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Introduction

Buildings consume 40% of natural resources and primary energy 
worldwide (López-Mesa et al., 2009) while accounts for 35% of 
industrial waste (Hendriks, 2000) and 36% of greenhouse gas 
(GHG) emissions showing a growing tendency (OECD, 2019). 
Only in the European Union (EU), this sector represents 10% of 
gross domestic product (GDP), consumes 50% of natural resources, 
and 40% of primary energy, generating 35% of construction and 
demolition waste (CDW) and 30% of building carbon footprint. 
CDW represents the largest flow in terms of mass: 1/3 of 3 billion 
tonnes annually. Although it seems to be economically circular 
since it avoids landfill and incineration, CDW recycling mainly ori-
ents to backfilling for road subsoil, reducing its potential towards a 
circular CWD management (European Commission, 2018). In the 
United States, the environmental protection agency (EPA) reports 
that 22% of 600 million tonnes of CDW produced in 2020 were 
recycled: 52% for aggregate products, 24% for landfills, less than 
2% for soil remediation and composting, and less than 1% for fuel 
(U.S. Environmental Protection Agency, 2020). Mexico produces 
more than 6 million tonnes year–1 (Cámara Mexicana de la Industria 

de la Construcción, 2016) without considering CDW from informal 
construction activities and earthquakes that mainly end in landfills, 
of which only some have acquired international standards to regard 
them as authorised places.

While developed countries have implemented CDW manage-
ment plans based on standards like ISO 14001 (ISO, 2015) which 
is voluntary and, LEED certification (LEED v4.1| U.S. Green 
Building Council, 2021), BREEAM (BREEAM – Sustainability 
Assessment Method, 2016) and EU Directives (European 
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Commission, 2018), Mexico is beginning to implement CDW 
management plans (GODF, 2015; Procuraduría Federal de 
Protección al Ambiente, 2014).

But the COVID-19 pandemic provoked a sanitary crisis that 
made GDP fall 1.67% to 2009 level worldwide (OECD, 2020; 
World Bank, 2020). Raw material and oil prices fall have become 
barriers to the transition to the circular economy because of idle 
assets, supply chain disruption, uncertain availability and price vol-
atility. Consequently, the path to decarbonized cities, energy pov-
erty reduction and socioeconomic sustainability proposed by the 
EU Circular Economy Action Plan (European Commission, 2019), 
the ‘Renovation Wave’ and the ‘Green Deal’ (European 
Commission, 2020b) show strong affinity to EU strategic priorities 
for economic recovery. New business models may activate local 
resources, reduce import dependence, and diversify supplies to 
increase resilience, along with the creation of green jobs. In addi-
tion, circular economy contributes to achieve carbon neutrality 
with nearly a half of current emissions reduction (300 million 
tonnes) by 2050. Furthermore, the EU Social and Economic 
Committee identifies the building sector plays an important role to 
promote economic recovery because of the intensive labour use in 
the construction industry, mainly in local companies (Zahradnik 
et al., 2020). The circular economy promotes the seven Rs: rede-
sign, reduce, reuse, repair, renovate, recover and recycle, making 
EU to compel the second-use materials standardisation and its dis-
semination among stakeholders to reduce CDW production and 
acquire a better and higher recycling quality (European Commission, 
2020b). The European Commission has issued 54 measures to 
apply along the construction material lifecycle in five prior sectors 
that comprehend construction and demolition like the CDW 
Protocol and Guidelines (European Commission, 2018), Level(s) 
assessment framework (European Commission, 2020), one-use 
plastic ban, critical raw material reuse/recycling, eco-design, spare 
parts eco-labelling, lifecycle end of waste treatment and packaging 
reuse/recycling (European Environment Agency, 2020). Spain 
updated CDW management to achieve a sustainable, decarbonized, 
resource-efficient, and competitive economy through the Spanish 
Strategy on Circular Economy 2030 (Jefatura de Gobierno, 2011; 
Ministerio de Agricultura, Alimentación y Medio Ambiente, 2015a, 
2015b; Ministerio de la Presidencia, 2008). Five of their six goals 
are directly or indirectly related to CDW management: 15% CDW 
reduction, 30% of raw material and CO2e emissions reduction to 
less than 10 million annual tonnes by 2030.

