
This book deals with re-manufac-
turing, recondition, reuse and repur-
pose considered as winning strategies
for boosting regenerative circular e-
conomy in the building sector. It pre-
sents many of the outcomes of the re-
search Re-NetTA (Re-manufactur-
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tures). New organisational models
and tools for re-manufacturing and
re-using short life components com-
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is the building sector, focusing on
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ings, characterized by short-term
cycles of use.
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promising strategies and organiza-
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conomic resources integrated into
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have been removed from buildings,
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their usability with the lower possi-
ble consumption of other materials
and energy and with the maximum
containment of emissions into the en-
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The text is articulated into three

sections.
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and identifies key strategies about
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turing processes within the building
sector, focusing on tertiary architec-
tures. It is divided into three chap-
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Part II PROMISING MODELS

outlines, according to a proposed
framework, a set of promising circu-
lar organizational models to facili-
tate re-manufacturing practices and
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La collana Ricerche di tecnologia dell’architettura tratta prevalentemente i temi 
della progettazione tecnologica dell’architettura e del design con particolare atten-
zione alla costruibilità del progetto. In particolare gli strumenti, i metodi e le tecniche 
per il progetto di architettura alle scale esecutive e quindi le modalità di realizzazio-
ne, trasformazione, manutenzione, gestione e recupero dell’ambiente costruito. 
I contenuti scientifici comprendono la storia e la cultura tecnologica della progetta-
zione e della costruzione; lo studio delle tecnologie edilizie e dei sistemi costrutti-
vi; lo studio dei materiali naturali e artificiali; la progettazione e la sperimentazione 
di materiali, elementi, componenti e sistemi costruttivi. 
Nel campo del design i contenuti riguardano le teorie, i metodi, le tecniche e gli 
strumenti del progetto di artefatti e i caratteri produttivi-costruttivi propri dei si-
stemi industriali. 
I settori nei quali attingere per le pubblicazioni sono quelli dei progetti di ricerca 
nazionali e internazionali specie di tipo sperimentale, le tesi di dottorato di ricerca, 
le analisi sul costruito e le possibilità di intervento, la progettazione architettonica 
cosciente del processo costruttivo. 
In questi ambiti la collana pubblica progetti che abbiano finalità di divulgazione 
scientifica e pratica manualistica e quindi ricchi di spunti operativi per la profes-
sione di architetto. 
 
La collana nasce sotto la direzione di Raffaella Crespi e Guido Nardi nel 1974. 
I numerosi volumi pubblicati in questi anni delineano un efficace panorama dello 
stato e dell’evoluzione della ricerca nel settore della Tecnologia dell’architettura 
con alcuni testi che sono diventati delle basi fondative della disciplina. 
A partire dal 2012 la valutazione delle proposte è stata affidata a un Comitato scienti-
fico, diretto da Giovanni Zannoni, con lo scopo di individuare e selezionare i con-
tributi più interessanti nell’ambito della Tecnologia dell’architettura e proseguire 
l’importante opera di divulgazione iniziata quarant’anni prima. 
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8. Design guidelines for product re-manufacturing

by Luca Macrì, Carlo Vezzoli

8.1 Background literature and practices about design guidelines 
for re-manufacturing

The chapter focuses on the topic of design for re-manufacturing 
(DfRem), presenting a set of guidelines that can facilitate product 
re-manufacturing processes toward more circular and sustainable organi-
zational models in specific contexts, with particular attention on the 
tertiary sector.

The concept of design guidelines to ease re-manufacturing is inher-
ently linked with the evolution of design for re-manufacturing (DfRem) 
itself and in particular with the end of the eighties, when the relevance 
of early design stages toward the prevention of barriers during re-manu-
facturing processes started to be observed and acknowledged (Hatcher 
et al., 2011; Ijomah et al., 2007; Keoleian and Menterey, 1993; Manzini 
and Vezzoli, 1998; Yang et al., 2015). Indeed, research interests started to 
focus on how to intervene during early stages of the product development 
process in order to satisfy re-manufacturing requirements in advance, i.e. 
adopting DfRem tools like guidelines (Vezzoli, 2018; Yang et al., 2015).

The following lines go through some peculiar approaches adopted 
along the years for the development of product DfRem guidelines, in 
order to outline the framework behind the guidelines presented in the next 
section.

