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Abstract

The paper accounts for an Activity Based Costin®dCA analysis performed in a case
company — Martin Group A/S — where the object vaasupport decision-making concerning
product modularity. ABC was chosen because itéesting method that in principle takes a
total cost perspective which as it is argued in plager is a necessary perspective when
evaluating modularity. The ABC-analysis is struetliin such a way that it shows how much
higher the materials cost of the over-specified at@ised component can be compared to the
average materials cost for the product-unique corapts that it substitutes. This procedure
provides case-specific insights to the designerselver, it provides the platform for stating
three general rules of the cost efficiency of madahtion, which in combination points to
the highest profit potential of product modularisatto be where (i) commonality between
otherwise product-unique modules are high, and eHhe) volume and (iii) difference
between unit-level cost of otherwise unique modwaes low. The cost analysis presented
makes use of the activity and cost object hieraslof ABC. Two problems applying these
are identified and discussed: (i) theory providely ague recommendations concerning the
placement of the initial design costs in the ABCdelp and (ii) the product-profitability
hierarchies resulting from extended modular stmastiare more complex than described in

literature.
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1. Introduction

In general, to maintain competitiveness manufaacturcompanies aim to offer a wide
selection of products in order to meet customersidased demand for variety. However,
even though empirical results are not consistentdéison 1995:364), it is generally accepted
that increased variety, or more correctly increasederogeneity in the product mix,
negatively impacts on costs and operational peidoce (e.g. Miller & Vollman 1985;
Bankeret al. 1995; Kaplan & Cooper 1998). The company will h&wesource, produce and
sell in smaller batches and support functions Wwdlve to be expanded to accommodate
increased internal demand for activities such amrmphg, setups, documentation, etc. To
mitigate the negative effects from increased vanmeanufacturing firms may pursue process
based and/or product based strategies (Fishal. 1999). Product based strategies, which is
the topic of this paper, focus on product desigms @allow for high product variety at
reasonable cost. One such strategy is that of ragdation (e.g. Heikkil@t al. 2002). When
individual modules can be used in different enddpots the manufacturing firm can offer
variety at lower levels of component heterogenbitycombining modules and at the same
time preserve some of the benefits of mass proglucti

A review of the literature on the concept and npldtieffects of modularity, and paradigmatic
approaches to manage modularity (Jgrgensen 200éalr¢hat the concept of modularity
appears with many faces (Hansaral. 2003) and that a number of the economic benefiits o
modularization are taken for granted although thethwds applied in identifying and

assessing these consequences have something tshael or.

The task of the paper is twofold. One is to invgte the merits of the Activity Based Costing
(ABC) as a method for assessing the cost consegseoic modularization. This is done

through a case study followed by reflections on neh®BC (might) need to be developed to
be able to serve as the relevant costing tool. ather is to infer from the case study some

general rules on the cost efficiency of modulaitsat

The paper proceeds as follows: section 2 seartigefitérature on management accounting

and costing to identify those parts of the (int®rnaalue chain where cost effects of
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modularization are likely to occur. Section 3 po®s a brief introduction to ABC and section
4 accounts for the ABC case study and points ootesgeneral characteristics of situations
where modularisation is cost effective. Sectiorefiects on problems of the ABC method in
analysing the consequences of modularisation beyoeadspecific case context. Section 6

concludes the article.

2. Revenue and/or cost consequences of modularization

In order to assess the economic consequences aflanadtion it is essential to distinguish
between modularization efforts in which only coéets are necessary to analyse or whether
it is also necessary to account for differentiaeraies. Generally speaking, the consequences
of modularization can be confined to costs when ribenber of end products and their
features — in the eyes of the customer — are the s@hether produced with or without the
use (or increased use) of modules. In that redfisheret al. (1999) suggest that components
be categorized according to their influence on itah its widest sense, i.e. including the
customers’ perception of the product. The authoggseathat components having high impact
on customer-quality perceptions should have a mimnof sharing across products whereas
components with low quality-perception impact ca-band ought to be — shared across
products. In the words of Robertson & Ulrich (1998is can be explained by an inherent
trade-off between “commonality” and “distinctives&sthe higher the level of commonality
the less distinctive the products will be. As thanufacturer increases commonality to
mitigate the negative effects of increased vartlegyrisk of products cannibalizing each other
is also increased. Therefore, whether the commgnglivisible to the customer or not —
Labro (2003) suggests the terminology internal camafity (not visible) and external
commonality (visible) — becomes an essential irtputhe process of financially evaluating

and deciding on the appropriate level of commoyalit

2.1 Cost effects of modularization

The basic rationale for introducing modular progust cost reduction (and reduced time-to-
market). But as we shall see, one cannot uncomdifip infer that the net effect is a cost
reduction. In the following paragraphs three catiego effecting costs are discussed:
“economies of scale”, “inventory carrying cost” afabst of support activities” in terms of

their behaviour in a modularity regime.



2.1.1Economies of scale

There is an inherent trade-off between level ofietgroffered by a firm and achieved
economies of scale (Starr 1965). Modular produegarceived as a way to mitigate the poor
scale economies resulting from high variety as nexlor common components can be used
in several products and thus increase volume. Hewenly in the rarest of cases will the
variable cost per unit of the common module be tkaa the variable cost per unit of each of
the otherwise product-specific modules that it stldes. Actually, it is more likely that it
will be costlier than even the costliest of prodsigécific modules that it substitutes. This is
due to the necessary over-specification that allimvghe same module to be used in different
products. For total variable cost to decrease ftifiecteof over-specification has to be
outweighed by purchase discounts, lower setup ¢ddteese are handled as variable cost) or

learning curve effects.