The situation is quite different in Latin America and the 
Caribbean with the highest urbanisation rate worldwide (84%), 
where 32% of the inhabitant lives in cities that are greater than 
1-million people and host 40% of the global urban population. In 
Mexico, municipal solid waste (MSW) that includes CDW daily 
collection leaves aside 35,000 tonnes from 40 million marginal 
and rural people (United Nations Environment Programme, 
2018), while 60% (145,000 tonnes daily) ends in landfills being 
most of them only ‘supervised landfills’. Mexico City has got 
only two authorised landfills, so the City Government has 
launched the Zero Waste Plan to reduce the 8600 tonnes sent to 

landfills to 2000 tonnes by 2024 (CDMX, 2019; Ríos, 2019). 
CDW accounts for 6.7% of GDP without including CDW due to 
natural disasters (earthquakes) and employs 5.6 million people 
(Araiza-Aguilar et al., 2019). Mexico is the second regional 
economy and the 15th in the global ranking, but it had a poverty 
rate of 48.8% in 2018 (61.1 million people) that will increase to 
66.9% after the pandemic. It will become the 4th poorest regional 
country with 8.6% GDP fall (Comisión Económica para América 
Latina y el Caribe, 2020; Consejo Nacional de Evaluación de la 
Política de Desarrollo Social (CONEVAL), 2018). Hence, 
Mexican cities will become even more vulnerable to infectious 
disease outbreaks due to low-income residential density (Ghosh 
et al., 2020; Matthew and McDonald, 2006). Moreover, CDW 
quantification is the first step for CDW management policies to 
motivate the adoption of emergent technologies, on-site audits, 
government supervision, economic incentives, interaction with 
stakeholders, coordination between operative departments and 
directions towards a circular economy (Aslam et al., 2020).

This research reviews different CDW quantification methodolo-
gies (Supplemental material Appendix A, Table A1) that include 
material flow analysis (Bakchan et al., 2019; Cochran and 
Townsend, 2010; Ding and Xiao, 2014; Lu et al., 2015;  Miatto 
et al., 2019; Zaman & Lehmann, 2013), direct and indirect on-site 
and off-site CDW quantification (Barón, J. et al., 2017; Carpio 
et al., 2016; de Guzmán Báez et al., 2012; Jaillon et al., 2009; 
Kleemann et al., 2017; Li et al., 2013; Li et al., 2016;Mercader-
Moyano and Ramírez-de-Arellano-Agudo, 2013; Parisi Kern et al., 
2015; Ram & Kalidindi, 2017; Wu et al., 2019), CDW track load 
counts to treatment plants or landfills (Blaisi, 2019; Cha et al., 
2020; Kartam et al., 2004; Villoria Sáez et al., 2018), surveys to 
workers, recyclers and government officials to follow CDW from 
origin to end, life cycle assessment (LCA) (Wu et al., 2016; Yuan, 
2017) and building information modelling (BIM) applied to build-
ings and executive project plans consulting, among others (Ajayi 
et al., 2015; Jalaei et al., 2019; Jiménez Rivero et al., 2016; Luciano 
et al., 2018; Akinade et al., 2018; Cheng & Ma, 2013; S. Liu et al., 
2015; H. Liu et al., 2019; Won and Cheng, 2017; H. Wu et al., 2019;  
Mercader Moyano et al., 2019; Ge et al., 2017; Guerra et al., 2019; 
Bakchan et al., 2019; C. Z. Li et al., 2020; Tanikawa & Hashimoto, 
2009; Park et al., 2014).

