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Summary

This paper is part of the broader research issues on the environmental 

quality of the technological design. In this context, an advancement 

of knowledge is being investigated with reference to the tools for en-

vironmental evaluation of the building elements in architecture. The 

theoretical assumptions are motivated because on building elements 

much has been defi ned to date for the scientifi c and technical control 

of the energy issues and less for that of the environmental ones. Fur-

thermore, the adoption of design choices that contemplate construc-

tion technologies more compatible with the directives and practices 

connected with the life cycle of the building is an essential action for 

reducing environmental impacts in architecture.

The design for disassembly is a strategy which contributes to the en-

vironmental impact of the architectural design. In the framework of 

the research on the environmental impact evaluation of building el-

ements, disassembly represents one of the themes whose defi nition 

needs to be deepened. This paper declines the dimension of disas-

semblability in the framework of the fi rst phase of the research on the 

environmental impact evaluation of building elements in architecture. 

Some recent studies focus the attention to the possible strategies of 

the technological project for the reduction of the environmental im-

pact represented by the disposal activities in the end of life phase with 

the aim of giving continuity between this last phase and the extraction 

of raw material and production of building elements. The assessment 

of the disassembly at the end of the building’s life, with the determi-

nation of the percentages of recyclability and reusability of buildings 

materials that characterize the technological system, is a phase of the 

design process. This phase is the one in which the issue of environmen-

tal evaluation needs to be further investigated with reference to the 

technical elements.
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Premise

This paper aims to report the fi rst issues of a broader research on the 

environmental quality of the technological design. In this research 

fi eld the author is investigating an advancement of knowledge with 

specifi c reference to the tools for environmental impact evaluation of 

building elements [1] in the architectural design.

The disassemblability defi nes a design strategy that contribute to the 

environmental impact of the design and the construction. Therefore, 

in the framework of the research on the environmental impact evalua-

tion of building elements, disassembly represents a topic of necessary 

defi nition and deepening. In particular, in this paper the dimension of 

disassemblability is described in the framework of the theoretical is-

sues of the fi rst phase of research and as a parameter of a possible 

comparative tables of the environmental impact of building elements. 

In fact, the fi rst theoretical assumption of the general framework of the 

research fulfi lls the question that on the building elements much has 

been defi ned for the scientifi c and technical control of energy require-

ments and less for that of environmental ones. Without this control, it 

becomes diffi  cult to adopt design choices that contemplate construc-

tion technologies compatible with the directives and practices that 

govern the life cycle of the building for the reduction of environmental 

impacts. This control can be done more easily by having a comparative 

framework of building elements for architectural design characterized 

by energy and environmental impact indicators.

Environmental impact evaluation and disassemblability

The issue of environmental impact evaluation and disassemblability 

requires a brief declination of both topics to highlight the connection 

between them in the context of research perspectives on buildings el-

ements.  By environmental impact evaluation we mean the tools and 

parameters able to evaluate the impact on the environment of the 

building elements, products and materials. The environmental impact 
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of building elements is related both to the production process of the 

materials and products that compose it and to their life cycle, and to 

their energy effi  ciency in use. The effi  ciency determines, in particular 

for the closing elements of the building envelope, the potential energy 

savings for indoor climate control and for the sources used to produce 

that energy, because if of fossil origin, they impact on the environ-

ment. A fi rst critical issue emerges from the consideration that the en-

ergy performance is now measured on the building element, while the 

environmental performance refers to materials or products as parts 

of building elements, but not to the element as a whole. Therefore, 

there is no reference tool for the environmental performance of build-

ing elements. In the scientifi c literature on methodological tools for 

environmental assessment, although much has been written on the 

quantifi cation of the environmental impacts of material resources and 

products for architecture [2], much less has been written on the im-

pacts of building elements.

There are numerous scientifi c researches on Life Cycle Assessment 

(LCA) of materials and products as well as of the building system as a 

whole, but comparative references between solutions for buildings el-

ements are rare. Besides science, also technology, as a consequence of 

the advancement of studies, researches and normative requirements, 

has made available many tools; among them, the most relevant are 

the Minimum Environmental Criteria (CAM), supporting and binding 

actions with low environmental impact.  However, even in CAM the ref-

erence is prevalent to material resources for the design, considering to 

a very limited extent the issue of building elements. And yet, the latter 

become fundamental to make environmentally conscious choices in 

the architectural design, since the defi nition of the project itself pass-

es through them.  In the modus operandi of the project, the material 

choices go hand in hand with the technological ones, with the excep-

tion of some examples of architecture whose material suggestions for 

the cladding have conditioned the aesthetics of the architecture and 
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consequently the technological concept: apart from these exceptions, 

the design of the technological solutions is coeval with that of the ma-

terial choices and it is therefore important that these solutions can be 

accompanied by references to evaluate the environmental impact. 

