Abstract

Manufacturing companies have faced a sustained rise in market-driven product variety, as
customization has shifted from a differentiator to a baseline expectation. To cope, many firms
adopt modular product architectures intended to reuse components and constrain internal
variety while offering high external variety. Yet the economic consequences of product variety,
especially the indirect work it triggers across engineering, planning, procurement,
documentation, and coordination, remain difficult to evaluate. A central reason is structural:
while product and part variety is introduced through changes at the component, subsystem, and
product levels, prevailing costing information is typically aggregated at the product level and
allocated through broad, volume-based keys, which obscure where and why overhead work
arises and how it propagates across the value chain.

This thesis investigates how product variety and product architectural decisions create variety-
induced costs, with emphasis on hidden overhead costs distributed across value chain steps. It
advances understanding and decision support through three linked objectives: (i) explaining
why traditional costing methods are misaligned with hierarchical product architectures, (ii)
developing a structured costing method that links product structures to variety-induced
resource consumption at multiple abstraction levels across the value chain, and (iii) evaluating
the method’s decision-support value across operating contexts.

Empirically, the thesis builds on eight studies conducted in close collaboration with Danish
industrial machinery manufacturers operating under different operating strategies (e.g.,
engineer-to-order, make-to-order, configure-to-order). Data include extensive cross-functional
interviews and analyses of enterprise systems, enabling the tracing of overhead-relevant
activities to product-structural changes.

Methodologically, the thesis develops and extends a Product Variety Costing Method (PVCM)
that integrates time-driven activity-based costing principles with hierarchical product
decomposition and an explicit product-variety logic. The core contribution is a bottom-up
allocation approach that links overhead-generating activities to the lowest feasible product-
structural level (components), then aggregates through subsystems to products and portfolios,
enabling traceability and scenario-based comparisons of product architectural alternatives.

Across cases, results show that (i) less than half of modularity- and variety-related effects
discussed in the literature are quantifiable with available industrial data, with substantial
limitations tied to data quality and traceability; (ii) the PVCM improves cost transparency and
managerial insight by revealing where variety-driven workload accumulates beyond direct
costs; and (iii) variety-induced costs are context-dependent, shaped by operating strategy and
where variety enters the value chain, implying that direct-cost-focused evaluations can be
systematically misleading in product portfolio and product architecture development decisions.



