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Abstract — This work is devoted to developing an energy-efficient solution for the external wall
and evaluating its environmental impact. Several types of innovative single-layer and
sandwich-type wall solutions were analysed and compared. Different constructive and
thermal insulation materials were used, including traditional wall materials such as AAC
(autoclaved aerated concrete) and normal concrete. Advanced materials, such as high-
performance foamed concrete (HPFC) and natural biofibre composites, have been evaluated
as an alternative solution. Ultra-light foam concrete was applied as an alternative for
polymer-based insulation. The next development was sandwich three-layer wall constructions
consisting of foam concrete and natural biofibre composites. A prototype of a wall panel was
elaborated with outer layers of high-density bio-composite and a middle layer of high porosity
hemp composite. Basic properties of sandwich blocks, such as density and thermal
conductivity, were evaluated and compared. The environmental impact of the studied wall
systems was analysed using a life-cycle assessment (LCA) to assess carbon dioxide emissions
during the production phase of the material. The results show that replacing traditional
insulation with bio-based materials has greatly reduced the negative environmental impact of
the wall elements. A combination of natural fibre bio-composite and mineral insulating foam
makes it possible to obtain an eco-friendly and sustainable sandwich-type wall system.

Keywords — Environmental impact; global warming potential; hemp concrete; foam
concrete; magnesium cement; natural bio-composite; sustainability

Nomenclature

AAC Autoclaved aerated concrete -
HPFC High-performance foamed concrete -
LCA Life-cycle assessment -
LWAC Lightweight aggregate concrete -
GWP Global warming potential -
NC Normal concrete -
MOC Magnesium oxychloride cement -

1. INTRODUCTION

The global community and the EU have made a great effort in the last ten years to reduce
greenhouse gas emissions, such as CO,. Energy efficiency is one of the ways how to reduce
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emissions in a cost effective way [1]. For instance, the 2030 climate and energy framework
[2] focuses on improving energy efficiency by 32 % and reducing CO, emissions by 40 % by
the year 2030. According to the World Green Building Council report [3], the operation of
buildings and building construction processes are responsible for 39 % of all carbon
emissions in the world, and single family houses have the highest negative impact per person
per m? [4].

A significant part of CO; emissions is created by the production of construction materials
and depends on the energy efficiency of buildings during their exploitation period. Building
walls are responsible for up to 35 % of lost heating energy [5]. Therefore, wall systems should
be designed by considering necessary thermal insulation, comfortable indoor conditions, and
environmental impact (carbon dioxide emissions during the life cycle). The task of the
building envelope is to protect against external climatic factors and create favourable
microclimate conditions inside the building. An important property of external walls is their
bearing capacity, which depends on the mechanical strength of the materials used and design
solutions. For centuries, people have used traditional wall materials such as clay bricks, stone,
and wood. These materials are both structural and heat-insulating; they combine the basic
properties of building envelopes. It must be noted that the requirements for the energy
efficiency of external walls are increasing every year. For example, in Latvia, in accordance
with today's building regulations, the thermal conductivity (U-value) of the external wall
should be no more than 0.2 W/mK. In using monolithic material, which combines bearing
and thermal insulation functions, the necessary calculated thickness of the wall should be at
least 400-600 mm [6]. For this reason, sandwich-type (layered) wall construction is
considered a more efficient solution because it combines effective load-bearing and thermal
insulation properties [7].

Small-size wall blocks are a popular wall solution thanks to fast assembly, precision, and
low labour intensity. These may be used for filling concrete framework buildings and as a
constructive material for one- or two-story buildings. Different kinds of lightweight concrete
(LWC) are usually used as blocks for walls. Lightweight aggregate concrete (LWAC) blocks
are produced from lightweight aggregate (such as grains of expanded clay or foamed glass)
and cement binder.