2.1.2Inventory carrying cost

Concerning inventory cost it is argued that intrmdg modularity will decrease holding costs
as fewer parts need to be inventoried (e.g. Fishat. 1999). This is typically explained by
reduced safety stock from the increased commoné@ullier 1982), or delayed product
differentiation (Lee & Tang 1997). In an assemlol@tder production regime fewer
components need to be inventoried to accommodapecified service level (a certain lead-
time) if products are based on modules as the sammder of modules may be combined into
different products (Mirchandri & Mishra 2001). This the well-known risk-pooling
phenomenon (Eynan & Rosenblatt 1996; Thoneman &dirau 2000). However, although
the number of units inventoried can be reducedttis¢ of these units will normally be higher
and, therefore, the net effect can only be detezthin relation to a specific situation (Labro
2003).

2.1.3Cost of support activities

The third category — support activities and assedi@osts — is a complex category. It may
comprise the following subcategories from everyt pathe value chain:

» Design costs

* Procurement overhead costs

* Production overhead costs

e Quality costs



* After-sales service costs

Each of these — and more — cost categories hava bhegued to be influenced by
modularization in literature. For example, desigsts will decrease as the volume of designs
will decrease due to shifting from a number of ue@omponents to one common component
(Krishnan & Gupta 2001); production overhead cosif decrease as fewer material
handlings and setups are required (Kaplan & Co&p88B), or more generally: the number of
“transactions” (Miller & Vollman 1985) and compléxiof operations (Johnson & Kaplan
1987) will be reduced. Fishet al. (1999:299) argue that quality costs will decredse to

learning and quality improvements associated withgased volume.

Again, while it may very well be true that incredssommonality will decrease the number of
times activities in the support functions are ahllgoon, it may be equally true that the
duration and complexity of performing these suppmtivities are more costly to perform
(Labro 2003). Thus, the benefits from burdeningpsup functions less frequently may to
some extend be off-set by the increased costsobf ®gpport function burdening incidence.

2.1.4Resuming cost effects

What stands out from the above discussion is thabrder to judge the economics of
modularization we need on the cost side to adojota cost perspective, i.e. to take into

account the cost consequences along the entiegr{al} value chain.

Ishii et al. (1995) develop an expression (an equation usirggtimdices) which they argue is
capable of giving a rough estimate of the costariety. The expression is intended to be
used in the early design stage in order to evalddterent design alternatives. They argue
that variety cost can be estimated from (i) numifevariations in a given process (e.g. the
number of different colours in a painting procegs) the stage in the production process the
differentiations occur, and (iii) the effort reqedf to do change overs. Their model is further
elaborated in Martin & Ishii (1996, 1997), retaigjrhowever, the impact on cost of variety
through the three — now refined — indices (or peexi In the context of Activity Based
Costing, Martin & Ishii comment that: “In a “pert8cABC system, our index would not be

needed, but very few companies have comprehendd #ystems” (Martin & Ishii 1996:7).



3. Activity Based Costing (ABC)

The origin of ABC dates back to 1983-1984 (Kapl@83; 1984a,b; 1985a,b; 1986) although
the term “Activity-Based Costing” was not coined.yEhe origin grew out of dissatisfaction
with the dominating costing procedures at the tivariable costing and traditional full
costing, which were argued to be obsolete in modeanufacturing environments. During
1987-1992 Robin Cooper and Robert S. Kaplan vedtum® a series of “innovative actions
research cycles” (Kaplan 1998) in which ABC wasaleped. From a starting point in a
search for an improved full-cost product-cost cittan the model grew into a more full-
fledged costing system for hierarchies of actigiteand cost objects. The current state-of-the-
art of ABC is reflected in Kaplan’s and Cooper'©kdCost and Effect” (1998).

3.1Basic feature: the ABC hierarchy

A number of basic features of ABC should be noBakically it is a two-stage procedure in
which cost of resources in the first stage arecatled to activities to form Activity Cost
Pools, which in the second stage are allocatea$b abjects based on these objects’ use of
the different activities. Cost object is the geaeerm of ABC for products, services and
customers. In order to differentiate between tlfieidint allocations at the two stages the first-
stage allocation bases are termed “resource covgrslt and the second-stage bases “activity
cost drivers”. Activities and cost objects are plhcin a hierarchy to avoid arbitrary

allocations of costs. A typical hierarchy in theguct dimension is shown in figure 1.

The conception is that each level contains differactivities and that these activities in
essence are decoupled, i.e. the consumption irhigimer-level activity is unaffected by, i.e.
do not vary with, activities at the lower levels. dther words, the higher-level costs are
always common to all activities at lower levelsddherefore should not be allocated to these
lower levels. Especially the allocation of all sto the unit-level will create
misinterpretations because “when batch and proeéuet costs are divided by the number of
units produced, the mistaken impression is thatdbsts vary with the number of units”
(Cooper and Kaplan, 1991b:132).



Facility <+—— Plant management
sustaining < — Building and grounds

activities <+—— Heating and lighting

<+———— Technology
<+«—— Excess capacity
<+—— Product-group specific promotion

Product-group
sustaining

activities : ; . .
<+—— Design of line-specific packaging
< Process engineering
Product < Product specification
sustaining P Enai . h i
activities < ngineering change notices
< Product specific marketing

Setups
Material Movements

A A

Batch level

activities - Purchase orders
< Inspection
< Direct labour
Unit level < M aterials
activities - Machine costs
- Energy

Figure 1: The hierarchy of activities and expensetijch outlines the
elements of the non-volume activities into fourelev Combined and
adapted from Cooper & Kaplan (1991a) and KaplafRiobinson (1990).

Except for the most aggregate level in figure llalkls can also be thought of as forming a
hierarchy of products, and consequently common leelsinging to higher levels, e.g. product
sustaining cost of product x, should not be alleddower levels, e.g. units of product x.

