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Abstract
The sustainability assessment of a building must represent a part of an integrated
evaluation of the building performance. The envelope is one of the main parts of the buildings
and external walls directly influence its thermal and environmental performance because of
their considerable weight in the initial embodied energy, life-cycle energy consumption and
whole-life cost. Additionally, the amounts of construction and demolition wastes generation
soar each year and the supply of natural aggregates is contributing considerably to landscape
degradation.
Therefore, this paper presents the life cycle analysis of an innovative ventilated
prefabricated concrete wall panel with integrated mineral wool insulation allowing very low
energy design and retrofit of buildings. Implementation of prefabricated, sustainable products
will enable reduction of environmental impact of residential and commercial buildings
The purpose of the research is the encouragement of the re-use and recycling of
construction and demolition waste (CDW) in order to shift CDW management from disposal
to recycling and reduce utilisation of natural resources thus preventing landscape degradation.
The substitution of conventional thermal insulation materials by Ecose® based mineral wool
produced using innovative and sustainable technology is leading to reduced environmental
impact through the reduction of embodied energy, embodied carbon and production of byproduct wastes.
Keywords: building envelope, prefabricated concrete wall panel, recycled aggregates, life
cycle analysis, Ecose® based mineral wool
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1.

INTRODUCTION

The best way to ensure sustainable development would be to reconcile human needs with
the capacity of the planet to cope with the consequences of human activities, or in other words
to take from the earth as little as possible natural resources and return to the earth as little as
possible non natural waste.
Today, construction and demolition waste (CDW) as a by-product of human daily and
economic activities has become an unavoidable problem. This is caused by the environmental
pollution process which is going faster than the natural recovery process as the consequence
of industrialization, economic development, but also the disregard of the fact that the ecosystem is nearing to its breaking point. Considering the problem of landfills (wild dumpsites),
as well as the waste amount increase and increased accumulation at certain places, one draws
the logic conclusion that once small spots of aesthetic contamination are slowly becoming
large locations of considerable universal pollution [1]. Because of the high potential for re-use
and recycling embodied in these materials CDW has been identified by the EC as a priority
stream. Indeed, a proper management would lead to an effective and efficient use of natural
resources and the mitigation of the environmental impacts to the planet. The Waste
Framework Directive (WFD) requires Member States (MS) to take any necessary measures to
achieve a minimum target of 70% (by weight) of CDW by 2020 for preparation for re-use,
recycling and other material recovery, including backfilling operations using non-hazardous
CDW to substitute other materials [2].
On the other hand, concrete industry is the largest consumer of natural resources and one
of the largest waste producers. Even though, compared to other building materials, concrete is
considered to be environmentally friendly, its constituents and production technology are not
since it consumes a great amount of natural resources and according to some research cement
industry is responsible for 7% of greenhouse gas emissions [3, 4]. Since concrete was,
without any doubt, construction material of the 20th century and since the massive use of
concrete in the 21st century is inevitable, because of its major advantages over other
construction materials scientists and engineers tend to make it more sustainable. One of the
basic sustainability targets already specified in Agenda 21 for Sustainable Construction is
reduction of non-renewable raw material consumption [5].
Recycled aggregates have evolved towards a worthy alternative for natural aggregates.
Therefore more applications with added value should be found for these kind of recycled
aggregates that usually end up in low grade applications. This is the case for recycled concrete
aggregates, recycled brick aggregates and mixed recycled aggregates which can find their
wide use in building construction process where environmental influence on their durability
and load bearing demands in use are considerably lower than for other applications.
Existing buildings are representative of the vast potential for energetic and economic
savings, all because of the fact that there are a considerable number of buildings with
insufficient thermal insulation. The present condition of the existing building stock in Croatia
is deeply unsatisfactory. Most buildings are ‘sub-standard’ in terms of energy efficiency,
comfort and health. The largest share of energy consumption in buildings is used for space
heating (Figure 1 and Figure 2) among which more than 83 % of buildings in Croatia
consume from 150 to 200 kWh/m2/a of energy for heating [6].
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Figure 1: Energy consumption in
residential buildings of Croatia [6]

Figure 2: Energy consumption in nonresidential buildings of Croatia [6]

