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Abstract:

Introduction:

The lack of treatment of construction demolition waste (CDW) is a problem that must be solved immediately. It is estimated that the
unused CDW generates an increase in the use of new materials close to 20% of the total materials consumed worldwide. Because of
that, the use of CDW in building materials is an interesting alternative to guarantee their application. In the last years, many research
works are being carried out in order to analyze the viability of using CDW as a substitute for the traditional raw materials that cause
high environmental impact.

However, much remains to be done, because these works generally characterize materials but not specific applications that allow the
agents of construction to provide assurance required by the projects.

Aim:

The research group TEMA from the School of Building Construction (UPM) is working on this topic with the University of Seville,
University of Burgos and the University of Zaragoza, developing a research project called "Waste to resources (W2R)". The main
goal of the project is to develop new materials, elements and construction systems, manufactured with CDW generated in building
retrofitting works, to be used in improving the energy efficiency of buildings.

Results:

In this article, some of the results of the W2R project are presented, namely the identification, quantification and characterization of
the types of waste generated in renovation works to improve the energy efficiency of buildings and their possible applications as
fillers in plasters to improve the performance of the original materials with a significant reduction in raw material, and thus reduce
the environmental impact.

Conclusions:

Concrete and ceramics are the most commonly generated waste categories in building rehabilitation works to improve the energy
efficiency of the buildings. These waste categories are generated during the preparation of the surface prior to the execution of the
works. Also, mixed waste from insulation materials can be highlighted due to its volume.

Keywords: Resources, Recycling, Building waste, Energy efficiency, Gypsums, Construction Demolition Waste (CDW).

1. INTRODUCTION

Residential buildings and offices account for 40% of the total energy consumption in the European Union. In Spain,
this percentage is lower (27.7%) because the weather conditions are generally milder than central and northern Europe.
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However, the incidence on the global energy consumption is still to be taken into account to reduce the environmental
impact of the buildings [1].

This situation, together with a growing interest in sustainable development and efficient energy consumption in the
different  sectors,  particularly  in  construction,  has  led  to  the  design  of  legal  measures  derived  from  the  Directive
2002/91/EU on energy efficiency of buildings [2 - 4]. In particular, in Spain the Royal Decree of Energy Certification
(RD 235/2013) requires for existing buildings --which are sold or leased-- to have an energy efficiency certificate. This
requirement is undoubtedly driving the market towards systems and materials that improve the energy efficiency [2].
However, this situation is still emerging.

Therefore, this new legal scenario will cause a rocket increase of buildings’ renovation and/or retrofitting works in
Spain and consequently an increase of CDW. The proper management of this waste constitutes one of the main pillars
of the framework of EU Strategy 2020, which aims to turn Europe in an efficient society regarding the use of resources,
based on circular economy criteria following the “3R” principle (recovery, reuse and recycle) [3].

In view of the above and taking into account the serious crisis affecting the construction section, the industry is
changing  from  new  constructions  to  rehabilitation  works,  particularly  rehabilitation  works  to  improve  the  energy
efficiency of buildings. In this regard, in the National Congress of Environment experts concluded that it is necessary to
rehabilitate some 400,000 homes a year in order to achieve the target by 2050 [4].

Moreover,  today the sectors  of  construction,  energy and industry  generate  about  50% of  the  waste  produced in
Europe  and  in  particular  CDW  accounts  for  33%  of  the  total  waste  generated  in  the  EU  [5].  For  this  reason,  the
European Union considers CDW flow as a priority for action. In fact, over the past decade, the intense activity in the
field of construction in Europe generated about 827 million tons of CDW in one year and only 50% of it was recycled
[6].  This has led Governments and Policy makers to implement a series of  measures,  such as those listed in Royal
Decree 105/2008, which requires segregation when CDW exceeds certain amounts [7].

In  this  new scenario  it  is  necessary  to  act  on  the  generated  CDW in  construction  works  to  improve  the  energy
efficiency and that is  why the research group in Buildings Technology and Environment (TEMA) of the Technical
University  of  Madrid  (UPM) is  working with  the  universities  of  Seville,  Zaragoza and Burgos  on a  project  called:
Waste to Resources (W2R). The main objective is to develope new materials, components and construction systems,
fabricated with CDW generated in building rehabilitation works to improve the energy efficiency and thus close the life
cycle of the buildings, creating zero waste and reducing the ecological footprint of the construction sector.