3.2 Basic feature: Different types of activity cost drvers

In the allocation of costs from activities to cobjects, the activity cost drivers can be defined
at three levels of accuracy using either “transaCfi“duration” or “intensity/direct charge”

cost drivers (Cooper & Kaplan, 1991a:279; Kapla€&oper 1998:95-97). To illustrate with

batch cost using a transaction cost drivers medlnsation of these cost based on the
“number of batches”, e.g. setups, assuming impli¢hat all setups are equally resource
demanding. If this is unrealistic then durationsetup might give a better estimate of setup
cost per product provided that the cost of eadlpskbur is approximately the same. If not, it
may in certain situations be necessary to meass@urce consumption for each individual

setup, which is the most accurate driver type atad the costliest.

3.3Basic feature: Avoidability and the treatment of urused capacity

Two additional characteristics should be notedbrisher to avoid arbitrary allocation of costs
of unused capacity to cost objects only the cooedmg cost of the used part of the

resources supplied are allocated to cost objedts. distinction between used and unused

8



requires an estimate of the practical capacitynimetivity, or, alternatively, the capacity of a
resource (Kaplan & Cooper, 1998:111-130). The beoéthis procedure is — in principle —
that the calculated cost of serving any cost obgttdependent of the capacity utilization of
the current period. Finally one should be awareé &BC’s allocation of overheads cost to
cost objects are taking place even when the ressusice shared by the cost objects and
whether or not these cost are avoidable shouldctis¢ object be removed/given up. The
consequence of these two characteristics is teaABC information cannot directly serve as
decision-making information in terms of bottom-linénancial consequences of
removing/expanding parts of or whole arrays of piatsl or customers. However, it will serve

as attention directing.

In strategic activity based management ABC has hesed for a variety of purposes, e.g.
assessment of product-line and customer mix, seippind customer relationships, market
segmentation and distribution channel configuratibm some extent it has also been used in
product design documented in Harvard Business 3dases (Cooper & Turney, 1988a,b;
Kaplan 1992, 1995) and in a few articles, e.g. Ne€aucuzza (1995), and in a related area,
total cost of ownership, Ittner & Carr (1992). Howee in this paper we look for an
alternative way of communicating the outcome of AR@lculations, and to identify

prerequisites for these calculations to be valid.

4. Case: The ABC trial at Martin Group A/S

The company has three product lines: intelligegiiting, smoke, and sound. The intelligent
lighting business is relatively young, and the cesmpany has been an important player in
the creation and development of the market sirstért in 1989. With a variety of products
within each product line the company serves thregket segments, namely DJ & Club,
Stage & Studio, and Architectural (internal andeemal). Its major geographical markets are
countries in Europe and North America. The compza/experienced a high growth since its
start with a turnover today around 900 million DK&rowth is expected to continue and

about 30% of future revenues are expected to coone fiew products.

4.1 The product context of the case study

The products are mechatronic products, i.e. a maxd electronics, software and mechanical

technologies. Future products need more sophistidategration of these technologies and a
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shorter time-to-market. Technologies such as L@idis and other forms of digital
displaying technologies, wireless communicatio anhanced integration of electronics into
complete multi-functional units (chips etc.) aré iahportant examples. Likewise, optical
technology will become even more important in teeelopment of leading-edge products as

the core of the product purpose is “giving light”.

A product family is created through configuratidrassembly modules. An assembly module
is defined as a sub-assembly that is used in tia dissembly process. The assembly modules
can thus be assembled by external producers asasvéile internal module assembly groups.
This is a purely physical understanding of the ndesluand essentially following the
conceptions of production modules of Pahl & Beit296) and assembly modules of Otto &
Wood (2001). The product family analyzed in thisecas depicted in figure 2. The ABC
analysis is focused on the pan assembly module.

Part-of structure Kind-of structure
Moving head family | Pan assembly module
Head unit
' H Head unit — Pan#1
— Pan #2
H Arm unit
— Pan #3
i L Base unit
Arm unit [ pan #4
1 8 L Pan #5
Base unit :
— Base chassi$ { Pan #6
= Ect.

Figure 2: The product family analyzed in the casa so-calledmoving head”. The base unit consists
of several assembly modules. The product familyshagifferent variants of the pan assembly module.

The ABC trial was part of a project contemplatihg technical feasibility and the financial
viability of reducing the number of modules in twadated product lines. The current structure
and the contemplated new family structure withghbar degree of commonality are shown in
figure 3 which depicts the differences in the usenodules across the end products (external
variants, 11) in the current structure (marked wi}tand the contemplated structure (marked
with 0).
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Example of modulereduction for Mac 500/600

Reuse degree (#external variants)

[ e e e e L L A e e e s e e B e e A 0 ML A e

— < N~ o (92] © (9] N o] o8] — g ©o
— — — — N N N [o0] (32} < < <

Modules

Figure 3: An overview of the commonality degre¢hef assembly modules.
The two lines illustrate the present situation anscenario with an improved
commonality.

It shows, for example, that the product family oradly used 6 (totally) end-product-unique
modules and only two totally common modules, whieas changed to only one unique
module and 6 totally common modules within a tstalicture of modules reduced from 45 to
24. The contemplated changes are of an interremiacter (Labro 2003) and therefore not
visible to the customer. Thus, there is no riskcahnibalization and therefore no revenue

effect to account for.

4.2 The cost analysis performed

As a starting point a cost structure suitable for ABC product-hierarchy analysis was
outlined. In addition to the traditional ABC cateigs inventory cost were added whereas
facility sustaining cost — not affected by the coomality assessments — were left out. In

principle this gave the following five cost cateigst
» Direct materials costs

* Volume/unit related activity costs

» Batch related activity costs

* Product sustaining activity costs, which are ctis& are neither unit nor batch related but

on the other hand still related to the specific porment, module, variant or family

* Inventory costs, i.e. costs associated with hawanginventory (holding costs, space,

heating etc). These are not included in any ofth®ve activities

11



All five categories are affected by the degree ofmmonality/variety. Figure 4 is an
illustration of the structure of the ABC model foosting modules at Martin. In the ABC
literature direct cost is a subcategory of unielevost (cf. figure 1). In this application,
however, it was decided to separate direct mateost from the activity cost at the unit level
due to the conceptually different behaviour in terof divisibility and avoidability of these
cost categories. Furthermore, it is also indicatefthure 4 which categories were expected to
contribute the most to the cost differences, amngée primary and secondary areas

respectively.