In EU 27 buildings consume around 40 % of energy needs and account for 36 % of EU’s
CO2 emissions [7]. Therefore, the EU countries have decided to implement plans for
improving energy efficiency in their energy strategies and to develop a legal framework for
the realization of these plans. The Republic of Croatia, as the EU accession candidate country,
is in the process of harmonizing its legislation with the EU directives and fulfilling the
accepted obligations.
From all of the above, it is obvious that buildings are one of the biggest energy consumers
and have a great impact on the environment not only because of their energy consumption in
use but also because of the significant impact of building materials on the environment during
production (significant embodied energy) and disposal. Therefore, the energy efficiency,
sustainable construction and the use of recycled resources together with renewable energy
sources are becoming priorities of contemporary construction process.
The prefabricated ventilated wall panel system presented in this paper has a vast potential
to substantially improve energy performance of the deteriorating building stock thus
facilitating a move towards reaching the EU’s 20-20-20 goals by 2020, creating new business
opportunities and fostering a more innovative and competitive economy. In addition, the
application of presented wall panel system in new construction (as a load bearing structure or
cladding wall panels for apartment buildings, houses, warehouses, manufacturing buildings,
office complexes, schools, farms etc.) is straightforward, giving it even greater market
potential.
2.

PREFABRICATED CONCRETE WALL PANEL SYSTEM

The innovative prefabricated concrete wall panel system consists of two precast concrete
layers interconnected through stainless steel lattice girders, Figure 3. 50 % of the total
aggregate quantity needed for production of concrete layers has been replaced with recycled
aggregate obtained from construction and demolition waste (CDW). A newly developed
mineral wool manufactured using Ecose® Technology is used as thermal insulation material.
The wall system reduces the effect of thermal bridges to a minimum due to its connection to
load bearing structure.
The inner (load bearing) layer of the ECO-SANDWICH is made of recycled concrete
aggregates while the outer façade layer is made of recycled brick aggregates.
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Figure 3: Cross section of the wall panel system with its description and material properties
Before the mixes were designed, an inventory of all relevant knowledge concerning
processing CD&W and the state of the art in the industry concerning building brick
production was made at the Faculty of Civil Engineering, J.J. Strossmayer University of
Osijek. Mixed aggregates were quantified and classified. At the Faculty of Civil Engineering,
University of Zagreb extensive preparatory research was conducted on the two concrete
mixtures (Table 1) that were chosen as the most suitable for the wall system.
Table 1: Proportions of concrete mixtures [kg/m3] of concrete

Mix

Constituent Cement Water
recycled
concrete
recycled
brick

Recycled
Recycled
Super- Sand 0/4 mm
4/8mm
8/16mm
plasticizer
natural crushed concrete brick concrete brick

380,00 160,00

1,14

462,00 486,00 211,00

400,00 170,00

1,14

462,00 486,00

-

-

600,00

-

211,00

-

600,00

The manufacturing technology demanded certain development of compressive for both
mixes Figure 4. Water and gas permeability of the mixes are shown on Figure 5, because of
the great water absorption, the outer concrete layer should be additionally protected to avoid
freezing and thawing problems.

Figure 4: Developing compressive strength
of concrete

Figure 5: Durability properties of concrete
mixes
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Ecose® Technology mineral wool was opted for among other types of sustainable natural
insulation materials (e.g. sheep’s wool, cellulose, cotton, etc.) as there are relatively small
volumes of raw material available in Croatia (e.g. only 1200 tonnes of sheep’s wool annually)
and while market potential exceeds the production of natural insulation materials. The
technology of presented wall system can be with small changes adapted for the sheep’s wool
insulation or other natural materials insulation thus giving it even less embodied energy.
The ECOSE® Technology based mineral wool is manufactured from abundant recycled
glass bottles, plate glass, internal waste (up to 85% of total content of resources) and naturally
occurring materials like silica. The technology is free from formaldehyde, phenols, pentanes,
butanes and acrylics, and has up to 70% lower embodied energy than traditional oil based
binders. In addition, the performance of ECOSE® mineral wool does not deteriorate over
time, it has no artificial colours or dyes and is fully recyclable.
Between Ecose® Technology mineral wool and outer concrete layer a 2 cm ventilated
layer is inserted to prevent damping of insulation material. Inner and outer layer of concrete
are interconnected with a stainless steel lattice girders. The inner concrete layer is connected
to the load bearing structure of the building (columns, walls) by stainless steel connexions.
The load bearing structure of the building is not considered in this paper, but it can also be
made from the recycled CDW for the new buildings.
A novel technological solution of casting of the outer layer of the prefabricated concrete
wall system differentiates it from other similar products. After the inner concrete layer
hardens, thermal insulation layer is placed. Next, both layers are lifted, turned over and
immersed into the fresh concrete of outer layer. The whole element is then cured in the curing
chamber. The schematic overview of the whole production line is presented on figure 6.

Figure 6: Schematic overview of the production line

Page

5

3.