In  recent  years  the  number  of  scientific  studies  related  to  CDW  has  increased  greatly  [8,  9].  For  the  works
estimating  CDW  quantitation  ratios  in  a  building  construction  site,  it  can  be  concluded  that  usually  they  obtain
information from specific case studies or annual data released by the government. Since 2010, different models for
quantification of CDW were established in Spain, based on the project budgets, quantifying various waste categories for
new constructions, demolitions or rehabilitations [10 - 11].

Therefore, although there are numerous studies that analyze and quantify the waste generated in the building works,
almost  all  of  these  works  are  carried  out  on  new  residential  buildings  and  few  references  were  found  on  studies
quantifying CDW in rehabilitation, as they do not consider the specific aspects of the rehabilitation works to improve
energy efficiency.

Moreover, it is estimated that not recycling or reusing the CDW leads to an increase in the use of raw materials
about  20% of  the  total  used  [12].  Therefore  including  CDW in  materials  for  construction  represents  an  interesting
alternative. In recent years, many research works have been carried out in order to analyze the feasibility of using CDW
as a substitute for traditional raw materials [13 - 16]. In this article some of the results of the Waste2Resources project
are  presented,  namely  the  identification  and  quantification  of  the  types  of  waste  generated  in  renovation  works  to
improve the energy efficiency of buildings and their possible applications as fillers in binding materials that improve the
thermal performance of the traditional materials.

2. METHODS

To solve the overall objective the following specific objectives were developed.

2.1. Analysis of the Usual Measures to Improve the Energy Efficiency in the Vertical Envelope of Buildings

The vertical envelope was chosen because it represents a high percentage of the contact surface, thus acting on the
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vertical envelope has a major effect on saving energy Fig. (1). To this end, a literature review was performed to search
the main problems to be solved in the vertical envelope of the buildings to improve their energy efficiency as well as the
most common solutions that are usually carried out in Spain [17, 18].

Fig. (1). Heat loss in buildings [19].

2.2. Identification and Quantification of the Waste Generated in Building EE Rehabilitation Works

At this stage of the methodology, the identification and quantification of CDW expected to be be generated in the
most  common  works  to  imptove  EE  (identified  in  2.1.)  was  carried  out,  using  Arquimedes  database  [20],  which
provides the weight and volume of each CDW category generated in each work. These environmental parameters are
determined for the entire action to improve energy efficiency, allowing to obtain the quantities of waste generated in
each action per recovered m2.

2.3. Characterization of New Building Materials Containing Waste and Possible Applications.

In view of the results obtained in the previous section, the most generated CDW in works of EE are ceramic waste
and insulation.  Therefore,  the  feasibility  to  obtain  compounds of  gypsum with  those waste  categories  are  analyzed
through  laboratory  tests  with  the  minimum  requirements  and  results  were  compared  with  traditional  gypsums  and
minimum values set by current regulations.

3. RESULTS

3.1.  Analysis  of  the  Current  Rehabilitation  Works  to  Improve  Buildings’  Energy  Efficiency  in  Spain.  The
Vertical Envelope

The study to improve the building energy through actions in the envelope starts by determining the most common
reparations and deficiencies of the construction systems of the envelope and that affect the energy efficiency of the
building. The deficiencies are related to the requirable performance: thermal and acoustic insulation, waterproofing,
durability and functionality. Some shortcomings are not due to deterioration or poorly design, but to the low level of
demand for the rules that applied at the time of construction of the building (e.g. lack of insulation). It is important to
note that deficiencies due to deterioration often affect partially to the envelope, while those due to regulations often
affect all of it.

However, among the deficiencies found, only the lack or insufficient thermal insulation is related to the energy
efficiency of  the envelope,  so special  attention should be paid to the techniques that  are focused to remedy it.  The
remaining shortcomings described only affect the health/functionality of the building and its appearance. Such failure
relates in turn to the climate in which the building is located and the level of standards of the applicable rules,  but
generally is usually caused by the absence (or failure) of thermal insulation, which results in a low thermal resistance of
the the enclosure. Insufficient thermal strength of the façade of a building is usually due to the absence of specific
thermal insulation, the deterioration of the original insulation or insufficient thickness. Another important factor is that
insulation can be interrupted by the edges and/or pillars, causing the resulting thermal bridges. In any case, the legal
requirements of thermal insulation have increased considerably in Spain as a result of the successive energy crises [2,
21].
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In  general,  an insufficient  insulation of  a  façade directly  implies  higher  energy consumption for  heating and/or
cooling. In addition of excessive energy consumption, there are other direct consequences due to the lack of insulation
according to its location (Table 1).