In Mexico, CDW quantification follows a methodology that 
considers the construction material purchases with a CDW produc-
tion coefficient of 0.3 m3 m–2 and another coefficient to convert vol-
ume to weight of 1.5 tonne m–3, referred to research from the United 
States and Europe. The composition of CDW consisted in the 
observation and measurement of truckloads sent to a landfill in 
Mexico Federal District (Secretaría de Medio Ambiente y Recursos 
Naturales, 2010). In compliance with the environmental goals  
proposed by the Development National Plan (2013–2018), 
SEMARNAT and the Mexican Chamber of Construction Industry 
delivered a National Plan for CDW management to implement the 
Mexican Standard NOM-161-SEMARNAT-2011. The CDW quan-
tification focused on the tasks that produced the highest volumes of 
CDW while giving general recommendations about the CDW 
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measurement and on-site selection. This report estimated that 6.08 
million tonnes generated in 2011 would reach 9.2 million tonnes in 
2018, with a rise of 3.5% of the construction industry activity. CDW 
composition consisted of 39% of soil excavation, 25% of concrete, 
24% of mixed CDW and 12% of other types (Cámara Mexicana de 
la Industria de la Construcción, 2016; Procuraduría Federal de 
Protección al Ambiente, 2014). However, the lack of effectiveness 
of this CDW quantification model shows the need to obtain real 
coefficients from CDW production and management, which would 
favour its circular economy, increasing Mexican GDP and offering 
an exit to the post-COVID crisis.

This paper aims to apply on-site CDW quantification by the 
weighted transfers of measurement and user surveys by auditing 
61 single-family Mexican social housing over 5 years with the 
addition of its environmental impact: embodied energy (EE) and 
carbon emissions (CEs) and, CDW destination: landfill, onsite, 
and offsite reuse and recycle.

Materials and methods

The methodology consists of three stages. In the first one, the 
definition of the housing conventional construction model 
(CCM) requires stabilising the typology features, selecting a 
representative sample and quantifying the material resources 
consumed in the construction process. In the second stage, the 
CDW quantification requires the calculation of the transforma-
tion coefficients from the on-site measurement and surveys. In 
the third one, CDW EE and CO2e emissions combined with 
CDW destination provide the data to build environmental indi-
cators (Figure 1).

The weighted transfer of measurement (WTM) identifies and 
quantifies CDW from the consumed material resources of the 
social housing CCM. Thus, this work delivers CDW transforma-
tion coefficients and environmental impact indicators to favour 
the transition from a linear economy model to a circular one by 

Figure 1. Methodological framework and stages.
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reintroducing CDW as reused, recycled and by-products to close 
the material flows. This methodology had been previously 
applied and successfully implemented in Spain, giving rise to 
municipal regulations associated with the Andalusian 
Construction Costs Database (Mercader-Moyano and Ramírez-
de-Arellano-Agudo, 2013). Since current coefficients used in 
Mexico have failed to succeed because they were based on for-
eign models, this work will be the first step to help CDW man-
agement policies and municipal regulations to predict CDW 
production and promote reuse and recycling to minimise raw 
materials and energy consumption and CEs.

Stage 1

The methodological steps define the prototype of the social hous-
ing CCM, select the sample of the predominant typology and 
quantify the material resources from their basic material compo-
nents (BMCs) in Mexico.

Definition of the Mexican CCM. Mexican CCM has a built area 
between 42 and 76 m2. However, the Building Code states a 
lower size for them that includes a kitchen-dining room, one or 
two bedrooms, one bathroom, one parking space, and basic ser-
vices (Alderete Herrera, 2010; Gobierno Federal de México, 
2016). Building materials and systems changed along with the 
evolution of the social housing in Mexico, hence this work lim-
its up to 10-year-old housing to avoid referring to extinguished 
construction processes and materials. The CCM consists of a 
load-bearing structure of reinforced concrete foundation slab 
and wall-embedded pillars, concrete block walls, roofs of rein-
forced concrete vault blocks and prefabricated beams, cement-
based outer finishes, plaster inner finishes, ceramic floors, 
single-pane glazing with aluminium frame and wooden doors 
with aluminium frame (López-López, 2019). In the ‘70s and 
‘80s, several companies began to build one/two-storey social 
housing neighbourhoods with rigid schemes that do not respond 

to the changing needs along their life cycle (Sánchez-Corral, 
2013).

Sample selection. The sample locates in Saltillo City, the capi-
tal district of Coahuila State, in Northern Mexico, next to the US 
frontier. Despite its large volume of social housing neighbour-
hoods, the city government lacks the necessary data to determine 
CDW management policies (Hyman et al., 2015). In 2015, Coa-
huila State population accounted for more than 2,950,000 people. 
In Saltillo City, around 807,000 people were distributed 90% in 
urban areas, and 10% in rural areas, with a poverty rate of 61.1% 
(CONEVAL, 2020). Its strategic location, administrative impor-
tance, and industrial development make this city a relevant data 
source in the social housing sector to approach CDW production 
in the construction industry.