Cellular concrete is the most commonly used material. The most popular small-size wall
blocks made of autoclaved aerated concrete (AAC). AAC technology implies chemical
aeration of a lime-silicate mix and further thermal treatment in a special steam pressure
chamber. Foam concrete (FC) blocks are cast from mechanically aerated cement mortar and
do not require special thermal treatment. FC may be produced using pre-foaming and
mixed-foaming methods. Each type of concrete has its positive and negative sides. AAC
blocks are brittle, sensitive to external moisture, and could meet durability problems, whereas
FC could be more durable and water-resistant [8]. Usually, FC has lower strength at the same
density compared to AAC. However, the studies carried out by article authors indicate that
the advanced technology of foam concrete makes it possible to obtain materials superior in
their properties to the AAC. A wide density range (300—1600 kg/m?), thermal conductivity
(0.10-0.66 W/mK), and compressive strength up to 60 MPa could be obtained [9]. The highly
porous structure of cellular concrete determines a low self-weight and has economic benefits
because cells occupy up to 85 % of the total volume [10]. This material can be applied both
for prefabricated and monolithic elements.

It must be mentioned that traditionally used wall blocks have a significant environmental
impact [11], mostly due to using cement as a binder [12]. The use of fibrous bio-composite
material is one way to reduce the environmental impact of wall blocks [13]. This insulation
material consists of bio-based fibrous aggregate — wood products or agricultural by-products
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and mineral binder [14]. The most studied material in this field is hemp concrete, a composite
consisting of hemp shives and hydraulic binders. Traditional hemp concrete is used as in-situ
material with a load-bearing wooden frame [15]. In this study, a new type of binder is used
for hemp bio-composite — magnesium oxychloride cement. This binder allows for achieving
a higher mechanical strength than hemp biofibre composite and is used together with foam
concrete to produce eco-friendly wall blocks.

The use of full-size wall panels may be regarded as an effective solution for modern
building construction. A high degree of factory readiness allows for constructing both
single-story and multi-story buildings throughout the year. Moreover, it makes it possible to
increase labour productivity significantly and reduce the cost of construction.

Traditionally, large wall panels are made using concrete as the main material for the bearing
layer. The use of dense concrete determines not only the high load-bearing capacity of
building elements but also the high dead weight. Modern construction trends provide for the
increasingly widespread use of wall panels based on lightweight and natural materials, such
as wood and composites made of natural fibres and agricultural by-products [16], [17].

The use of natural building materials has a positive impact on protecting the environment.
Life cycle assessment (LCA) is used in this research for analysing the environmental impact
of the various building materials, both traditional and alternative. This includes all processes
and emissions associated with the production of the material. Although there are many
different impact categories, global warming potential (GWP) — measured in CO; equivalents
(COz-eq.) — is used in this research. It has the most topical environmental impact, and the
construction industry contributes a significant amount of global CO, emissions [18].

The aim of this work is to regard new energy-efficient solutions for the structure of external
walls as an alternative to the existing traditional wall, such as insulated reinforced concrete
panels and autoclaved aerated concrete. The authors propose to use high-performance foam
concrete and natural composites based on hemp fibres and magnesium binder.

In this study, wall systems with similar thermal transmittance were selected.
When analyzing wall systems, the main criterion was their environmental impact, based on
evaluation of LCA and comparison of global warming potential.

2. MATERIALS AND METHODS

Several types of wall structures have been reviewed and compared in this research.
Analysed monolithic and sandwich wall systems were selected to provide a U-value close to
0.17-0.20 W/m?K. It corresponds to standard requirements for wall constructions in the
climatic conditions of Northern Europe. Total wall thickness was limited to 600 mm.
Nine types of wall systems are presented. The first four types are walls made of monolithic
material, which combines thermal insulation and load-bearing properties. The next five
solutions present sandwich systems. Initially, the materials used for wall elements are
described. After that, the characteristics of the wall elements used for the environmental
impact assessment are given.

2.1. Materials

Table | summarizes the materials used for wall elements and corresponding general
properties, such as compressive strength, dry density, and coefficient of thermal conductivity.
It should be noted, that the wall materials used in the study, such as foam concrete and hemp
composite, were developed and tested in the laboratory by the authors of the article.
In addition, commercially used materials, such as autoclaved concrete, normal concrete,
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mineral wool, and expanded polystyrene, were used for comparison. The properties of these
materials were taken from the manufacturer's data. To analyse the environmental impact, it is
necessary to know the composition of the material. For this purpose, the table shows the
proportions of components per cubic meter of materials (mix compositions are shown in
parentheses).

