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1. Introduction and objectives

The biaxial load transferring reinforced concrete slab system developed by Unidome
Deutschland GmbH is characterized by void formers made of plastic material, which
replace a considerable proportion of the reinforced concrete with air in places that are of
minor importance for the load transfer.

As a result, such less heavy reinforced concrete slabs can be made significantly slimmer
with the same geometry and load. The saving of concrete is therefore not only given by
the substitution as a result of the void formers, but also by the slimmer construction.

The saving of building materials correlates with the reduction of environmental impacts
caused by the extraction of raw materials, the production of building materials and their
transport and use in a building.

In this report, the environmental effects of a reinforced concrete slab with Unidome void
formers are compared and quantified with a conventional, solid reinforced concrete slab.
The results of this report can, for example, serve as the basis for life cycle assessments
that are to be prepared for sustainability analyses of buildings and their certificates.

The investigations on which this report is based on are limited to the slab system. Other
positive effects on other load transferring components of a building are not taken into
consideration in these investigations. The database used is the generally acknowledged
OKOBAUDAT released by German Federal Ministry of the Interior, Building and Home
Affairs (www.oekobaudat.de).

2. Fundamentals

2.1. OKOBAUDAT

Okobaudat represents a harmonized database. It forms the basis for life cycle assessments
of buildings over their entire life cycle. In this report it is used for an exemplary comparison
of a conventional solid slab system and the Unidome void former slab system. The
database is used in the current version 2020-I1 from April 39, 2020.

2.2. Environmental impacts, indicators, and resources consumption

Evaluation criteria are defined to describe the various environmental impacts. The
environmental impacts are quantified using the indicators described below:
= Global Warming Potential - GWP; Greenhouse gas emissions lead to anthropogenic
climate change. Climate change poses a threat to the entire ecosystem on earth and
therefore is a challenge for the humanity. The construction and operation of
buildings is responsible for a large proportion of the greenhouse gases released,
which opens the chance for a considerable reduction of anthropogenic greenhouse
gases by appropriate planning. In addition to the release of greenhouse gases in the
operating phase, the manufacturing and disposal of the building materials used also
play a decisive role in the life cycle assessment. The assessment considers the CO»



equivalent for construction, use and disposal of the building over a period of 50
years.

= Qzone depletion potential- ODP; Ozone, which occurs only in low concentration in
atmosphere, shields a large part of the UV radiation. Chlorofluorocarbons are
largely responsible for the fact that the ozone layer, which is so important for
humans, flora, and fauna, has partially receded in the past. To counteract further
destruction of the atmospheric ozone layer and to support its natural regeneration,
the release of substances that damage the ozone layer into the earth's atmosphere
must be reduced to a minimum. The assessment is based on the
trichlorofluoromethane equivalent for the life cycle stages.

= Photochemical Ozone creation potential — POCP; Photochemical ozone is formed
through reaction with tracer gases (e.g. nitrogen oxides and hydrocarbons). This
photochemical ozone formation is also called ozone-smog and may attack the
respiratory organs and can damage plants and animals. To assess the photochemical
ozone creation potential (POCP) of a building during construction and operation,
ethene equivalents are used for the life cycle stages.

= Acidification potential— AP; The term "acid rain" was defined in the 1980s due to the
damages caused by precipitation. Deficiencies of nutrient supply of organisms, a
disruption of the water balance, forest dieback and fish kill, but also damage to
historical buildings and much more can be attributed to “acid rain”. For the
assessment of the acidification potential (AP), sulfur dioxide equivalents are
considered for the life cycle stages.

= Eutrophication potential — EP; Over-fertilization (eutrophication) refers to the
increase of nutrients in soil and water. Nutrients are released into the
environment during the manufacturing of construction products and as a result of
the combustion of fossil fuels. Nitrogen and phosphor lead to increased algae
growth with the resulting adverse effects on plants and animals. For the
assessment of the eutrophication potential (EP), phosphate equivalents for the life
cycle stages are used.

Furthermore, the use of resources such as raw materials, energy and space must be
reduced by improving the efficiency of use. The demand for resources, especially for
energy, is also considered during the life cycle of a building, divided into the
renewable and non-renewable primary energy demand. In general, it is necessary to
reduce the total demand for energy, which can be achieved by increasing energy
efficiency. An increase in the proportion of renewable energy and the associated
reduction in the proportion of non-renewable energy represents a further target and
helps to minimize the consumption of resources, in this case fossil fuels.



2.3. Data for comparative calculation

For the compilation of the environmental impact of a building component, in this specific
case the reinforced concrete slabs, numerous data are collected and evaluated. This report
compares a Unidome void former slab with a conventional, solid reinforced concrete slab.
Design and calculation criteria are kept the same and only those boundary conditions are
varied that are expected to have a significant difference in effect. The first section describes
the boundary conditions that apply fundamentally for both systems. In the second section,
the differing data are explained.