Even when the social housing CCM changed traditional mate-
rials like adobe or quincha for modern ones like reinforced con-
crete, the construction techniques that local developers use are 
still artisan, as surveys to supervisors and workers reveal (Figure 2). 
During the last decade, the microcrystalline cellulose (MCC) 
morphology, construction systems and materials have been 
standardised by the different companies in Saltillo by building 
nearly identical prototypes. The three main companies situated in 
SE Coahuila: DAVISA, RUBA and SERVE, produce the proto-
types between 46 m2 and 52.13 m2 that are the basis for this 
investigation.

CCM material resource quantification. The material take-off 
(MTO) provides the BMCs list from the Housing Institute of 
Coahuila State Government, local building companies and 
Saltillo housing developers. Due to different criteria among the 
Mexican States, this research adopts the average between 58 m2 
(from Coahuila State mortgages) and 42 m2 (from CONAVI pre-
scriptions) that accounts for 49.4 m2 with 90% confidence inter-
val and 10% error from the mortgages delivered in Saltillo along 

Figure 2. Social housing under construction.
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2016 (López-López, 2019) (Supplemental material Appendix B. 
Table B.1).

The first step consists of a social housing historic and evolu-
tion approach to find the referential places in Saltillo City for the 
sample selection. The second step consists of the 61 social hous-
ing audits to identify and quantify the material resource con-
sumption involving direct observation and surveys to workers 
and supervisors.

Following the model developed by Arellano (Ramírez de 
Arellano Agudo, 2002), the work breakdown structure (WBS) 
codifies the CCM construction tasks. These data come from 
the executive project documentation and technical specifica-
tion sheets. The bill of quantities (BOQs) provides the BMC 
consumption; each task code consists of one letter (X), and 
the addition of a sequence of two letters and three numbers in 
the case that there is more than one type (XYZ00n) while 
BMCs show a three-letter code (TUV) (Supplemental mate-
rial Table B.2). The quantification of BMCs consumed in the 
sample construction uses kg m–2 units (Supplemental material 
Table B.3).

Stage 2

In this stage, the CDW quantification lets calculate the transfor-
mation coefficients.

CDW characterization and classification. The on-site observa-
tion revealed four stages of CDW production: product delivery 
(deficient quality, download breaks and unproperly atmospheric 
conditions), storage (expired storage time, material breaks and 
package waste), construction works (internal transport breaks, 
mortar/concrete remains, material trimmings, badly executed 
works demolition, incorrect manoeuvre losses, machinery lubri-
cant replacement and excavation soil not backfilled on site) and 
demolition.

After analysing different sources like the Mexico City 
Government CDW Standard (GODF, 2015), Mexican Federal 
Environmental Secretary Report (Medina Ross and Secretaría 
de Medio Ambiente y Recursos Naturales, 2001), and EU Waste 
Catalogue (Official Journal of the European Communities. & 
Commission Decision 2001/118/EC of wastes, 2001) to address 
CDW materials and their codification, it is decided to build an 
own classification and codification, according to Mexican regu-
lations and following the systematic classification of the 
Andalusian Construction Costs Database (ACCD) as it has 
already shown its effectiveness since it was implemented (Barón 
et al., 2017). This codification allows identifying CDW from 
BCMs consumed in the construction process since they refer to 
the task, the type, and material resource where CDW comes 
from (Table 1).

BCMs transformation into CDW. The transformation coeffi-
cient (CR) measures the proportional part of a BCM that 
becomes CDW. This methodology called WTM, as mentioned 
in section ‘Materials and methods’, is based on the on-site Ta
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CDW quantification from the selected 61 houses construction 
sites (Figure 3). This methodology also provided the basis for 
the EU 2030 Climate & Energy Framework (European Com-
mission, 2016).