Early contributions in this sense were mainly focused on comparing 
proposed designs to current re-manufacturing standard processes in order 
to develop metrics and tools to improve the ease of re-manufacturing 
(Ijomah et al., 2007). This included a DfRem-specific approach together 
with other aligned and complementary approaches for re-manufacturing, 
like design for product lifespan extension. It is the case of RemPro matrix 
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by Amezquita et al. (1995), in which some selected product properties 
(e.g. ease of identification, ease of access, ease of separation) are crossed 
with re-manufacturing steps (e.g. inspection, cleaning, disassembly). A 
slightly different approach was adopted in the RePro 2 tool by (Gehin et 
al., 2008), in which proposed design are supposed to be compared with 
‘Re-manufacturable Product Profiles’ in order to detect and enhance pref-
erable features to facilitate re-manufacturing. 

Other research efforts tried to bring together the literature on DfRem 
heuristics and some best practices from the industry, in order to develop 
guidelines that are more and more relevant for re-manufacturing practices. 
It is the case of Prendeville (Prendeville et al., 2016), who conducted a 
literature review on existing general DfRem guidelines, identifying four 
main design areas to facilitate re-manufacturing and successively making 
a detailed comparison with design features of twelve best practices from 
different industries. The results highlighted a still very limited application 
of DfRem guidelines in the industry, mainly because the design potential 
at the early stages of the product development is overlooked under many 
points of view (e.g. marketing, innovation, engineering).

More recently, the research focus on specific DfRem contexts has also 
raised: a study by Shahbazi et al. (2021) focused on the potential use of 
automation technologies to enhance re-manufacturing and how to design 
products in order to facilitate the process. Through an empirical study 
based on a case study, the authors put together not only insights from 
product design evidence, but also about the specific context of automation, 
in order to facilitate its implementation by specific design guidelines and 
enhance remanufacturability.

In the outlined framework, active contribution came also from 
LeNSlab Polimi, a team based in Politecnico di Milano that has been 
doing research, consultancy and education on Design and System 
Innovation for Sustainability (DIS) for more than twenty years in multiple 
international research projects, as part of the Learning Network on 
Sustainability (LeNS)1. 

Over the years, the group actively contributed to the definition of Life 
Cycle Design (LCD) guidelines to facilitate re-manufacturing or broadly 
product lifespan extension – e.g. design guidelines facilitating upgrading 
and adaptability, maintenance, repair, and disassembly (Vezzoli, 2018). The 
guidelines – as well as tools containing them – have been mostly outlined 

1. An international network of Higher Education Institutions aimed at the develop-
ment and the diffusion of the Design for Sustainability (DfS) discipline in worldwide 
curricula with a multipolar, open and copyleft ethos.
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and refined through several company consultancy projects on Life Cycle 
Design, resulting in outcomes that have been also integrated into compa-
nies’ product development processes, e.g. handbook of LCD guidelines. 
This is also due a structured and validated methodology with solid founda-
tions in the consultancy experience with several companies (e.g. NECTA 
Vending Solutions, Kone (elevator), Bonaveri), that have been successively 
formalized and improved over the years to elaborate product-specific LCD 
guidelines to be more effective in company practice than general ones 
(Vezzoli and Sciama, 2006).

All this considered, the next paragraph introduces a set of design 
guidelines to facilitate product re-manufacturing, selected as prom-
ising for tertiary architectures products in the context of the research 
Re-NetTa (Re-manufacturing Networks for Tertiary Architectures) (see 
Chapter 1).

8.2 Toward specific design guidelines for re-manufacturing: a 
selection in the context of tertiary architecture 

In this section, a set of design guidelines for re-manufacturing and 
broadly for lifespan extension (connected to the former) is presented as a 
selection from the ones developed and used in LCD company consultancy 
by the LeNSlab Polimi (Vezzoli, 2018). This is made as far as they could 
be extended (as they are or with adaptations) to short-time architectural 
components in the tertiary sector. In this sense, a structured process to 
move from the selected general Life Cycle Design guidelines toward 
specific ones – e.g. to elaborate guidelines for the design of a precise 
typology of building components – is also introduced at the end of the 
section.