As an endorsement of this consideration, Lavagna et al. [2018] state 

that in executive design, the defi nition of the products of the construc-

tion solutions due to performance parameters (mechanical, thermal, 

acoustic, fi re behavior, etc.) is what can discriminate the choice of a 

material rather than another; therefore, the role of the design of tech-

nological units and building elements becomes hierarchically relevant 

with respect to material choices.

Last but not least, unlike the material choices, it is the choice of build-

ing elements to determine the reduction of possible environmental 

impacts through some features of the elements themselves such as 

dry construction and reversibility of the elements themselves.  

In fact, to maximize reuse and recycling of materials and components, 

it is necessary for the designer to control choices and technological 

solutions with particular attention to the principles of reversibility be-

cause the latter allow to “deconstruct and enhance (from reuse to re-

Figure 1. Modular façades [Source: Herzog et al, 2017].
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cycling) as much as possible materials and components of waste from 

the building” [Monticelli, 2013, p. 159]. 

These issues call for technological solutions that rely on dry con-

struction techniques that facilitate the assembly and disassembly of 

elements, such as modular façade (Figure 1), and even earlier to the 

design for disassembly that allows the implementation of these princi-

ples. The design for disassembly therefore becomes decisive, as noted 

in further recent research that has focused attention on the possible 

strategies of the technological design for the reduction of the envi-

ronmental impact from disassembly and disposal activities in the end-

of-life phase. The goal of such research is to give continuity between 

this last phase and the ones of extraction of the second raw material 

and production of the building elements, giving value precisely to the 

design for disassembly [Sicignano et al., 2019]. The quantitative as-

sessment of the disassemblability at the end of the building life, with 

determination of the percentages of recyclability and reusability of 

materials is a phase of the process related to everything in the tech-

nological system that constitutes possible design alternatives such as 

the design of vertical and horizontal cladding systems. In the design 

of the technological system, the theme of disassembly requires to be 

further investigated precisely in reference to the building elements, in 

addition to just materials or products.

The design for disassembly 

From the point of view of the evaluation of the environmental qualities 

of building elements, today we can recognize some reasoning plans 

and normative tools that enhance the theme of the design for disas-

sembly. 

On the one hand, the Design for Deconstruction approach, which aims 

precisely at the design for disassembly of building elements aimed at 

the recovery of materials and components both for building mainte-

nance of the same and in the management of the end of life of the 
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building components and the of the buildings themselves. This ap-

proach “constitutes a fundamental strategy for the implementation of 

the closed-loop model in the building sector” [Sicignano et al, 2019]. 

The strategy concurs, in the design phase, to determine the techno-

logical choices that fulfi ll several requirements simultaneously such as 

constructability, maintenance, energy saving, cost containment etc. 

The criterion of disassembly is therefore a design strategy that allows 

to fulfi ll more requirements at the same time.

It contributes to the overall reduction of environmental impacts of 

construction materials as a necessary action to allow the reintroduc-

tion of materials into the production cycle through reuse or recycling 

and fulfi ll the containment of waste production in the fi rst place and 

the limitation of the use of virgin raw materials then. On the other 

Figure 2. scheme related to the selective deconstruction process according to the UNI/

PdR 75:2020 [Original from author].
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hand, the issues that arise by existing legislation and technical tools.

The UNI/PdR 75:2020 Reference Practice [3] “Selective deconstruction 

- Methodology for selective deconstruction and waste recovery in a cir-

cular economy perspective” is recent. It defi nes selective deconstruc-

tion: “Demolition through a systematic approach whose objective is 

to facilitate the separation operations of components and materials, 

in order to plan disassembly interventions and the costs associated 

with the intervention and recover components and materials as in-

tact as possible, not damaged or contaminated by adjacent materi-

als, to maximize the potential for reusability and/or recyclability of the 

same”. The aim of the practice is to defi ne a methodology for selective 

deconstruction that promotes the reuse and recycling of construction 

and demolition waste. Directive 2018/851/EU of 30/05/2018 is referred 

to in the practice as the latter “makes explicit reference, in the context 

of Construction and Demolition activities, to the need to take meas-

ures to promote selective demolition in order to [...] facilitate reuse 

and high quality recycling through selective removal of materials, as 

well as to ensure the establishment of sorting systems for construction 

and demolition waste at least for wood, mineral fractions (concrete, 

bricks, tiles and ceramics, stones), metals, glass, plastics and gypsum”, 

almost the entire family of traditional materials used in construction. 