2.3.1.  Generally valid data for both systems

After consultation with Unidome, a concrete grade of C30/37 is assumed for the further
approach. The data set! used for the calculation of environmental impacts is derived from
the database Okobaudat. These are in detail the data for the life cycle stages Al "Raw
material supply", A2 "Transport of raw materials to the concrete plant", A3 "Concrete
production"”, A4 "Transport to construction site" and A5 "Placement of concrete on the
construction site". Furthermore, the end of life stages are considered as follows: Life cycle
stage C1 "De-construction and demolition", C2 "Transportation of concrete demolition for
processing” and C3 "Crushing of concrete".

For steel reinforcement, the life cycle stages Al to A4 and C1 to C2 are considered. Stages
Al to A3 and C1 to C2 are taken from the corresponding Okobaudat data set?. Stage A4 is
calculated using a truck transport data set® and an average transport distance. The
transport distance is set to an average of 30 km after consultation with Unidome. For life
cycle stage A5 "Installation of the reinforcement on site" there is no suitable approach, the
resulting environmental impacts are considered negligible. Phase C3 "Waste treatment”,
which is comparable to concrete, is not relevant for reinforcing steel. The reinforcement
ratio of the slabs is assumed to be 120 kg/m? in agreement with Unidome. To support the
upper reinforcement, DBV-BT cages with a weight per unit of 0.91 kg/m? for an 18 cm slab
thickness and 2.75 kg/m? for a 40 cm slab thickness are considered. The appropriate values
for intermediate slab thicknesses are interpolated in a straight line.

! (OEKOBAU.DAT: 1.4.01 Mineral building products / Mortar and Concrete / ready mixed concrete / C30-37,
2020-11)

2 (OEKOBAU.DAT: 4.1.02 Metals / Steel and iron / Steel reinforcement mesh / Reinforcement steel, 2020/I1)

3 (OEKOBAU.DAT: 9.3.01 Others / Transport of goods [t km] / Truck, 2020/11)



2.3.2.  Separate data for the Unidome slab system

The Unidome void former slab system substitutes a certain part of the concrete through at
first the direct displacement of concrete by Unidome void formers, furthermore through
the reduced slab thickness as a result of the lower load on the slab. The reduced amount of
concrete leads to less environmental impact of a Unidome slab compared to a conventional,
solid reinforced concrete slab. Ultimately, however, a comparison must also consider the
environmental impacts that are added specifically as a result of the Unidome system. These,
in turn, are directly related to the void formers and their life cycle stages, which are
described in more detail below.

In production phase, only stages A2, A3 and A4 are applied for the compilation of data
related to the void formers. Stage Al "Raw material supply" is not considered, as the void
formers consist of 100% recycled material. According to Unidome, stage A2 "Transport of
the raw material for production" is considered with 200 km truck transportation* distance.
Electrical energy consumed for production of concrete formers accumulates, according to
Unidome, to approximately 0.10 kWh per piece. For the resulting environmental impacts,
the data set® "Strommix DE 2015" of Okobaudat is used. The environmental impacts of the
data set used are generally speaking comparable with those resulting from the electricity
mix at the manufacturing place of the concrete void formers. For the transport of the void
formers to the construction site, 2000 km truck transportation® is assumed. The distance
does not play a significant role in the chosen approach. If the void formers are used at
significantly more distant locations, a separate assessment of stage A4 may be applied. The
assembly of the void formers (stage A5) at the construction site is generally done manually,
if necessary with a few crane movements of the site crane, and is therefore not considered
further due to its negligible size.

Disposal is considered by stage C2 "Transport of the void former fractionary" and C3 "Waste
treatment". Stage C1 is not relevant, as the void formers are dismantled together with the
reinforced concrete slab. Separation of the void former fractionary from the surrounding
concrete is possible by simple means and does not cause any significant environmental
impact. Disposal (C4) is not an issue, as the concrete formers are either thermally utilized
or recycled. For further assessment, the most realistic scenario possible is considered with
rates of 70% recycling and 30% thermal recovery. The calculation of the environmental
impacts from stages C2 and C3, is based on a data set’ for polypropylene wastewater pipes
as part of Okobaudat.