Secondary interest { Direct material costs

Activity - volume
} Analysis method:

Activity - batch
Activity Based Costing

at variety analysis

Primary interest at . L
_ ) Activity - sustaining
variety analysis
Inventory costs

Total costs (DKK/year)

Figure 4: The cost structure applied in the Martizse.

In the specific example, a pan module can potéyted reduced from six unique modules to
one common module, termed “multi-module”. The neultrmodule is an alternative design
and thus no historical data is obtainable. In #iigation, two approaches to the total cost
comparison can be identified:

* One is to estimate the material and assembly dogsration time) of the new multi-
module and then execute the calculation with trestemates. This approach needs, as a
minimum, a conceptual outline of the replacing mulbdule, which would normally
involve input from the product development departtmand often external component
suppliers too. If the cost comparison is goingriolude internal and external scale and
learning curve effects this approach is necessary.

* Another approach is to exclude an explicit calcatabf the materials and assembly costs
of the new multi-module and alternatively calculatev much these cost items are allowed
to increase to break even with the average cagteo$ame items for the six modules being

substituted. Consequently, the outcome is an estimaf a yearly cost reduction from the
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changed inventory profile and activities at thechaand sustaining levels. The approach
has the advantage of not needing the product dewelot department to articulate a new
multi-module design concept as an input to theuaton. The estimate can subsequently
be used in product development as the maximum atloswst increase to cover a potential
over-specification of the multi-module resulting increased materials cost and/or
increased assembly costs. This approach is belipvefitrable in the early stages of

scanning the product portfolio for cost reductiatgmtials through modularization.

In this case, the latter approach is chosen. Thearlysis structure provided in figure 5
illustrates the calculation principle used.

Total,
Costs Module 1 © Module 2 . Module .... Module n| unique Common Difference
modules module

Direct material
Volume/units
Batch
Sustaining
Inventory
Total cost
Savings
potential

Figure 5: lllustration of the comparison of estiradttotal costs of two design alternatives, one thase
on “n” unique modules, and the other based on a@respecified common alternative.

The sum of the differences between the cost itews Batch to Inventory in the Unique
Modules and Common module columns, respectivelysiitutes the Savings potential in the
Common module project regarding those cost itemd, @& the same time the maximum
allowable increase in unit level cost (in this caseect material cost and volume related

activity cost, i.e. assembly) to off-set potentiasts of over-specification.
Figure 6 depicts a departmental-named materialg #b Martin and indicates a number of

support departments, e.g. planning, productionrigcie, etc. The departments written in

bolded letters are the ones included in the agtoost analysis.
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Etc. |
Service dept. |
Purchasing dept. |

Production technique and quality dept. |

Planning department

U

Components Module

Final
Metal & Assembly Assembly Distribution
Electronics

Figure 6: The materials flow and support departnsesit Martin Group. The departments
written in bolded letters are included in the refgar ABC study.

The figure illustrates that the different suppagpdrtments provides services for all primary

function of which the ABC-analysis only deals wille Module Assembly.

The details of the ABC study are as follows:

4.2.1From resources to activities

In the allocation of resource costs to activities) situations were separated: the allocation of
salaries and other costs related to salaried eraptoywhite-collar workers in the support
departments), and the allocation of costs relategiroduction and assembly departments

(wages of blue-collar workers and machine costs).

4.2.1.1Allocation of resources for staff functions (sagariemployees)

For the departments using salaried employees tlsec lmssumption is that there is no
significant increase in accuracy using the emplsyaadividual salary as opposed to the
average salary in the departments involved. The estodariation of salaries and the

homogeneous nature of the working conditions fofargd employees make this

simplification acceptable in this specific analysi$ius the resource cost driver “number of
salaried employees” is used in allocating salatee®ach department. Most of the other
resource costs connected to these departmentgqeligment (PC’s), rent and training costs
(cf. figure 7), are allocated using the same resouwost driver, “number of salaried

employees”. However, travel costs are traced dyéatdepartments inasmuch as it is already
reflected in the chart of accounts of the company.

14



In the delimitation of activity centres, departnmgenio include in the analysis the point of
origin was the company’s organization chart. Thévag centres included, focusing on
assembly, are “production technique and suppodtafity”, “planning”, “purchasing”, and

“service”, which are all departments normally imoarated in “overhead departments” to
assembly and production departments. Other depatsnage also — in principal — influenced

by the degree of commonality but in this study cursidered significant.

The allocation of cost from activity centres toiates within these centres is based on
interviews that captured the percentages of timeotdel to each activity and costs are

allocated proportionally. Activities names are slbbown in figure 7 but appear in figure 9.

Q : a

g 2 U‘,S

<) 8° 29 3 Costs elements
ga £ = 82 S as found in the
o 2 Pan s E < g 2 5 accounting
g2 = o5 £9 Sc 3 system
22 © h = TS S 'c L

=3 o 53 xS o s =

Average salary: \\ X ' / \

350.000 DKK/year

12 m*/employee Number of salaried )
1000 DKK/m?/year employees Direct
10.000 DKK/employee to allocation
office equipment,
telephone, etc.

Departments

Production Service Plannin etc
technique 9
Percentage
distribution of the
total resource-pool to | ACUVIW ACthlty ACthlty

the different activities

Sustalnlng ! Batch ! Volume ! Products/

Customers/
Cost objects Company

Figure 7: The allocation of resource costs in staffctions
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4.2.1.2Allocation of resources directly engaged in productand assembly

In the production and assembly resource-costs tabe allocated to the specific activities
performed. The initial identification of activityeatres within the production and assembly

departments (from print production to assembly) lzased on the already existing structure

within the organization.
As an example of the resource cost allocation,abeembly activity centre is illustrated in

Figure 8.