Table 1. Pathology by the lack of insulation in the vertical envelope.

Lack of Insulation Located Pathology
On the opaque part of the façade Interstitial condensation due to the dew point temperature being reached inside the outer sheet of the

enclosure. It usually happens in combination with the absence of adequate ventilation in the air chamber (if
any).

Surface condensation on the inside of the building, in damp spaces (kitchens, bathrooms, etc). This effect
occurs in combination with inadequate ventilation.

As a positive effect, the lack of insulation causes the incorporation of the total mass of the enclosure to the
inner mass (providing a greater thermal inertia).

Where the façade is in contact with the
structure (pillars and slabs)

Surface condensation on the inside of the enclosure, in the areas of thermal bridges produced by direct
contact of the structure with the façade and the interior environment. This effect usually occurs in

combination with the absence of adequate vapor barriers and/or the absence of ventilated air chambers.
Cracks produced on the outer sheet and/or inner partition of the façade, caused by the daily cycles of

expansion-contraction of the structure.
Openings – Windows and doors

(usually due to the use of single glass or
blind boxes which are too permeable to

air)

An excessive loss of energy in heating and/or cooling, both due to the high thermal transmittance and to
excessive flow of air -from the outside- entering through faulty seals and joints poorly solved.

Water condensation on the inside of the enclosure.
Moisture on the inside of the enclosure, at the bottom of the opening produced by the condensation in the

joinery.

The  different  intervention  techniques  on  the  vertical  envelope  of  the  building,  leading  to  improved  energy
efficiency,  depend  to  some  extent  on  the  area  of  action:  exterior  façade  (including  its  openings),  party-walls  and
retaining walls in basements. In this article only techniques that can be performed on the exterior façade and party-walls
are discussed.

3.1.1. Techniques Applicable in Interventions to Improve the Thermal Insulation of the Building

In turn, depending on the type of action provided in the rehabilitation project, techniques can be divided in two:
ones carried out from the outside of the building and others from the inside.

3.1.1.1. Techniques Applicable in Interventions from the Outside of the Façade

In general, they are techniques that apply a layer of continuous insulation on the outer face of the existing façade,
covering the entire building. There are basically three options, depending on whether there is air chamber left between
the insulation and the type of exterior finishing used:

-External Thermal Insulation Composite System (ETICS): This system allows applying an insulating layer on
the outer side of the existing façade and later a thin finishing layer usually of cement mortar.
-Cladding system on insulation layer: Insulation material adhered to the outside of the existing façade and the
finishing material consists of a cladding -of natural or artificial stone-, which is fixed to an existing support by
means of anchors in contact with insulation.
-Ventilated façade: This system consists of a rigid or semirigid insulation adhered to the support and an outer
protective layer separated from the insulation, forming a chamber where air circulates by simple convection. The
external layer is fixed to the wall with substructures designed for this purpose.

These techniques provide many benefits, such as the elimination of thermal bridges and improvement of the thermal
stability of the enclosure and the structure. However, these techniques may not be feasible to use in historical buildings
–which have a  legal  protection of  their  façades–,  nor  in  those cases  in  which it  is  not  permitted to  set  forward the
existing  façade  (street  alignment).  Therefore,  they  are  techniques  appropriate  for  façades  basically  flat,  where  the
placement of external scaffolding is feasible.

3.1.1.2. Techniques Applicable in Interventions from the Inside of the Façade

This type of action is appropriate in cases where it is not feasible to modify the outside of the façade. In urban areas
where it is not possible to set forward the façade, these techniques (along with the injection chamber) are the only viable
options. The interventions from the inside, if possible, are the cheapest options, although they are not the most effective.
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Also, the occupants need to leave their house until the end of the work, representing a strong limitation in cases of
active buildings.

The most common techniques performed from the inside are:

-Placing (over the interior partition of the façade) a rigid insulation panel finished with gypsum plaster: This
system is equivalent to the ETICS system used on the outside of the façade. It consists of the application of a
rigid insulation on the interior of the envelope. A reinforced direct coating is applied over the insulation with a
polymeric or fiberglass mesh.
-Placing (over the interior partition of the façade) plasterboards with insulation material. It consists of gypsum
plasterboards and insulation panels fixed to the existing masonry.
-Substitution of windows and exterior doors.