The guidelines selection has been carried out along with activities and 
learnings from the above-mentioned Re-NetTA project, which allowed 
to gather different inputs from multiple sources. Among the others, rele-
vant insights came from: a desk research on international best practices 
in terms of business and organizational models based on design for 
product lifespan extension (see Chapter 3); interviews to practitioners 
from different areas in the tertiary architecture sector – exhibitions, 
office, retail (see Chapter 5,6,7); multiple roundtables with stakeholders 
and practitioners from the industry (see Chapter 5,6,7). Here below guide-
lines are introduced and listed. 
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8.2.1 Design guidelines for re-manufacturing

The first bunch of selected design guidelines gathers the ones specifi-
cally aimed at facilitating re-manufacturing processes, which means to 
design in order to facilitate the re-collection of used products as well as to 
make them suitable for storage, since they will be reintroduced into a new 
structured industrial process. In this sense, design interventions related to 
easy disassembly operations would be appropriated and are presented as 
the last group of this section. Guidelines are:

 – Design and facilitate removal and substitution of easily damageable 
components;

 – Design structural parts that can be easily separated from external/
visible ones;

 – Provide easier access to components to be re-manufactured;
 – Calculate accurate tolerance parameters for easily damageable connec-

tions and components;
 – Design for excessive use of material for easily deteriorating surfaces.

As anticipated, the set contains also other guidelines for product 
lifespan extension, since they could be potentially connected with re-manu-
facturing. It is the case of design guidelines facilitating reuse, upgrading 
and adaptability, maintenance, repair, and disassembly.

8.2.2 Design guidelines for reuse

To design for product reuse means to preserve its conditions and facili-
tate the transition toward a second end-user, which include all the mainte-
nance and repair operations to assure its integrity. Guidelines are:

 – Increase the resistance of easily damageable components;
 – Arrange and facilitate access to and removal of retrievable components;
 – Design modular and replaceable components;
 – Design components according to standards;
 – Design reusable auxiliary parts.
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8.2.3 Design guidelines for facilitating upgrading and adaptability

The easy upgrade or adaptation of products is particularly important 
in terms of Life Cycle Design because allows to extend their lifespan 
even in case of changing conditions (technological, cultural, geograph-
ical etc.). In particular, speaking about eco-efficient upgrade we refer 
to interventions in which a significant part of products stays unaltered. 
Differently, designing for adaptation is meant as making products suit-
able to be continuously used in relation to environments that are changing. 
Guidelines are: 

 – Enable and facilitate software upgrading;
 – Enable and facilitate hardware upgrading;
 – Design modular and dynamically configured products to facilitate their 

adaptability for changing environments;
 – Design multifunctional and dynamically configured products to facili-

tate their adaptability for the change in individuals’ cultural and phys-
ical backgrounds;

 – Design products that are upgradeable and adaptable on-site;
 – Design complementary tools and documentation for product upgrading 

and adaptation.

8.2.4 Design guidelines to facilitate maintenance

Designing to facilitate precautionary adjustments through maintenance 
allows to avoid costs and environmental impacts related to product repair 
or substitution (which cause untimely disposal). Indeed, maintenance oper-
ations are often crucial to assure products proper durability (e.g. proper 
protection, cleaning etc.).

 – Simplify access to and disassembly of components to be maintained; 
 – Avoid narrow slits and holes to facilitate access for cleaning;
 – Prearrange and facilitate the substitution of short-lived components; 
 – Prearrange the usage of easily available equipment;
 – Equip products with diagnostic and/or automatic diagnostic systems for 

maintainable components;
 – Design products for easy on-site maintenance; 
 – Design complementary maintenance tools and documentation;
 – Design products that need less maintenance.
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8.2.5 Design guidelines to facilitate repair 

High value of a product can be recovered through repair operations 
after a damage. Design to facilitate this process means to reduce as much 
as possible the complexity and the costs related to the required interven-
tions. Guidelines in this sense are:

 – Arrange and facilitate disassembly and reattachment of easily damage-
able components; 

 – Design components according to standards;
 – Equip products with automatic damage diagnostics system;
 – Design products for facilitated on-site reparation;
 – Design complementary repair tools, materials and documentation.

As anticipated, here below are described also a selection of the guide-
lines for Design for Disassembly (DfD), since they are useful to make the 
separation of either parts or materials easier and more convenient. Indeed, 
the facilitation of parts separation makes product re-manufacturing, reuse, 
maintenance, repair, upgrade and adapt easier. 