Rent, etc
Assembly
equipment
(depreciation)
equipment
maintenance

prd

—

/ ’
\ Assembly
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time (min)
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Figure 8: The resource distribution for manual asddy.

The identification of the activities within each thiese activity centres has to be sufficiently

detailed. The activity catalogue has to capturaralyer of activity differences:

» It should capture the distinction between prodund @ustomer-related activities since
some departments have both. Thus it is necessadgmtify customer related activities in
the design of the ABC analysis in order to avoidihgthese costs allocated to products.

« The other product segments and assembly departniratdically all activity centres were
addressing two product segments — “low” and “higbfnplex products — during the period
of analysis. Awareness of these differences is napb inasmuch as it affects the centres

differently. For example, the resources per MRPeomdithin the two segments are the
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same, whereas the quality department is differengghe amount of resources dedicated
to each, which has to be taken into account ine¢keurce allocation.

» The hierarchy of activities, i.e. unit, batch andtaining activities.

The outcome of the first step is thus the allocatod cost of resources to the individual

activity centres and activities within these cestre

4.2.2From activities to cost objects

Having identified the cost of resources and thateel activities, the next step is to allocate the
activity costs to the cost objects using activigstcdrivers, where each activity is given a
separate driver in order to allocate the activibgts to cost objects. These drivers can, as
mentioned previously, be either a transaction, ttwaor a direct charge driver providing
different degrees of accuracy. Since this ABC-studys the first in the company it was
deemed important to have simple, readily understialedand readily retrievable activity cost
drivers. Thus standard production information wssdu For example, the unit-related drivers
are mainly based on “operation time” (i.e. numb&minutes), a duration driver, and the
batch-drivers are based on “number of MRP ordesstransaction driver, as both are
available and generally accepted to capture théerdiices in resource consumption.
Concerning the sustaining activities, adequate dosgers that will reflect the causality from
the cost object are more complex to identify anfficdilt to obtain. For example, there is
presently no systematized information or data actdation during ramp-up and introduction
of new modules or end products. One possible &gtoost driver was “number of product
changes” (a transaction driver) identified by thheduction technicians during ramp-up, in
which case the company actually has a formal dootintéowever, usage of these formal
documents varies among the technicians and is gignenot believed to be a reliable source
for the resources devoted during ramp-up. In thalyars “number of item numbers” (a
transaction driver) is chosen as a proxy to agbesgroduct sustaining costs.

Another issue common to all activity centres, andjemeral ABC consideration, is the
guestion of excess or unused capacity. HowevehdarnViodule Assembly department of the
company the work processes are very labour intensith limited investment in equipment

and consequently left out in the cost of excesaa#pcalculation.
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4.3 Outcome: Total cost differences between design altetives

In the following subsections the numerical resulittee cost analysis is provided and the
limitations of the calculation discussed. This givise to identification of three dimensions in
a search strategy for identifying a potentiallytcefficient modularization programme beyond
the case company. Finally we discuss the prerdggifor cost savings to materialize into

bottom-line increases.

4.3.1Activity costs and the Bill of Activities (BOA)

The documentation of the ABC analysis can be dorterms of a cost sheet that describes the
cost of the Bill of Activities, BOA. For each casject it is possible to document the analysis
in a simple and readily understandable form viaB@A of the specific cost object. In the
analysis the result is formalized in a BOA for thesembly module. In the following
evaluation of the total cost, the cost data of ezicthe assembly modules are based on the
same BOA. As an example of a BOA, figure 9 provides for pan 1, which is one of the six
product-unique components, possibly to be subettuty one common module, multi-
module. From such an overview, the information ireally accessible, and thus subject of

discussion and general evaluation of quality aridiig

Item: Panl Iltem#: 5521XXXX
Activity Activity Activity type Cost driver Driver rate #driver Total %
centre rates (DKK/year)
Production Support and Sustaining Number of 9,350 DKK 1 9,350 7%
technique problem solving, items
and quality MOST analysis
Service Documentation, Sustaining Number of 482 DKK 1 482 0,4%
(Aarhus) website and items
manuals
Planning Planning and Batch Number of 25 DKK 34 850 1%
scheduling orders
Foremen Support from Sustaining Number of 1,950 DKK 1 1950 2%
foremen items
Assembly Direct assembly Volume/units | Operation 3,08 DKK 32528 100,186 78%
time
(minutes)
Material Volume/units | Operation 0,16 DKK 32528 5,204 4%
distribution time
(minutes)
Setup/ Batch Number of 299 DKK 34 10,166 8%
changeover orders
Total 128,188 100%

Figure 9: Example of the cost of BOA, Pan 1. Theemme of the ABC analysis as depicted in
figure 7 for the salaried employees and figure B tfte assembly are merged. The salaried
employees constitute the first four activity cemiwéthe BOA
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Total costing using ABC is obtained by costing egathvant object via the BOA. As such the
costing process is repeated for each assembly mdidaad is included in the design evaluation.

4.3.2Inventory costs

One of the assumptions is that variety reductialuces inventory costs. However, inventory
level interacts with the order policy (the lot-simedel applied) and the safety stock level
wanted.

In a scenario including parts economics, e.g. ailkd model with economic order quantity
(EOQ), the effect of commonality improvements oweintory level can be determined via the
changed conditions of setup and holding costs,thad obtaining a new optimal inventory
level. However, a limitation of the EOQ model isaththe model is intended for a single
product context and not a group of products. Thelehcs neglecting that setup cost might
depend on the sequencing of products. Having apgadunearly similar assembly modules
such as the six unique assembly modules would praisly constitute a limited changeover
compared to a changeover between different typassgmbly module.