3.1.1.3. Insulating Injection Inside the Air Chamber

In  those  cases  where  it  is  not  feasible  any  of  the  actions  described  above,  there  is  the  chance  to  inject  an
insulation material inside the air chamber of the façade (if any). This technique can be performed both from the
inside and from the exterior of the building. Despite its low cost, it is the least effective, being therefore the last
technique to be chosen.

3.1.2. Techniques to Improve the Thermal Insulation of a Party-Wall

As it is not possible to act on the outer side of the party-wall, the only viable techniques are those described for the
interior -incorporating a new cladding that integrates insulation- or,  in the case of having an air  chamber,  injecting
insulating material. Another aspect to consider is that normally there is no full coincidence between the perimeter of the
adjacent party-wall and the one to intervene, so there will be areas facing directly to the exterior. Those areas should be
treated as an exterior façade, requiring a greater insulation and incorporating waterproof techniques.

Therefore and in summary, the most common techniques in the vertical envelope are:

-External Thermal Insulation Composite System (ETICS)

-Cladding system on insulation layer

-Ventilated façade

-Interior partition with rigid insulation panel lined with gypsum

-Interior partition with plasterboard and insulation material

-Change and substitution of windows and exterior doors

-Insulating injection techniques in chambers

3.2.  Identification  and  Quantification  of  the  Waste  Generated  in  Renovation  Works  to  Improve  the  Energy
Efficiency of the Building

In table (2), the waste categories generated in the different techniques to improve buildings’ energy efficiency are
determined  following  the  methodology  explained  in  paragraph  2.2.  Furthermore,  the  total  amount  of  waste  per  m2

rehabilitated generated in each technique is quantified. The ETICS system is the one generating more waste, due to the
preparation of the existing layer, which implies removing the finishing layer of the surface. Instead, the solution of
ventilated façade generates the less amount of waste. Moreover, regarding the techniques performed from the inside, the
option  generating  less  CDW is  the  injection  of  insulation  in  the  air  chamber  (although  it  is  not  the  most  effective
solution), and by contrast the one generating the most CDW is the solution of the interior partition of the façade and
gypsum plasterboard.

In the above table, certain waste, such as: thermal insulation, plastics and cardboard are common waste categories
generated in all the works. In any case, it is very complicated, due to casuistry, to quantify the waste, but if we make an
approach without considering the waste generated during the preparation of the existing layer, it can be estimated the
waste generated over the total in percentage (Table 3).
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Table 2. Identification and origin of the waste generated in the works conducted in the vertical envelope of the building to
improve the EE.

Waste
Categories

Interventions From Outside Interventions From Inside

Replacement of
Doors and
Windows

From
ETICS Cladding on

Insulation
Ventilated

Façade

Partition
with Insul.
and Coated

with
Gypsum

Partition with
Insul. +

Plasterboard

Injection
Insulation in

the
Chamber

Toxic waste Extra paint material

Paper Packagings

Metal
Leftover of metal

structures cuts, fixtures and
hardware

Mortar
Leftovers of

plasters/material of the
exterior finish

Ceramic Leftover of plated cuts

Wood Packaging (type pallet)

Glass Windows and exterior
doors

Plastics Packaging and anchors
Thermal
insulation

Cuts of rigid insulation
boards

Gypsum Garnished and coated with
plaster

Mixed CDW Activities for the
preparation of the facing

Fiberglass mesh Reinforcing meshes

Total (kg/m2) 30.66a-2.13b 28.50 1.95 0.85 0.77 0.65 0.14

Total (l/m2) 20.85a-1.81b 19.00 1.74 1.00 0.94 0.78 0.20
aETICS system removing the prior coating layer (mortar).
b ETICS system without removing the previous coating layer

Table 3. Percentage of each CDW category over the total generated (in volume). [22]

Gypsum Type Amount of
Gypsum (%)

Setting Time (min) Flexural S.
(N/mm2)

Comp. S
(N/mm2)

Surface
Hardness
(N/mm2)

Adherence (N/mm2)
Manual Mechanical

B1 ≥ 50 >20 >50 ≥1 ≥2 Breakage occurs in the support or in the
gypsum mass; when it occurs in the

interface layer of plaster - support, the
value should be ≥ 0.1.