The first three types of materials represent the group of lightweight cellular concrete.
These materials are attractive both from the ecological and economic point of view since the
main filler is air, which occupies a large part of the volume. Nowadays, it is technologically
possible to produce aerated concrete of various densities ranging from 200-1800 kg/m?.
Only concretes with a density not higher than 500 kg/m? are acceptable to ensure thermal
insulation properties. The lower limit of the bearing capacity of wall elements is the
compressive strength of 1-3 MPa. This can be achieved at a density of not less than
300 kg/m?3 [19]. Thus, the compromise between strength and thermal conductivity is in a very
narrow density range.

Autoclaved Aerated Concrete (AAC) is a popular and cost-effective wall material in
Baltic countries. Local and available raw materials of lime and quartz sand are used for its
production. From an environmental point of view, the most vulnerable technological stage is
the autoclaving treatment, which requires considerable energy consumption due to the high
pressure and elevated temperature used in the technological process.

Foam concrete, unlike aerated concrete, does not require heat treatment during production.
Moreover, foam concrete technology makes it possible to produce it both in monolithic and
prefabricated versions [20] in a wide range of densities. Cement is the most environmentally
influential component of foam concrete.

High-performance foam concrete (HPFC) is elaborated on to improve its mechanical
properties and durability. HPFC is produced by cavitation mixed-foaming technology and is
characterized by its mechanical strength, durability, and ductility, comparable to AAC.
Previous studies [21] proved the benefits of highly intensive mixing technology that provides
mix homogeneity and promotes accelerated hydration and the effective use of cement. Low-
density HPFC (<450 kg/m®) may be used as a monolith insulation material [8]. Simultaneous
use of light foam glass aggregates and cavitation technology makes it possible for the
mechanical properties of this material to approach the properties of autoclaved aerated
concrete (close to 1.5 MPa, providing a density of 350 kg/m®). In this case, foam glass
granules with a bulk density of 120150 kg/m?® were used as a filling material (Table 1).

High-density foam concrete (800-1000 kg/m?) is used as a load-bearing material in the
composition of industrially produced sandwich blocks (Warmhouse® Ltd.). Expanded
polystyrene (EPS) was used as a thermal insulating layer in the composite block. Despite the
polymer origin, at present, EPS is one of the most economical and effective insulating
materials. At the same time, there is conflicting information about its environmental safety
over a long period of operation [22], [23]. Therefore, within the framework of ecological
construction, it would be wise to replace this material with natural biofibre insulating
materials.

A concrete wall structure with additional mineral wool insulation was used as reference
material. Normal concrete (NC) today is the main structural material for mass construction.
The traditional solution is a reinforced concrete wall insulated outside with mineral wool or
expanded polystyrene. Compared with other light materials considered in this work, NC has
the highest structural packing density and the lowest porosity. Thus, concrete has low vapour
permeability and moisture buffering capacity; therefore, it cannot naturally regulate the
indoor climate.
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TABLE 1. MATERIALS APPLIED IN REVIEWED WALL STRUCTURES

Material General components, kg/m® R, MPa Po, kg/m? A, W/mK
Autoclaved Aerated Lime, ground quartz sand, admixtures 15 350 0085
Concrete (industrially produced), water ’ ’
High Performance o+ (200), Sand (150), admixtures, water 1.5 450 0.11
Foam Concrete
High Performance
Foam Concrete Cement (140), Sand (100), Foam glass grains

. . 1.5 350 0.085
with foam glass (50), foaming agent, water
grains
Normal concrete Cement (330), Sand (750), crushed aggregate 35 2400 13