The order policy in the case company is lot-for{bFL), and thus no parts economics is
included. How do we then assess the influence fimreased commonalty on the level of
inventory? In the calculation the number of ordersthe multi-module is set to the same as
the highest volume of the currently unique six meduwhich in this case is pan #5 with 39
orders per year.

The safety stock level constitutes the other plath® inventory discussion. Safety stock level
and commonality is directly related. Collier (19823s shown that safety stock for the
common module (@) equals the total sum of the safety stock levedaxth unique module

(2 Sunique divided by the square root of a commonality inéotor (C), i.e. fuii = 22(Sunique
/ VC. This commonality factor is exemplified in Figul®.

IE5EDE TR

=1 C=6

Figure 10: The commonality index factor as defibgdCollier (1982). In the given
example of having six assembly modules with nceransindex C=1 is obtained.
Having the maximum commonality an index of C=aéxample is obtained.
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In the calculation, the interest rate is set at 185%d a one-week safety stock. Thus the
inventory cost is estimated as: (yearly demand/52# yearly demand/number of orders/2) *
(material costs + direct assembly costs) * 15%. mantioned above we are ultimately
looking for the maximum allowable increase in ueitel cost (in this case comprised of
direct materials and volume/units cost items) far hew multi-module to break even with the
current module structure (through savings in bagcistaining and inventory cost). Therefore,
interest on inventory for the new multi-module =ually to be found through an iterative
procedure. To make it simpler the calculation penied use as materials and direct assembly

cost the costliest of the six unique modules inftmmula above.

4.3.3Total cost scheme
Thus the total range of activity and inventory sdsas been established. The outcome can be

depicted as shown in figure 11.

Module 1 Module 2 Module 3 Module 4 Module 5 Modules Total, Common Difference
unique module
modules
Direct material
Volume/units 106 (79) 14 (45) 29 (60 4 (19) 154 (83) 36 (61) 343 (72) 343 (91
Batch 11 (8) 4 (13) 5 (11 4 (20) 13 (7))  1a6) 47 (10) 13 @3 3
Sustaining 12 (9 12 (38) 12 (24 12 (60) 12 (6) 12 (20) 72 (15) 12 (3 6
Inventory 5 4 1 4 2 (5 03 (2 7 4) 2(3) 18 (4) 10 (3 g
Total cost 134 (100) | 31 (100) 48 (100 20 (106) 186 (1G0) B} 478 (100) 378 (100 100
f:i‘t’ings potential per | 478 400-378.000)/6.600 = 15 DKK/unit 15

Figure 11: Comparison of estimated cost of the tl@sign alternatives and calculation of potential
savings excluding direct materials castgearly volume is estimated to 6,600 units.

The savings potential is found to be 15 DKK/unhisTmeans that costs of direct material and
assembly activities may be 15 DKK higher for theltrmmodule compared to the average cost
of those cost items of the unique modules. In othends, this is the amount allowable for a

potential over-specification of the assembly modigdex necessary means of reducing variety.

As can be seen in the figure a zero-differenceded to the analyses in the volume/units
row. This is a purely case-specific resulhich is explained by the fact that there is pcadity

no variation in assembly time between the six curmenique modules and therefore the
volume/units related cost is believed to be a gestdnate for the new multi-module too. All

allowable cost increases are consequently asctipedaterials cost. Thus, in the example,
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direct material cost of the common module can loeemsed by 15 DKK per unit above the
average direct materials cost of the product-uniouelules without jeopardizing the total

cost efficiency. This amounts to approximately 3Rthe present materials costs.

A number of features of the cost calculation shdagdhoted:

* The analysis yields (at least) two insights:

0 Volume is paramount to multi-module profitabilit91% of the allocated costs are
volume-driven.

o About 2/3 (DKK 60,000) of the reduction in activitpsts stems from the sustaining
area and a little less than 1/3 (DKK 34,000) frdm teduction of batches. Only a
minor part of the cost reduction flows form invemtaosts (DKK 8,000). Below, we
will comment on the likelihood of these cost sagingaterializing into savings in
spending.

e The calculation has not taken into account the obsteveloping the new multi-module,
only the yearly “sustaining part” is included. Imporating the development cost will at
first glance reduce the amount that the materiadt are allowed to rise, but on the other
hand, these development costs are of an investomanacter and to be “written off” over
the lifespan of the module, say 3-5 years, whicleadt reduces its face value of influence
to 33% to 20% with yearly volume unchanged. Furtiee, we have not taken into
account the development cost of the six unique riesdio be substituted for the simple
reason that these costs are sunk. On the otherihdahd more general case, where neither
the six product-unique modules, nor the common imuitdule have been developed,
R&D cost of the “common” should be weighed agathst sum of R&D costs for all the
unique modules.

» It should also be noted that no learning curvect$fdhave been incorporated. It follows
from the calculation procedure where the processdj as mentioned above, are based on
the current time used in the most time consuminghefunique modules. In case all six
product-specific modules had the same yearly voltimeepotential learning curve effect
would be six time as fast per calendar period witbommon module. However, in the
actual case these effects are deemed small amyhiiinsant.

* No learning curve effects in production up-streand @alown-stream from the Module
Assembly (i.e. Components; Metals & Electronics &mgial Assembly, respectively, cf.
figure 6) are included either. The reason is afaah these effects are deemed negligible in
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the particular case. On the other hand, the redbeéch and sustaining costs both up-
stream and down-stream ought to be taken into atdoua more elaborate calculation of
the total cost effects.

« Finally, the calculation assumes that the frequeany cost per update of the multi
component — as expressed in the sustaining codtisoEomponent — is the same as for
each of the unique components. This is impliciuging a transaction driver to calculate
“product sustaining costs”. This is probably nadligtic both because the update is more
complex (more costly per update), but also becansemight expect a higher frequency of
updates and corrective rework, i.e. lower than swen of updates of the unique

components but higher than the individual produgttue component updates.