8.2.6 Design guidelines to facilitate disassembly 

A first set of guidelines to facilitate disassembly is about minimising 
and facilitate operations of disassembly and separation:

•	 Overall	architecture:
 – Prioritise the disassembly of more easily damageable components;
 – Prioritise the disassembly of the parts more subject to technological 

and/or aesthetic obsolescence;
 – Engage modular structures;
 – Divide the product into easily separable and manipulable sub-

assemblies;
 – Minimise hierarchically dependent connections among components;
 – Minimise different directions in the disassembly route of compo-

nents (and materials);
 – Increase the linearity of the disassembly route;
 – Engage a sandwich system of disassembly with central joining 

elements.
•	 Shape	of	components	and	parts	(in	case	of	automatic	disassembly):

 – Avoid difficult-to-handle components;
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 – Avoid asymmetrical components, unless required;
 – Design leaning surfaces and grabbing features in compliance with 

standards;
 – Arrange leaning surfaces around the product’s centre of gravity;
 – Design for an easy centring on the component base.

•	 Shape	and	accessibility	of	joints:
 – Avoid joining systems that require simultaneous interventions (on 

more than one joint) for opening;
 – Minimise the overall number of fasteners;
 – Minimise the overall number of different fastener types (that 

demand different tools);
 – Avoid difficult-to-handle fasteners;
 – Design accessible and recognisable opening for dismantling;
 – Design accessible and controllable dismantling points.

•	 The	 second	 and	 last	 set	 of	 selected	 guidelines	 that	 facilitate	 disas-
sembly are related to the engagement of reversible joining systems:

 – Employ a two-way snap-fit;
 – Employ joints that are opened without tools;
 – Employ joints that are opened with common tools;
 – Employ joints that are opened with special tools, when opening 

could be dangerous;
 – Design joints made of materials that become reversible only in 

determined conditions;
 – Use screws with hexagonal heads;
 – Prefer removable nuts and clips to self-tapping screws;
 – Use self-tapping screws for polymers to avoid using metallic 

inserts.

As already mentioned, although the presented set of guidelines is a 
selection of the ones that could be relevant for the tertiary construction 
sector, the highest effectiveness to enable re-manufacturing practices would 
be given with more specific guidelines in relation to the product to be 
designed. To give a more precise idea of the shift from general to specific 
Life Cycle Design guidelines, please refer to the following example:

General LCD guideline: Design multifunctional and dynamically 
configured products to facilitate their adaptability for changing cultural 
and physical individual backgrounds.

Product-specific LCD guideline: Design reconfigurable office walls 
that can adapt to changes in relation requirements, such as with adjustable 
corners or length extensions, e.g. by using rotating edge hinges.
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Even though the focus of the chapter is not to outline a methodological 
framework, it is useful to introduce an abstracted example of the process 
behind guidelines specification, to enhance further research and practice 
in the specific context of short-term components for tertiary architectures. 
As anticipated, the process has solid foundations in consultancy experi-
ences that have been successively formalized and improved over the years 
(Vezzoli and Sciama, 2006).

Going step by step, for a proper specification of Life Cycle Design 
guidelines a preliminary assessment of the environmental impact (either 
qualitative or quantitative) of the product life cycle should be conducted, 
as well as a consequent prioritisation of LCD strategies to reduce the 
overall impact. This framework represents the knowledge basis for a 
successive collaborative workshop, usually involving expert stakeholders 
in relation to the specific product or sector. After being updated about 
the assessment result and the prioritisation of LCD strategies, the core 
activity of the workshop is a structured process that is adopted for each 
guideline taken into analysis, allowing participants to apply a variety 
of specifying actions: integrate a guideline in relation to any precise 
product or typology; add a new guideline related to any precise product or 
typology; add note/remainder related to any precise product or typology; 
erase a guideline. As a result of the workshop, a draft of specific guide-
lines is achieved, followed by a further stage of review and refinement to 
integrate final improvements.

In order to bring further the connection between the presented guide-
lines and the practice of re-manufacturing in the tertiary architecture 
sector, the next session goes in depth with a series of examples, able to 
exemplify and clarify the meaning of some relevant guidelines. 