(1000)
Mineral wool Basalt fibres, binding resin binder - 100 0.037
Foam concrete Cement (450), Sand (300), admixtures, water 8.0 1000 0.23
Expanded
polystyrene EPS 20 0.033
Lime based hemp  Hemp shive/lime/pozzolanic admixture/water
comp. Lightweight  (100/60/40/175) 0.07 265 0.064
Dense (100/120//80/225) 0.15 368 0.082
MOC hemp
- Hemp shive (100), MgO (200), MgCl, solution
te d

composite dense (125). water (150) 2.00 450 0.13
MOC ht':mp Hemp shive (100), MgO (90), MgCl, solution 050 265 0.064
composite (55), water (150)

Designations: R, — compressive strength, p, — material dry density, A — coefficient of thermal conductivity

At present, using natural fibrous materials as a building insulation material is being revived
more and more in the world. Hemp concrete is the most famous and popular material in the
creation of environmentally friendly envelope systems. Moreover, bio-composite materials
are characterized by excellent hygrothermal properties that provide favourable temperatures
and humidity indoors [24], [25]. Hardening of lime binders takes place with the carbonization
process sequestering some of the CO» released in the production process [15]. Low strength
and slow hardening are the main disadvantages of lime-based composites. The use of various
additives provides an opportunity to improve the mechanical properties of lime binders
[14], [26].

Improved hemp-based composites have been developed and tested using magnesium
oxychloride cement (MOC) binder to enhance the performance of biofibre composites.
MOC is high early strength air-hardening cementitious material developed at the end of the
19t century, and it is also known as Sorel cement [27]. The main advantage of this material
is the excellent adhesion of the magnesia binder to the cellulosic aggregate. This makes it
possible to obtain lighter materials at the same strength [6]. Within the framework of the
study, MOC hemp bio-composite materials were developed with a density of 265 and
450 kg/m?.

In the laboratory, a significant number of experiments were carried out to determine the
thermal conductivity of various formulations of hemp biofibre compositions. It should be
noted that the determining factor affecting thermal conductivity is the density of the material,
regardless of what type of binder was used. The relationship between the density and the
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thermal conductivity of hemp bio-composite materials is presented in Fig. 1. Formulations on
magnesia binders are marked in red, but lime-based compositions are marked in green.
The trendline is in line with other author findings [28].

i L
E 020
& ®
E ® . L]
£ . ® .o
E 01s
=
= ot @
2 [} o @
z y @
E] o o 0f0%
£ o0 6o .8
= ' -
- Uad
(= R e L
] e®'® ¢
3 0.05
Qo
0.00
100 200 300 400 500 GO0 700
Density, kg/m?
® MOC hemp composites ®  Limehemp composites

Fig. 1. Relation Dry density — coefficient of thermal conductivity.

2.2. Methodology

The basic physical and mechanical properties of used materials were tested experimentally
in the laboratory. Compressive strength (R.) was determined in accordance EN 772-1.
Methods of test for masonry units — Part 1: Determination of compressive strength.
The coefficient of thermal conductivity A was tested by using Laser Comp heat flow
measurement device FOX 600 in accordance to EN 12667.

U-value (thermal transmittance, W/m?K) is the rate of transfer of heat through a wall
structure. U-value of individual separate layer is calculated as a relation of coefficient of
thermal conductivity of material (A, W/mK) and layer thickness (7, mm).

In the scope of this research, LCA was carried out according to ISO 14040/44 guidelines.
The goal of the LCA is to assess the global warming potential (GWP) of different wall
construction types, mainly focusing on mineral foam and biofibre composite materials and
comparing them to the traditionally used wall constructions. Cradle-to-gate system
boundaries were used.

The LCA calculation software SimaPro 8 were used, and the calculations were performed
according to the GWP 100a method. The functional unit was defined as a 1 m? of wall with a
similar U-value; this allows to compare the different construction types with each other.
The U-value was set in range between 0.17-0.20 W/m?K. The Ecoinvent database was used
for most of the processes along with additional data from research about the LCA of
hempcrete [6], hemp-magnesium panels [7], and foam concrete [6], [10].
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3. RESULTS AND DISCUSSIONS

3.1. Wall System Samples Used for Life-Cycle Assessment

Wall system samples used for LCA are summarized in Table 2. Sample numbers 1, 2, and
3 are monolithic wall blocks.