Three general characteristics of cost efficiencyioternal) modularization can be deduced

from the example:

 The more types of product-unique modules the commmmdule substitutes (in the
example there are six) the more likely it is thawill be profitable to implement the use of
the common module. It follows from the fact that tmore product-unique modules
substituted the more savings we potentially havthatsustaining and batch levels and to
some extend also at the level of inventory costée@s the increase in cost of stocked units
offsets the decrease in the amount of stocked wwiich, however, will have to be
curtailed by volume discounts on direct materiald anit level costs due to learning curve
effects).

* The less the total number of units the common nedull substitute the higher the unit-
level costs of the common module can be in comparie the average unit-level cost of
all the product-unique modules being substitutdte fieason is that the cost of sustaining,
setting up and safety stocking the uniqgue moduliis situation is higher expressed per
unit.

» The bigger the difference of unit-level cost amdhg product-unique modules the less
likely it is that the least costly of the productigue modules will be part of the group of
modules to be substituted. Alternatively, that tiostliest of products in the group is
discarded from the group. This follows from ourwaption that the common module will
be at least as costly as the costliest of prodocjue modules that it substitutes. Hence,
for the least costly uniqgue module the increastal variable cost will outweigh the cost
savings (obtainable at this module’s sustainingctba@and inventory level) sooner. This
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effect will occur more often the larger the voluwfethe product-unique module. This in
turn means that the higher the variance in uniélleost among the types of product-
unique modules the less likely — ceteris paribuss -the overall profitability of the

modularization strategy.

Combining these general characteristics, a cubebeadrawn to illustrate the segment of a
portfolio that may show the highest, or the lowpstential for profitable modularization

efforts, cf. figure 12:

Highest profit potential segment

Lowest profit potential segment

High //A -
: .‘_::;.',:-". '.‘:::::'_Z:... /
o High
Low _ . _
Low Difference in unit
level costs among
Low High uniqgue modules

Volume, uniqgue modules

Figure 12: Segmenting product portfolio in termsdentifying profitable modularization potential.

The cube highlights that the highest (lowest) prpbtential of product modularisation is
where (i) commonality between otherwise producgueimodules are high (low), and where
(i) volume and (iii) difference between unit-levabdst of otherwise unique modules are low
(high).

4.3.4Avoidability and divisibility of resources

When we take the calculations at face value, aftmvalhe materials costs of the multi-
module to be up to 15 DKK higher than the averaggenmls costs of using the specific
modules, this rests on either of two conditionstHat the difference in costs at the sustaining,

batch and inventory levels in the two modular strees will materialize into the same
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amount of savings in spending, since it is thetatiat brings about the bottom-line effect. Or

(i) that the resources freed up can be redeplayether profitable activities.

The situation referred to by condition (i) dematits the resources are avoidable and for that
to be met the divisibility of the resources mustaba level where separable resource units is
at least the size of (as small as) that part oféiseurce one wants to dispose. In addition we
have to assume that management are willing to itled go of these resources, mainly
manpower. Especially the divisibility assumptiorrasely fulfiled when only minor changes
to the modular structure are contemplated since dfien entails only fractions of resource
units. Low degrees of avoidability and divisibiligye characterizing the very situation in the
case calculated. Thus, the case company needsea miodularization programme to meet
condition (i). On the other hand, as pointed ouivah this lowers the change of the whole
modular strategy to be cost efficient due to tlreeeased likelihood of higher variance in unit-
level costs. — But also pulls towards higher po&tiftmore uniqgue modules are substituted.

For condition (i) to be met, the company must beirfg an increasing demand for its
products, or alternatively be able to utilize cafyam other ways (e.g. insourcing activities,
R&D activities, subcontracting, etc.). As long bistis the case the degree of avoidability and
divisibility of resources does not enter the pietufhis is the situation in the case company

where resources freed up can relative easily bgeq in other activities.

5. Problems with ABC beyond the case application

This section points out two potential problems gsiBC in costing modularity which is not
addressed in the case. The first addresses thdingod R&D cost within the ABC model,
and the second discuss the added complexity ofuptgatofitability descriptions when the

degree of modularization is extended.

5.1 Placement of R&D cost in ABC

The ABC model includes all cost with the exceptmicost of unused resources (already
discussed in section 3.3 and 4.2.2) and cost of R&Rompletely new products (Cooper and
Kaplan 1988b:101-102; Kaplan 1988:65). However,idea is still to include R&D cost used
on existing products and product lines. This brings about tyuestions: (i) how is the
discretely different R&D costs separated in theternof modularization; and (ii) if not
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included in ABC how can they be taken into accaanthe decision of whether or not to

pursue modularization?

Question (i) is not straightforward to handle withe “simple” criterion given in ABC.
Modularization in essence defines a wider scoperofluct development activities than
simple one-off projects, and also in some instamcegs across product lines/families (e.g. a
common chassis across VW, Audi etc.) for which seast seems to become contingent on
the specific situation whether or not R&D cost ugednodularizations projects are included
in the ABC analysis.

Whether or not included in ABC management has ke the R&D cost into account in
deciding on the direction and level of modulariaati This relates to question (ii). Figure 13
in principle illustrates that both short term caesihsequences (operational level) and long
term cost consequences (investment level) of modalzon may potentially be contributing
to either a decrease or an increase in total ctrsgsrinciple it is all weighted together in a
capital budgeting exercise where one compare tge afoa modular versus a non-modular
product structure within the planning horizon. Tisisof course, much easier said than done.
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ABC system Investments in the future
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Figure 13: A conceptual framing of the levels adde-offs involved in the
evaluation of total cost impacts of commonalityrajes.