B2 < 50
B3
B4 ≥ 50
B5 < 50
B6
B7 ≥ 50 ≥2 ≥6 ≥2.5

In the techniques from the exterior, it appears that ETICS and Cladding system over insulation mainly generate two
waste categories: concrete/mortar (89-94%) and ceramics (7%). However, the solution with ventilated façade generates
less waste than the previous ones, but the waste is more heterogeneous, generating small amounts of different waste
categories. In the techniques performed from the inside, it is observed that those techniques with a partition mainly
generate gypsum waste (51-71%) followed by plastic materials (16-20%) and thermal insulation (20%). In the case of
injecting insulation material in the air chamber, the main waste generated are insulating materials (54%) followed by
paint (15%).

3.3. Characterization of New Materials (Binders and Waste) and Possible Applications

In  view  of  the  results  obtained  in  the  previous  section,  an  experimental  plan  was  developed  to  determine  the
feasibility of incorporating insulation and ceramic waste in gypsum composites. These plasters must meet the minimum



























 





















 





















 

















340   The Open Construction and Building Technology Journal, 2017, Volume 11 Del Río Merino et al.

requirements  set  by  the  current  regulations  Table  (4)  and  cause  less  environmental  impact  than  traditional  plasters
currently  marketed  by  reducing  the  raw  material  and  in  turn  incorporate  residues  which  will  not  be  deposited  in
landfills.

Table 4. Percentage of each CDW category over the total generated (in volume).

ETICS Cladding system over insulation Ventilated façade

Partition with insulation and coated
with gypsum

Partition with insulation material and
plasterboard

Injection of insulation material in the
chamber

Replacement of windows and
exterior doors

First, aggregates of insulation waste were included in a gypsum matrix, seeking to define a lightweight gypsum (B4)
which  comply  with  the  regulations  and  reduce  the  environmental  impact,  as  it  does  not  include  other  lightweight
aggregates being used today in Spain (perlite and vermiculite). From the results of the experimental plan conducted on a
gypsum type B1, were waste percentages of EPS, XPS in percentages over the weight of the plaster of 1%, 2%, 3% and
4% were added, it can be concluded that it is possible to obtain lightweight gypsums (B4) by adding EPS and XPS
aggregates  in  percentages equal  or  higher  than 2%. However in  compounds made with coarse gypsum, almost  any
compound can be considered lightened gypsum, as with additions of less than 2% of total waste the minimum density
established in the Standard is exceeded and from 3% of total waste the minimum mechanical strength values are not
reached.  Therefore,  only  the  compounds  made  with  a  mixture  of  EPS  waste  in  a  rate  of  1%  mixed  with  XPS  in
percentages 1% and 2% are able to meet the minimum requirements of the Standard.

As for the results of experimental plan conducted on gypsum compounds (B1) in which part of the raw material is
being replaced by ceramic waste (addition percentages of 25% to 50%), results  show that  when 50% of ceramic is
added, gypsums meet the specifications required in the standard for high hardness gypsums (B7).

CONCLUSIONS

From the results obtained, the following conclusions can be drawn:

The most generated waste in the techniques to improve the energy efficiency of a building match with the most
generated CDW in other building construction works.
The generated CDW in these types of works cannot be rigorously quantified because of the enormous casuistry
of each project. However, it is observed that the most generated waste categories are concrete and ceramics, and
that wood, glass, plastics and cardboards have a very small impact on the waste generation. These CDW are
mainly generated during the preparation of the existing surface where the works are planned to be carried out.
Among the waste categories, mixed waste from insulation panels stands out due to their volume.
Moreover,  if  we  consider  only  the  implementation  of  measures  to  improve  the  energy  efficiency,  those
techniques performed from the inside will always generate less waste. In the case of the vertical envelope either
ventilated façade or cladding on insulation, are both recommended.
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It has been found that a possible application of these CDW can be their use as fillers in gypsum and plasters,
getting gypsums with less environmental impact and cost.
It is possible to obtain lightweight gypsums that meet the current regulations when CDW from insulation panels
are incorporated in a gypsum matrix.
Adding ceramic waste in a gypsum compound can achieve the minimum requirements set for high hardness
gypsums by the regulations.
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