CDW not only includes BCMs but other materials as well. 
Package (plastic, board, paper, tins and others) becomes CDW 
even though it is not a constituent part of the building. Some 
material resources undergo physical or chemical changes from 
their initial state after their installation or use and may vary their 
properties like ceramic CDW, which increases its volume and 
changes its use. Likewise, formworks, struts and scaffolds end 
their life cycle after a certain number of uses and become CDW.

For the reasons explained above, it is necessary to apply indi-
rect measurement methods to determine the CDW quantities 
from the material resources, following the mathematic model 
WTM (Mercader-Moyano and Ramírez-de-Arellano-Agudo, 
2013) (equation (1)).

Q Q CR CC CTt i

i

N

i i= × × ×∑ 1  (1)

where Qt is the CDW total quantity (tonne), N is the material 
resource/package index, Qi is the quantity of material resource 
(tonne), CRi is the transformation coefficient of the material 
resource that becomes CDW, CCi is the CDW transformation 
coefficient from BCM unit to CDW unit and CTi is the transfor-
mation coefficient from BCM measurement criterion to CDW 
criterion.

CR is directly measured at the construction place, while CC 
converts the material resource units to CDW units. Finally, CT 
converts the material resource measurement criterion to the 
CDW measurement criterion.

When applying equation (1) to this research, CC and CT coef-
ficients are equal to 1 because CR is expressed in tonnes. Package 
CR coefficient is always equal to 1.

CDW normalised quantification. When comparing CDW quan-
tification from different typologies or locations, it is necessary to 
normalise the quantification according to the corresponding built 
area (equation (2)).

Figure 3. CDW packages stored in the construction site.
Note: Steel, copper, plaster, cement-based coating and cement adhesive are grouped to facilitate the graphic reading just because they ac-
count for 1.04%.

Q
Q

built areatn
t=  (2)

where Qtn is the normalised CDW weight per area (tonne m–2), Qt 
is the CDW total weight (tonne) and built area is the built area of 
the building/s (m2).

Stage 3

In this stage, the methodological steps let build CDW environ-
mental indicators

CDW characterization according to its destination. In Mexico, 
CDW may have four destinations: on-site reuse, on-site recycling, 
off-site recycling and landfill. Therefore, CDW types are character-
ised and quantified according to their destination. The Environmen-
tal Secretary of Mexico Federal District developed these indicators 
in 2013 and updated them in 2015 (GODF, 2015). This Standard 
compels the addition of reused or recycled materials to the execu-
tive project of a building if the second-use material is available 
within a 20-km distance from the building site (equation (3))

T RU RC RC Do a= + + +  (3)

where T is the CDW total quantity (tonne m–2), RU is the CDW 
on-site reuse (tonne m–2), RCo is the CDW on-site recycled 
(tonne m–2), RCa is the CDW recycled in treatment plant (tonne m–

2), and D is the CDW sent to landfill (tonne m–2)

CDW environmental impact indicators. After CDW characteri-
sation and quantification according to its destination, the next 
step is to calculate two environmental impact indicators accord-
ing to CDW type: EE and CO2e emissions, whose sources are the 
BEDEC database and Arguello Mendez et al. research because 
Mexico lacks of its own environmental impact database (Argüello 
Méndez and Cuchí Burgos, 2008; ITEC Instituto de la construc-
ción de Catalunia, n.d.).

CDW environmental performance. Finally, a radial graphic 
synthesises the CDW environmental indicators from the execu-
tive project to assess the CDW environmental performance. It 
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intends to serve as a basis for CDW labelling from a circular 
economy framework. Furthermore, these indicators provide the 
CDW quantity and destination to orient CDW management pub-
lic policies about the location, size, and type of treatment plants 
for reuse and recycle and landfills.

Results and discussion

The proposed methodology allows measuring the CCM material 
resources (Supplemental material Table B.3) and CDW produced 
at each stage of the building construction to obtain one CR coef-
ficient for each BCM (Supplemental material Table B.4). The 
implementation of a ‘hard’ method of material tally during stor-
age, installations or construction process and the CDW bucket 
and truck loads reckon complemented with a ‘soft’ method of 
on-site surveys provide reliable data on real cases. The applica-
tion of the coefficients (CR, CT and CC) accounts for the total 
normalised weight of the case study: 0.083 tonne m–2, without 
considering excavation soil (Supplemental material Table B.5) 
(Figure 4). CDW painting (6.02E−2) does not appear because it 
constitutes hazardous waste.