— Sample 1 is commercially used autoclaved aerated concrete (AAC) blocks having a
width of 500 mm and a U-value of 0.17 W/m?K;

— Sample 2 is monolithic high-performance foam concrete (HPFC) blocks with a width
of 600 mm and a density of 450 kg/m?. Increased width is needed to provide a U-value
of 0.18 W/m?K. Compressive strength is close to 1.5 MPa. This foam concrete has
been prepared using an industrial turbulence mixer with the effect of cavitation;

— Sample 3 is HPFC improved by adding foam glass aggregate (Fig. 2). It was proved
[29] that the use of intensive mixing technologies combined with lightweight fillers is
a way to achieve the lowest water absorption values and drying shrinkage, among other
types of cellular concretes. Furthermore, this composition is characterized by thermal
transmittance of 0.18 W/m?K. It is comparable to the AAC block;

— Sample 4 (Fig. 6) is an example of a traditional hemp concrete wall produced with
hydrated lime. In practice, the following technology for erecting a monolithic wall
from hemp concrete schemes is used. Initially, a wooden wall frame is installed.
Then, using sliding formwork, the volume of the wall is filled with a lime-hemp
mixture. Finally, the wall surface is covered with a layer of lime plaster to protect
against climatic influences and increase fire resistance. The load-bearing wooden
frame was considered in the GWP calculations. A mixture of hemp and binder was
taken from previous studies [6] with a density of 368 kg/m* and compressive strength
of 0.15 MPa — a minimum for monolithic hempcrete structures.

— Sample 5 is a commercially used 120-mm load-bearing concrete wall with 200 mm of
rock wool insulation and a total thermal transmittance value of U = 0.18 W/m?K.
This construction and AAC (Sample 1) can be regarded as a reference to traditional
wall systems for comparison with proposed wall solutions.

— Sample 6 is an industrially produced sandwich foam concrete block (Fig. 3 and Fig. 4)
with EPS thermal insulation. Sandwich foam concrete block consists of an outer and
inner layer of 60 and 100 mm thick 1000 kg/m3 dense foam concrete with a middle
EPS layer of 140-mm thickness, providing a total U-value of 0.20 W/m?K.

Fig. 2. High-Performance Foam concrete block with foam glass aggregate (Sample 3).
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Fig. 3. Industrially produced sandwich foam concrete block with EPS thermal insulation (Sample 6).

Sample 7 (Fig. 4) is an experimental sandwich hemp-foam block consisting of an outer
and inner layer of 100-mm thick medium-density MOC hemp concrete and lightweight
(350 kg/m®) foam concrete of 200-mm thickness, providing a total U-value of
0.20 W/m?K. This approach could considerably improve fire resistance and
exploitation safety of the wall elements.

Sample 8 (Fig. 5) is a prototype of a previously elaborated and patented [7] hemp-
magnesium sandwich panel with various density hemp concrete and a load-bearing
wooden frame, 370-mm total thickness, U = 0.18 W/m?K.

Sample 9 (Fig. 7) is a prototype of a newly developed panel for a prefabricated
building. Panel construction is similar to sample number 8, but a lightweight lime-
based biofibre composite replaces the inner layer. This system can find a wider
practical application in construction since lime composite is more accessible, cheaper,
and has a large vapour-buffering capacity.

It must be noted that the last two construction types (Samples 8 and 9), as well as a
traditional hemp concrete wall (Sample 4) require an additional load-bearing wooden frame
that was considered when conducting LCA.

Fig. 4. Experimental foam blocks (industrially produced): sample 6 (at the front), sample 7 hemp-foam concrete-hemp
(Sample 7, on the right).
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Fig. 5. Experimental sandwich hemp-magnesium sandwich panel (sample with various density hemp concrete).

Fig. 6. Lime based hemp biofibre composite monolithic wall (Sample 4): lime-hemp mixture filling in sliding formwork.
Hemp Eco Systems Latvia Ltd. Workshop.