In the UNI practice, the design for disassembly (Figure 2) is governed 

by the diff erent procedural phases, divided into design phase (pre-

liminary and executive), operational phase and phase of updating the 

database / list of materials used in the built environment. The design 

approach is aimed at the identifi cation of materials to be removed and 

destined for reuse, recycling and disposal with the specifi c identifi ca-

tion of hazardous waste, or emissions during demolition, the estima-

tion of the quantities of waste, the potential percentage of reuse and 

/ or recycling and, fi nally, the potential percentage achievable with 

other forms of recovery from the demolition process. The outputs of 

the practice for the design phase are to obtain the demolition project 
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and a database with the quantifi cation of waste that can be subjected 

to recycling or reuse processes. However, it does not directly address 

issues related to technological design, i.e., the choices that aff ect the 

life cycle of buildings, with reference to energy and environmental sus-

tainability criteria. Less recent but the fi rst normative reference on the 

subject are the CAM, they defi ned the environmental requirements for 

the realization of public works [Calcagnini, 2019]. CAM, sanctioned by 

the Ministerial Decree of October 11, 2017, makes mandatory the plan 

for the disassembly of complex products and the selective demolition 

of the building. Although it is the fi rst national regulatory response 

in the face of numerous voluntary environmental certifi cation proce-

dures, CAM defi ne a set of binding actions aimed at the realization of 

public heritage constructions with minimal environmental impacts 

[Bassi et al, 2019] and the control of the executive design.  According 

to point 2.3.7 of Annex 2 of the Decree on CAM, the designs of new 

construction and demolition and reconstruction of public buildings 

must include both a plan for the disassembly of complex products (art. 

2.4.1.1 of Annex 2) and the selective demolition of the building at the 

end of its life that allows the reuse or recycling of materials, building 

components and prefabricated elements (art. 2.3.7 and 2.5.3 of Annex 

2).Making design choices for the fulfi lment of the Criteria with refer-

ence to the determination of disassemblability means determining the 

technological choices of the project favouring the process of selective 

demolition of at least 50% by weight of the building components, ex-

cluding mechanical and electronical systems, and under the conditions 

that these components are recyclable or reusable. Of that percentage, 

at least 15% must be non-structural materials.

These minimum criteria, although they do not give specifi c indications 

in terms of measures for environmental assessment because they im-

pose, in addition to selective demolition, the condition that materials 

and components selectively demolished are recyclable or reusable, 

they confi rm disassemblability as a tool for reducing the environmen-
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tal impact strictly related to the second life of building elements and 

materials themselves.

Perspectives of environmental impact evaluation 

Existing approaches and tools, especially regulatory ones, are nowa-

days fundamental to determine a design and methodological direction 

for the disassembly project, but they point out the absence of param-

eters for the evaluation of the environmental value of this strategy.  

The tools of science, such as LCA, allow an environmental comparison 

between diff erent materials and products but not between building el-

ements, with obvious limits to support the design process. In fact, the 

comparison between materials is insuffi  cient for the purpose of “easily 

identifying the solution with the lowest environmental impact, since 

the best environmental profi le changes depending on the environ-

mental impact indicator” so much so that it can be said that “to date 

there are no shared and widespread methodologies or decision-mak-

ing tools on a large scale, but the decision depends on the sensitivity of 

designers and/or builders” [Lavagna et al., 2018, p. 140]. 

The question to be fulfi lled is to provide a tool to control and guide in 

the design process the choices of the technological design or building 

elements. There emerges the need to develop abacuses of building el-

ements for which the level of disassemblability and the corresponding 

environmental impact is evaluated.

The scientifi c horizon that we aim to achieve in the light of the above 

aims, is to determine for types of technical elements a comparative 

synoptic framework of diff erent prevailing solutions. These solu-

tions would br accompanied, on the one hand, by the degree and the 

measure of disassembly of the element and the other, by the most 

widespread and signifi cant environmental measures (carbon energy, 

embodied energy, etc.), and, to complete those of the energy perfor-

mance of the elements (transmittance, periodic transmittance, den-

sity, etc.). Recent studies on the circular economy state that by 2050, 
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CO2 emissions from materials used in construction could be reduced 

by almost half by virtue of strategies that consider effi  cient materi-

al use and reuse [Ojan, 2019]. The effi  cient use of a material means, 

again, its effi  cient use as a product or component of a building element 

and an effi  cient process of choosing design solutions. 

The goal of current research, such as that of the author of this con-

tribution [Calcagnini, 2021], is more specifi cally to aggregate a set 

of evaluation parameters per unit area of typical building elements. 

These would allow the construction of a comparison abacus aimed at 

providing the designer with a concrete reference towards solutions 

with less environmental pressure.

Notes

[1] Technical elements refer to the classifi cation of the technological 

system according to UNI 7867 and UNI 8290.  In them, the tech-

nological system is divided into three levels: classes of techno-

logical units (fi rst level); technological units (second level); class-

es of building elements (third level).

[2] Such as the LCA methodology, the possibility of evaluating nu-

merous indicators of environmental impact such as embodied 

energy, carbon footprint, etc.

[3] The reference practice is not a national standard but a non-bind-

ing reference that collects prescriptions related to practices 

shared by the “UNI Selective Deconstruction” Table. It was pub-

lished on February 3, 2020. As stated in the same document, 

“The reference practices are available for a period not exceeding 

5 years, within which they can be transformed into a normative 

document (UNI, UNI/TS, UNI/TR) or must be withdrawn”.
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