity utilization levels
across the route to achieve lower transportation costs.
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Fig. 6. Interrelation between and integration of the production, transport, distribution
and retail network

However, the other combinations are also possible. (1) If the combination of
centralized distribution and direct transport is advantageous, demand is highly
varied and/or volatile. The reduced storage costs obtained from centralized ware-
housing thereby outweigh the disadvantage of a lengthier delivery lead time.
Products with high value density allow anyway to select a means of transport
that is fast enough. (2) If the combination of decentralized distribution with
indirect transport is advantageous, the ability to reduce transportation costs
or increase simplicity of a merged transport (the “in-transit merge” where the
customer receives just one complete delivery) outweigh the disadvantages of a
longer delivery lead time from the customer’s perspective.

5 Conclusions and Outlook

In addition to existing methods and techniques that generally focus but on one
kind of network design, there is a need for a method that allows an integrated
determination of the design of the production, transport, distribution, and ser-
vice network. This paper shows how a portfolio-based approach is a possible solu-
tion to this need. After a breakdown of the vendor’s value-added network into its
natural components, and using generic market and product or service features,
potential design options for each area of the value-added network were estab-
lished. The approach allows a subsequent integration: a combination of designs
of the production, distribution, service and transport networks that suits both
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the product and the targeted customer segment, and that fits well together.
At Bioforce (www.bioforce.ch or www.avogel.ca/en/) we used this approach
when integrating the recently acquired Dutch partner company. FDA/GMP and
economy-of-scale requirements lead to a centralized production of each product.
Yet, decentralized finished-good storage at both production sites speeds up the
delivery to the retail network of certain markets and allows continued deliv-
ery when issues of customs-clearance between an EU country and Switzerland
(Non-EU) arise.

Once a fitting set of value-added networks has been determined, the next
thing to do is to start, in each area, the location selection process. Here, fac-
tors like political and economic business environment, market attractiveness, or
cultural and infrastructure aspects allow a systematic selection of locations. See
here [4]. For evaluating potential business partners, techniques like social network
analysis (SNA) can be helpful.
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