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Constraint: Speed of manufacturing
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Shapeways: build-to-model of individual 
items 
• Customers place orders online:

• select or upload 3D design models website for 
manufacture

• order may consist of a number of items of the same or 
different materials

• uploaded new designs go through a printability test 

• Build-to-model manufacturing 
• two in-house 3DP factories (Europe, US)
• partial outsourcing

• Most builds in a Shapeways’ factory
• Some builds distributed to a subcontractor by sharing of 

model online

• All order items consolidated to Shapeways
facility for quality control and shipping to 
customer
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web platform
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Bi-directional and partial outsourcing

Hedenstierna, C. P. T., Disney, S. M., Eyers, D. R., Holmström, J., 
Syntetos, A. A., & Wang, X. (2019). Economies of collaboration in 
build‐to‐model operations. Journal of Operations Management.



Bi-directional and partial outsourcing



What if build-to-model was widely adopted?

• Effect on current OM?

• Effect on SCM?

• Effect on products?

Let us examine an example: Innovative heavy equipment OEM



All handling by robots, kitting over 1-2 
days into an automated warehouse

Parts positioned in kit
as specified in the
digital design model

Laser cutting to model
https://www.youtube.com/watch?v=9TjBTG-ShCQ
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Build-to-model process using laser cutters



Outcome of Build-to-model laser cutting

2D manufacturing, not 3D printing. Indicative never the less!

Direct kitting
• Produce parts to a kit directly
• Parts individually placed to pre-planned locations in a ”canoe” according to 

specifications in product model
• No use of identification schemes: all handling preplanned and specified, 

robots used for all handling in part production and kitting

1500 parts taken inhouse and make-to-model mode

Outcome: 
• No SKUs => No warehouse => No suppliers
• No product ramp-ups/ ramp downs, customization, prototyping in production



Friesike, S., Flath, C. M., Wirth, M., & Thiesse, F. (2018). Creativity and productivity in product design for 
additive manufacturing: Mechanisms and platform outcomes of remixing. Journal of Operations Management.



Direct kitting
Customized assemblyInventory of remixable

designs of parts and 

components

Design remixing and 

manufacturing

Potential business ecosystem: Remixing
designs for customized assemblies



Extended Build-to-model

Digital Product

Interact to produce a part Interact to add part to a larger 
assembly

Interact to deliver productInteract to service product

IoT interface