Fig. 7. Sandwich hemp concrete wall full-sized panel: dense MOC-hemp composite slabs on the outer sides; light-weight
lime-hemp composite to be filled in internal layer.
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3.2. Results of the Evaluation of Physical Properties and Life-Cycle Assessment

The results of the evaluation of the physical properties (including thermal resistance,
thermal conductivity, and self-weight) and CO;, emission calculation results for different
external wall systems are summarized in Table 2 and Fig. 8.

It may be noted when comparing different wall systems that monolithic blocks require more
wall thickness to provide necessary thermal conductivity: 500 mm is required for AAC
concrete blocks and foam concrete with foam glass grains. An increased wall thickness of
600 mm is required for foam concrete without foam glass granules. This is due to the
impossibility of simultaneously providing low density, low coefficient of thermal
transmission and sufficient load-bearing capacity.

Sandwich systems with traditional thermal insulation have the least thickness of around
300 mm for a concrete wall insulated with rock wool (sample 5) and a foam concrete block
with incorporated EPS insulation (sample 6). At the same time, an insulated concrete wall has
the highest self-weight (326 kg/m?), but the monolithic high-performance foam concrete wall
has the second-highest self-weight (270 kg/m?).

The sandwich MOC biofibre hemp system (sample 8) has 7.5 lower CO, emissions,
comparing to Sample 5 insulated normal concrete wall (12.7 vs 95.5 kg/m?). Low GWP can
be explained by the origin of hemp shives as a by-product of hemp fibre production.
During the growth of hemp plants, CO, has been sequestered in the hemp plants and,
subsequentially, in the hemp shives. It must be noted that the MOC hemp composite sandwich
system (sample 8) has the lowest self-weight (91 kg/m?), 3.6 times lower than insulated
concrete wall.

Composite block (sample 7) is a compromise solution that includes foam concrete and bio-
fibre composite material. It has about three times less CO, emissions than pure cellular
concrete blocks but 2.5 times higher than Sample 8.

It is important to note that despite excellent physical and mechanical properties, HPFC
blocks with foam glass grains (sample 3) have the highest GWP value (117 kg/m?). At the
same time, this material has performed the highest exploitation safety because it does not
contain decomposing organic components. In this case, the phenomenon of a high GWP value
is explained by the high environmental impact of foamed glass grains, the main component
of improved foam concrete. These also require a significant amount of energy in the
production process, and a large amount of cement is required. If alternative types of cement
with a lower environmental impact or foam glass from recycled glass were used, it is possible
to lower the environmental impact of this block by up to 30 % [12]. Samples 1, 2, 5, and 6
have a similar GWP (82-96 kg CO;-eq/m?) due to a large amount of cement consumption.

It should be noted that the best solution in the light of environmental protection is a wall
structure from traditional hemp concrete (sample 4). This wall has a negative balance of
carbon dioxide (=30.91 CO,-eq/m?). This can be explained by the fact that hemp absorbs
carbon dioxide during the growth process, and the absorption of carbon dioxide continues
during the hardening of the lime binder [18]. The disadvantage of this construction is a large
amount of manual work, which determines the relatively high final cost.

The last developed solution for external walls (sample 9) may be regarded as a compromise
between sustainability and the possibility for industrialization of construction work. This wall
system has a negative balance of carbon dioxide emissions (=9.5 kg CO,-eq/m?). In this case,
the negative balance of carbon dioxide is provided by the lime biofibre composite, but the
magnesium component has a slightly positive GWP potential.
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TABLE 2. EVALUATION OF PHYSICAL PROPERTIES AND CO; EMISSION FOR DIFFERENT EXTERNAL