Garud & Kumaraswamy (1993, 1995) in their framingd adiscussion of the concept of
“economies of substitution” point to a number ofeefs to take into account. According to
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these authors “economies of substitution exists nwiige cost of designing a higher
performance system through the partial retentioexa$ting components, is lower than the
cost of designing the system afresh” (Garud & Kumsamamy 1993:362), and ague that
modularization is essential for realization of #esconomies. The main benefit from
modularization is that “modularization minimizesripemance problems via limiting the
incorporation costs from incompatibility to onlyode issues that were not anticipated while
designing the standard interfaces” (Garud & Kumaessy 1995:96). On the other hand,
modularization efforts are not free, and especitlhge groups of activity cost will normally
increase: (i) initial design cost, which might be three to ten times higher compared to
designing an object for one-time use only (GaruKd&maraswamy 1995, citing Balda &
Gustafson 1990 and Kain 1994), (ii) testing coshiclw are typically higher for reusable
modules compared to one-off components, and f(iicydased search cost caused by the
increased difficulty for designers to locate redsabodules. Also, one should be aware of
“strategic” cost types that may be associated witddularity, e.g. path dependant innovation
(Henderson & Clark 1990), or lower rate of innowat{Hauser 2001).

5.2 Description of product profitability with products of modular structure

Following the idea of the ABC hierarchy the anaysf product profitability also becomes
hierarchical. This means refraining from allocatoagsts which are common to a number of
cost objects (modules or products) among thesectbjény allocation method (based on
revenue, number of units, direct labor hours escbpound to be arbitrary insofar as there is no
cause and effect relation between the costs andljeets. Instead one should summate the
contributions from all the relevant products andiwt# the common cost as an aggregate
figure. Figure 14 illustrates the two opposite @uhares.

Company sustaining

activities A
Product line (family)
sustaining activities
Arbitrary allocation of Margin hierarchy analysis
higher level cost to Product sustaining subtracting cost at each level from
lower levels activities product revenue
Batch level activities
v Unit-level activities «—— Product revenue

(volume x price)

Figure 14: lllustration of arbitrary allocation vewus hierarchical
contribution margin analysis in situations with raechies of activities.
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The arbitrary allocation in figure 14 occurs whagher-level costs are allocated to lower
levels, for example, when batch costs are dividethb number of units in the batch and then

added to the unit level costs. The same can be aoalelevels, but this will all be arbitrary.

The margin analysis starts from the unit level. Bpproach is first to subtract from the
revenue of each product unit the corresponding laviel costs and then aggregate the
resulting margins across all products in the bag&écondly, the batch level expenses are
subtracted from the aggregate unit level margid, smon and so forth. The outcome is that
each product unit/product batch/product/productugr¢family), and the whole plant has a

related margin.

Addressing the presented profitability hierarchybwa modular structure in mind it can be
seen that the batch cost and sustaining cost otile@aan be placed only at the product- or
product-family level which contairall products using the module. Therefore, when we have
an extended modular structure most of the batch sarsflaining cost are placed at very
aggregate levels in the profitability analysis. RkVd& normal cost structure this means that
most of the individual products in the product lim@l show a positive margin which,
however, does not prevent the total product-lineuio with a deficit. At first glance this
seems strange but is actually a correct signal.ddugsion of management becomes more a
matter of keeping or skipping the whole productliand not the individual product in the
line. Dropping one or more of these (with positmargins at the product level), which one
would be inclined to do had we allocated the cdsie(to negative “profits” after arbitrary

allocations), will actually deteriorate total prafbility.

6. Conclusion and the need for further research

The paper accounts for an Activity Based Cost (AB&)eriment in a case company — Martin
Group A/S — to support decision-making concerningdpct modularity. The cost analysis
pursued makes use of ABC’s activity and cost obijgetarchies but the outcome of ABC-
analysis is communicated as “unit-level” information terms of the maximum allowable
increase in cost of materials for the over-spedifpjetential common module compared to the
average materials cost for the substituted prodoijue modules. This information is

instrumental in providing quick and easy-to-undamngtinsights to designers and can easily be
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expanded to encompass all unit-level costs. Howereriders of this information should be
aware of the prerequisites for these data to levaek, which are that freed-up resources can
be either taken out of the organization or redepioyn other profitable activities. The
fulfilment of these prerequisites should be weiglhgdtop management before use of the
calculations procedure is released for decentdlise in the organization to avoid distorted
calculations.

If the prerequisites are satisfied, and if in additit is assumed that an over-specified
common module is at least as costly as the costtiesnodules that it will be able to
substitute, the paper identifies that the mostitaiote modularisation efforts can be put where
commonality between otherwise product-unique madalee high, and where volume and
difference between unit-level cost of otherwisequiei modules are low.

The paper also points to two areas where cautiauldhbe exercised in using ABC in
assessing the economics of modularisation. R&D obstieveloping the initial common
module is a common cost to all units and all peximdwhich the module is put to use. Thus,
these costs are of an investment character andnndll“calendar-based” system as ABC be
difficult to incorporated without arbitrary allogans to periods and/or products. In addition, it
is argued that the product-profitability hierarchresulting from extended modular structures
are more complex than described in literature. Thimainly because sustaining costs of more
common modules will only appear at very aggregateels, i.e. above the level of the
individual products, in non-arbitrary cost assigmtseand this placement is essential to avoid
distorted information.

In the specific case the material costs of the commodule were only allowed to increase
by 3 percent of present materials cost. This i$ytau limited cost reduction, not least
considering that the most costly of the unique nheslbas a direct material cost of 450 DKK.
Thus, the outlined modularization plan is not vat#ven though it looked promising from a
technical point of view — cf. figure 3 — the prdjas unprofitable. This result provides
tentative support to the existence ahadularity paradoxuggested by Jgrgensen (2004) as a
parallel to Skinner's (198)roductivity paradoxwhich relates to the process-based strategy
to mitigate the negative effect from increasedetgr{Fisher et al. 1999). We suspect that the
same type of phenomenon is apparent in the prduhssd strategy of modularization. More
research is needed in this area.
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