THE SUSTAINABILITY CONSIDERATIONS

Improved environmental performance of the prefabricated concrete wall panel system was
evaluated considering the entire life cycle of components (concrete and insulation) as well as
the wall panel system as a whole. The technology tackles three major environmental
problems: reducing greenhouse gas emission by energy efficiency of buildings, increased
resource efficiency through the use of CDW (50% of total aggregates obtained from CDW) in
panel manufacturing and minimising the use of regulated chemicals like phenol and
formaldehyde from the manufacturing process of insulation material, figure 7.

Figure 7 Principles of sustainability of the wall system
Compared to the solutions prevalent on the market, the presented wall system has
favourable characteristics both in terms of life-cycle cost and performance, retaining at the
same time a substantially lower environmental impact than the competing products with the
same insulation thickness. For example, the embodied energy of the presented wall system is
33.8% lower than that of lightweight composite insulation panels such as those made of
aluminium or galvanized sheets and polyurethane insulation. Moreover, the presented wall
system has greater thermal mass. This optimizes the benefits of solar gain, reducing the need
for heating energy by 2-15% and also smoothes out fluctuations in internal temperature thus
reducing daytime air-conditioning requirements by up to 50%. In addition to savings in the
use of energy for heating and cooling, which, in turn, cuts greenhouse gas emissions, the
presented wall system is both reusable and fully recyclable.
Detailed market analysis shows presence of different solutions of structural insulated
panels (SIPs) and structural concrete insulated panels (SCIPs). While SIPs are lightweight,
have very low CO2-eq emission and embodied energy, their primary disadvantage is a very low
thermal mass (problems in warm environments during summer months - increased cooling
energy consumption). SCIPs, on the other hand, are made with concrete that uses aggregates
only from natural resources and thermal insulation layers made from EPS or XPS which use
oil as a resource in production. In addition, the insulation layer thickness of SIP/SCIPs spans
from 8 cm to 20 cm while the ECO-SANDWICH insulation layer thickness starts at 20 cm,
thus enabling higher energy efficiency. Furthermore, styrene is among top suspected
carcinogens according to IARC Technical Publication No 42 [8]. As a waste product, EPS
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and XPS are fairly easy to recycle and reuse but if not properly disposed they can be
environmentally damaging through the leakage of certain additives.
Improved environmental performance of the presented wall system was evaluated in
comparison to prefabricated wall panels with integrated core insulation made of EPS and
concrete without any recycled aggregates. Life-cycle analysis of total energy used and CO2-eq
savings is based on available literature data for life-cycle of the prefabricated concrete wall
system and EPS core wall panels with insulation thickness of 10 cm which is, according to the
Croatian regulations, figure 8.

Figure 8 Savings of the wall system (right) compared to EPS core wall panel (left), during the
50 years life cycle
Taking into account that mechanical recycling and crushing of CDW consumes only small
amount of energy and is an environmentally friendly process, the presented wall system, by
using recycled CDW in combination with mineral wool manufactured with Ecose®
Technology, constitutes an innovative product whose embodied energy payback time is 22
months due to savings during exploitation. These
While reaching sustainable development objectives, the prefabricated concrete wall system
carries at the same time a high economic value in its life-cycle, bringing tangible benefits in
terms of investments for owners of the buildings, together with turnovers and job creation
especially for manufacturers involved.
4.

CONCLUSIONS

Abiding by the credo that “the best energy is saved energy”, the presented prefabricated
concrete wall system achieves sustainable, healthier environment and living ambient for
occupants. The wall system helps to follow waste hierarchy by using recycled CDW and
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recycled materials used in the production of Ecose® based mineral wool, incorporating them
into a new, eco innovative and sustainable product with a closed loop.
Being harmonized with both Energy Performance of Building Directive - EPBD (2002-91EC), its Recast EPBD II (2010-31-EU) and EU Waste Framework Directive (2008/98/EC),
the presented wall system is expected to facilitate the implementation of both legislations by
providing a market for recycled CDW and by substantially improving the energy balance of
the existing as well as planned building stock.
Further research to fine tune the production of presented wall system with high amounts of
recycled aggregates is needed especially in the field of replacing stainless steel connectors
with composite ones thus further reducing embodied energy and energy consumption in use.
It would be worthwhile to look into some other issues concerning the variety of recycled
aggregates and the presence of certain impurities which may be present in recycled
aggregates. Also, by using self compacting concrete with recycled aggregates further benefits
regarding embodied energy could be made.
Further research could help to determine the thresholds up to where recycled aggregates
can be used to produce concrete that comply with the standards and the intended purpose in
the residential and commercial buildings.
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