The obtained 38 CR coefficients may be added to the database 
developed in the CDW quantification methodology that has 
served as a basis for this research (Mercader-Moyano and 
Ramírez-de-Arellano-Agudo, 2013). Furthermore, this research 
not only validates its application to any other country but updates 
and complements the database with the addition of a multidimen-
sional environmental impact label. It synthesises CDW environ-
mental impact and destination for each executive project in a 
radial graphic to be a precedent for CDW environmental assess-
ment labelling.

A Sankey diagram synthesises the material flows from their 
arrival to the construction site as far as their destination as CDW 
(Figure 5).

Concrete and cement-based materials account for the majority 
of the CCM resources provoking the largest amount of CDW; 

foundations, load bearing structure and walls. After adding mor-
tars, they totalise 75.77% of CDW.

It can be observed that the CCM construction process is far 
from closing the material flow cycle. The CCM consumes 
1.24 tonne m–2 and produces 0.083 tonne m–2 CDW, of which 
only a small amount is reintroduced as cement or lime pack-
ages. New construction materials only use raw materials, 
Mexican regulations compel neither manufacturers to add 
recycled steel or recycled inert aggregates nor constructors to 
use recycled materials if they are farther than 20 km from the 
construction site.

Notwithstanding, Mexican Federal District (F.D.) officials 
compel developers to provide a CDW management plan coordi-
nated with transport service, in case that its amount overpasses 
7 m3, including authorised on-site storage places, and recycling 
plants, or landfills. Nevertheless, the National CDW Management 
Plan estimated that only 20% of CDW from public and private 
constructions ended in authorised places, 77% in backfills, land-
fills, soil remediation and road subsoils, and only 3% in recycling 
plants (Cámara Mexicana de la Industria de la Construcción, 
2016; CDMX, 2019; Gobierno de México, 2015; GODF, 2015; 
Secretaría del Medio Ambiente, 2018, 2021).

This work may help organise on-site CDW storage places 
since the design stage calculating the CDW amount produced by 
task: foundations (19.78%), masonry (64.69%), roof (8.70%), 
finishes (6.39%) and sanitary, drainage, electric and glazing sys-
tems (0.44%), separating them according to destination: on-site 
re-use or recycling, recycling plant or landfill. Since CDW quan-
tification lets know the environmental impact derived from the 
BCMs employed in the CCM, designers may substitute current 
construction materials for eco-efficient ones.

Polyethylene packaging constitutes a special case among 
other plastics because it accounts for more than a half of the 
CDW EE while polypropylene and PVC account for minimal 
quantities. Besides, it represents 71% of CDW CO2e emissions 
and only 5% is recycled offsite. Mixed CDW constitutes 

Figure 4. CDW percentages of the CCM.
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Figure 5. Sankey diagram: CCM construction materials and CDW.

43.60 kg m–2 of the total amount of CDW (65.1 kg m–2) sent to 
landfills (Supplemental material Table B.5). Supplemental mate-
rial Table B.6 shows CDW by type.

A radial diagram synthesises these data to characterise the 
executive project by its environmental indicators. They quan-
tify CDW according to its destination: reused (RU), on-site 
recycle (RCo), off-site recycle (RCa), and landfill (D). RU, 
RCo, and RCa show values equal to 0, or negative if CDW is 

recycled. Instead, D is always positive because it accounts for 
CDW which ends its lifecycle in a landfill. CDW EE and CEs 
appear on the two other axes. As it happens with building 
energy labelling, colours indicate CDW environmental indica-
tors performance that mean greater inefficiency from green to 
red. CDW sent to landfill (D) accounts for 69.20 kg m–2 while 
reused off-site CDW (RCa) comprehends 27.19 kg m–2 of inert 
soil and only 19.92 kg m–2 of other CDW (Figure 6).
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Results show that mixed CDW (mortar, on-site made concrete 
and concrete elements) accounts for the largest volume and 
weight. This waste could be grinded on-site to be used as inert 
aggregate for subsoils (Concretos Reciclados, n.d.) or to make 
on-site blocks (Yajnes et al., 2017). Nonetheless, many authors 
propose to use it as inert aggregate in prefabricated blocks 
(Luciano et al., 2021; Pacheco-Torgal, 2014; Rakhshan et al., 
2020). These experimental materials represent a solution to make 
concrete blocks, but they still lack the required certification, dis-
semination and acceptance from users, developers and stakehold-
ers (Molar-Orozco et al., 2020; Roux Gutierrez et al., 2015).