WALL SYSTEMS

. Pos A, 2 »  GWP, kg
Type Material kg ' W/mK T, m W/m2K G, kg/m COy-cq m?
1. Monolytic Autoclaved Aerates
block AAC Concrete (AAC) 350 0.085 0.50 0.17 175 82.8
2. Monolytic High Performance Foam
block FC Concrete 450 0.11 0.60 0.18 270 91.5
. High Performance Foam
3. Monolytic .
block FCG Cor}crete with foam glass 350 0.085 0.50 0.17 175 117.0
grains
Lime based hemp comp. 35 0082 0453 0.8 167
Lightweight ’ ’ ’
Total 0.453 0.18 167 -30.91
Normal concrete (NC) 2400 1.3 0.12 10.83 288
5. Sandwich
structure Steel mesh 12x200 mm 18
(traditional
concrete Mineral wool 100 0.037 0.20 0.19 20
framework)
Total 0.32 0.18 326 95.5
Foam concrete 1000 0.23 0.06 3.83 60
6. Sandwich Foamed polystyrene 20 0.033 0.14 0.24 2.8
foam concrete
block Foam concrete 1000 0.23 0.10 2.30 100
Total 0.30 0.20 163 82.4
Medium density MOC hemp 330 0.077 010 077 33
composite ’ ’ ’
7. Sandwich Lightweight HPFC 350 0.08 0.20 0.40 70
hemp-foam . .
block Medlum density MOC hemp 330 0.077 010 0.77 33
composite
Total 0.40 0.20 136 334
Dense MOC hemp 450 013 003 433 135
composite
Lightweight MOC hemp
3. Sandwich composite 210 0.062 0.29 0.21 60.9
hemp block Medium density MOC hemp 0.077 0.05 154 165
composite ’ ’ ’ ’
Total 0.37 0.18 91 12.7
Dense MOC hemp 450 003 0045 289 2025
composite
9. Lime-MOC  Lime based hemp comp. 265 0064 0310 021 8215
hemp Dense : ’ ) )
composite Dense MOC hemp
precast panel composite 450 0.13 0.045 2.89 20.25
Total 0.400 0.18 123 -9.5

Designations: p, — material dry density, A — coefficient of thermal conductivity, 7 — thickness, U — thermal transmittance,
G — self-weight, GWP — global warming potential.
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Samples with hemp-based fibre composites (samples 4 and 9) have similar self-weight close
to 168 kg/m?. The weight of these structures is half the weight of an insulated reinforced
concrete wall.
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GWP, kg CO, eq/m?
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: [ ]
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-40
O 1.Monolytic block AAC 0 2.Monolytic block FC
O 3.Monolytic block FCG 4. Traditional Hemp concrete wall with wood frame
[0 5.Sandwich structure (traditional concrete framework) 0 6.Sandwich foam concrete block
O7.Sandwich hemp-foam block O38.Sandwich hemp block
O9. Lime-MOC hemp composite precast panel

Fig. 8. CO, emissions for different external wall systems with similar U value.

4. CONCLUSIONS

The use of the sandwich wall system provides more effective utilization of raw materials:
wall thickness may be reduced from 500—600 mm using single-layer AAC and HPFC to up
to 300 mm thick wall using the sandwich block system.

The life-cycle assessment results show that insulated normal concrete wall, AAC, and foam
concrete are characterized by high CO; emission due to the high GWP of Portland cement.
The replacement of traditional materials with bio-based materials greatly reduces the
environmental impact of the sandwich blocks. A combination of natural fibre bio-composite
and mineral insulating foam makes it possible to obtain an eco-friendly and sustainable
sandwich-type wall system.

On the other hand, it must be noted that GWP is just one of the environmental impact
categories. To completely assess the environmental impact of the studied materials, more
comprehensive research is needed. Furthermore, the exploitation safety of the material should
be considered along with the indoor microclimate that the wall system can provide as both
influence human health and well-being.

The highest negative carbon dioxide balance (-30.91 CO,-eq/m?) is provided by a monolithic
lime biofibre composite wall. A good alternative solution is to use a magnesium-based (MOC)
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biofibre composite that has better mechanical properties and allows to obtain a lighter material
with better thermal insulation properties.

The most promising option for modern construction is the developed three-layer panel, which
consists of outer layers of hard MOC biofibre composite and an inner part of lime-based light
biofibre composite. This solution may be advisable both from environmental protection and
economic points of view and to ensure comfortable indoor conditions.

This study proved the possibility of replacing traditional wall materials with alternative natural
materials based on hemp fibre and mineral binder. The developed wall structures are not inferior
to traditional wall systems in terms of thermal insulation requirements, but these have a
significantly less environmental impact and GWP.
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