8.3 Guidelines and examples to facilitate Design for Re-manu-
facturing in the tertiary architecture sector

8.3.1 Gispen furniture 

A first example (Gispen, 2022; LeNS International, 2022) to better 
understand guidelines in practice is represented by some product collec-
tions designed by of Gispen, a dutch brand producing furniture and outfit-
ting products for different kinds of environments (e.g. education, health-
care, office). Looking at the company’s chair collection, it is reported that 
the design is based on a 75% of standard components that are universal 
for other product groups, such as different chairs, bar stools or tables. For 
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example, the backrest of a chair can also become the backrest of a bar 
stool. In other words, the modularity of components and their ease to be 
replaced helps to extend product’s lifespan and could be valuable also for 
re-manufacturing, since it facilitates the replacement of parts for required 
rework operations. The backrest can be replaced or swapped on site by 
one person within ten minutes, without causing any damage, due to one 
single screw connection. Moreover, material blends are avoided, and the 
steel frame is separable from the wood and foam parts, as well as from 
the cover made of fabric. Gispen goes also beyond furniture, adopting the 
same approach even to higher scale solutions like conference room fittings, 
which are again designed to be modular and can be constantly re-arranged.

The main DfRem guideline applied in the example is the design of 
modular and replaceable components, which is actually a complementary 
guideline that could be valuable for many different processes to extend the 
product lifespan, e.g. reuse, upgrade, adaptation and in some cases even 
maintenance and repair. This is coherent with feedbacks received from 
the industry, since modularity turned out to be one of the most applied 
concepts in the industry and well as a desirable design approach for inter-
viewed stakeholders and practitioners within the Re-NetTA project. It 
is implicit that the example presented could be also connected to other 
guidelines among the ones presented, e.g. design modular and dynamically 
configured products to facilitate their adaptability for changing environ-
ments; design components according to standards etc. 

8.3.2 Brummen Town Hall 

The second selected case (RAU Architects, 2013) to exemplify some 
presented guidelines is the Brummen Town Hall designed by RAU 
Architects and Turntoo. Due to concerns over frequently shifting munici-
pality borders, the municipality of Brummen commissioned a building for 
a service life of 20 years. Thus, the design approach applied by providers 
was to make it as a ‘raw material depot’ based on the possibility of 
retrieving all the building products after disassembly. In this sense, for 
example, the use of concrete has been minimized in favor of prefab timber 
components and different types of reversable joints allow to collect and 
reuse 90% of the building. Moreover, each component’s data has been 
identified and registered, in order to allow producers to plan its destination 
after disassembly and arrange the logistics accordingly. 

In this case, the main design guideline referred to the example is from 
Design for Disassembly, and in particular it focuses on minimising and 
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facilitate operations of disassembly and separation. Indeed, as anticipated, 
the dismantling process is crucial to enable proper re-manufactuiring, 
since it deeply affects logistic processes and costs. As it was observed 
from the direct engagement of stakeholders, this is particularly important 
for outfitters, who play a specific role at the disassembly stage of the value 
chain, and it clarify how much their involvement in the design stage would 
be relevant to activate re-manufacturing. Secondary guidelines applied in 
the example are for sure design of modular and replaceable components; 
engagement of reversible joining systems (in general).

8.3.3 Desso-Tarkett Carpet tiles 

The third example (Tarkett, 2015) comes from the company Desso 
Commercial Carpets by Tarkett, which is a global carpet and carpet tiles 
company that works for commercial customers from different sectors. Among 
their solutions, they provide the Carpet Leasing Service, which is based on 
turning carpet tiles into a service: Desso keeps the ownership of products and 
provide installation, cleaning, maintenance and eventually removal. Moreover, 
after the standard 7-years contract, a new carpet is provided by Desso and the 
old one is recycled and reintegrated into a new life cycle.

The key design choice that allows Desso to extend the overall flooring 
lifetime is a design oriented toward maintenance and repair, based on the 
use of tiles. Differently from rolls, tiles are designed to be modular and 
easily removable, since each tile is sticked through tape and can be punctu-
ally removed. This allow specific intervention in case of damages, avoiding 
a complete renovation of the flooring. Moreover, since Desso doesn’t sell 
the tiles, the company provide services like maintenance and substitution, 
that contribute to extend the lifetime of products. 

In this last example, the main design guideline represented is a combi-
nation of two: arrange and facilitate disassembly and reattachment of 
easily damageable components; arrange and facilitate disassembly and 
reattachment of easily damageable components. Indeed, although eased 
disassembly is a crucial feature of the product, it can be identified as pecu-
liar for its implication in terms of maintenance and repair, which have 
been presented as complementary to re-manufacturing. 

As noted also from stakeholders’ feedbacks, the example shows that 
the design of an eco-efficient product could allow also a shift in the offer 
model, where economic interest is aligned with the pursuit of environ-
mental benefits. This latter topic is treated in detail within Chapter 14, 
where Sustainable Product-Service Systems are introduced. 
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