Iron and steel waste can be recycled to reduce its environmen-
tal impact and recover EE and CE from its production process. 
However, recycling cement-based products partially reduce their 
EI and CE because of low aggregate value by-products.

As this work has pointed out, Mexico still lacks mandatory 
CDW quantification and environmental impact assessment, so 
the proposed methodology is determinant to implement fed-
eral and state legislation for CDW recovery to reintroduce 
them in the productive chain and minimise those with low 
aggregated value that end in infrastructure work subsoil but 
mostly in landfills. These latter constitute air, water and earth 
polluters and infection foci because of different kinds of gases 
that increase global warming, and the proliferation of flora 
and fauna that rise public health costs (Gobierno de México, 
2015).

Conclusion

This work proposes a methodology for CDW quantification and 
environmental characterization that not only considers CDW 
weight and volume but its physical or chemical transformation 
and the changes in its measurement criteria. It validates its results 
by contrasting CDW quantification at the executive project stage 
with the CDW amounts effectively measured on-site along the 
construction process. It is possible to apply the new coefficients 
to the Mexican CCM to foresee CDW types and quantities, and 

to plan its storage on-site, and CDW destination for reuse or recy-
cle. This methodology may serve as a basis for the implementa-
tion of local and national regulations.

On the contrary, the lack of control of Mexican mandatory 
regulations makes that the most of CDW ends in illegal places, 
increasing environmental risks (Turcott Cervantes et al., 2021). 
These barriers require an integrated public policy plan to shift 
from a linear economic model towards a circular one that involves 
all the players, generates green jobs, environmental benefits and 
motorises the weak economy after the COVID19 pandemic. 
Notwithstanding, the authors find some limitations in this 
research: one is the dependence on staff collaboration for sur-
veys, another one is the CDW real end because of the many ille-
gal landfills. They may be solved with a kind of incentive to 
improve staff collaboration, and by strict monitoring to assure the 
data accuracy.

A future research line may expand the CR coefficient database 
with other building typologies, adding the CDW economic val-
orisation to implement business models to involve local resources, 
reduce import dependence on supplies, make the construction 
industry more resilient, and create new jobs. The estimation of 
CDW management costs from the executive project stage in 
social housing public procurement through a BIM model 
(Mercader-Moyano et al., 2019) would make mandatory a CDW 
management plan.

One of the CC and pandemic consequences will be the wors-
ening of the already existing poverty and inequality in countries 
like Mexico (López-Feldman, 2014). A proper CDW manage-
ment as part of a circular economy model reduces the increment 
of GHG emissions, contributes to climate change (CC) mitiga-
tion and improve public health by the eradication of open-air gar-
bage dumps. Reuse and recycling may produce second-use 
materials that close the material flow loop and diminish the 
depletion of raw materials. Construction and operation of new 
facilities create employment, and workers training improves 
quality labour, especially in local communities favouring social 
inclusion and diminishing poverty.

The fall of raw material prices, the disruption of supply 
chains and the reduced investment that worsens liquidity might 
threaten the advances towards a circular model. However, the 
COVID-19 recovery would foster resilience, sustainability and 
inclusion if labour and capital resources underpin the circular 
economy transition agenda like recycling infrastructure instead 
of remaining idle in a low aggregate demand economy. This 
model improves the capital assets productivity, efficient pro-
duction of materials and waste reduction expanding the resource 
base of the economy.

If the recycling process could be improved in quality and 
quantity, Mexico could gain new resources, independence from 
imports, new jobs and help meeting its CC goals. Better CDW 
waste management and recycling technologies, and design for 
recyclability may maintain the material value longer in the eco-
nomic cycle (Klevnäs and Kulldorff, 2020; Tennakoon et al., 
2021).

Figure 6. CDW environmental indicators of the CCM.
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