The steel content of the Unidome slab is also determined based on a reinforcement ratio
of 120 kg/m?3. The lower loading of the Unidome slab as a result of the substitution of
concrete by air, leads to the opportunity to reduce the steel reinforcement. For a Unidome
slab with 18 cm thickness, the reinforcement content is reduced by 6%, and for a thickness
of 40 cm, 16% less reinforcement may be applied. The reinforcement required to assemble

4 (OEKOBAU.DAT: 9.3.01 Others / Transport of goods [t km] / Truck, 2020/11)

5 (OEKOBAU.DAT: 9.2.05 Others / Energy carrier - delivery free user / Electricity / Electricity grid mix 2015,
2020/11)

5 (OEKOBAU.DAT: 9.3.01 Others / Transport of goods [t km] / Truck, 2020/11)

7 (OEKOBAU.DAT: 6.1.02 Plastics / Pipes / Sewer pipes / Sewer pipe PP, 2020/Il)



the void formers is independent of the slab thickness and is assumed to be 1.0 kg/m?. The
required bond reinforcement is considered with a weight of 0.9 kg/m? for an 18 cm slab
thickness and with 1.92 kg/m? for a 40 cm slab thickness. The respective corresponding
values for intermediate slab thicknesses are interpolated in a straight line.

. Results

3.1. Basics

The diagrams shown in the following sections compare the results for a conventional, solid
reinforced concrete slab with the results for a Unidome void former slab. In a first approach
the diagrams allow the comparison of a solid reinforced concrete slab of the same thickness
with a Unidome slab in the area with void formers. The potential for slimmer Unidome slabs
due to the load reduction is described in chapter 3.3. Chapter 3.5 explains the
determination of the environmental impact of a Unidome slab taking into consideration the
degree of coverage with void formers.

3.2. Graphical comparison

The following figures show the results of the individual impact categories. Qualitatively,
the trends of all categories are very similar.
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Figure 1: Savings of global warming potential

Greenhouse gas savings rise with increasing slab thickness from slightly more than 7% at a
thickness of 18 cm to about 22% at a slab thickness of 40 cm.



The saving of released gases, which are responsible for the stratospheric ozone layer
depletion is about 19% for a slab thickness of 18 cm, and about 32% less environmental
impact is caused for a thickness of 40 cm.
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Figure 2: Savings of the released ozone depletion potential

The creation of photochemical ozone, better known as ozone-smog, is reduced between
11.5% for an 18 cm concrete slab thickness and almost 24% for a 40 cm concrete slab
thickness.
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Figure 3: Savings of the photochemical ozone creation potential (ozone-smog)




Acidification potential
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Figure 4: Savings of the acidification potential

Sulphur dioxide and other substances responsible for soil and water acidification can be
reduced between roughly 11.5% and 25%.

Eutrophication potential
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Figure 5: Savings of the Eutrophication potential

The input of nitrogen and phosphorus into soils and water can be countered with a
reduction of 12% for an 18 cm slab thickness and 26% for a 40 cm slab thickness.
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Primary energy demand
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Figure 6: Savings of the Primary energy demand (PERT) und total (PE total)

Figure 6 shows the possibility of saving resources based on primary energy savings. Shown
are the total primary energy demand (PE total), and the share of renewable primary energy
(PERT). The savings range from about 4.5% to 19% for renewable primary energy and about
7% to 22% for total primary energy use.

By weighting the various environmental impacts, it is possible to calculate a ratio per slab
thickness that provides an averaged statement of all savings. For this report, 40% of the
weighting is applied to GWP and 10% for each other environmental impact ODP, POCP, AP
and EP. In addition, the primary energy demands PERT and PE are weighted 10% each. The
weighted result is shown in Figure 7. The percentage increase of savings as a function of
the increasing slab thicknesses can be seen well.
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Weighted overall result of environmental impacts
Assumptions: 100% area with void formers, same solid slab thickness
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Figure 7: Weighted overall results

3.3. Consideration of a possible slab thickness reduction

The results shown in the previous chapter assume that the slab thickness of the void former
slab is the same as the slab thickness of the solid concrete slab. Due to the reduction of the
dead load as a result of the void formers, the slab thickness of the Unidome slab can be
reduced compared to the ordinary reinforced concrete slab while maintaining the same
properties in terms of deformation and load-bearing capacity. This reduction is then in turn
reflected in a further saving of environmental impact.

Figure 8 shows schematically the possibility of further savings in greenhouse gases,
representative for all other environmental impacts. It should be noted here that a Unidome
slab with a thickness of 18 cm cannot be reduced further.

With a slab thickness of about 19 cm, the Unidome slab will be about 1 c¢cm thinner,
depending on the structural system and the loading. At a slab thickness of 30 cm, the
possible slab thickness reduction is assumed to be about 2 cm. Starting from a slab thickness
of 38 cm, a reduction of about 3 to 3.5 cm is assumed.

12



Global warming potential
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Figure 8: Further greenhouse gas (GWP) savings as a result of a reduction in slab thickness

In specific cases the assumptions presented in Figure 8 for possible reductions in the slab
thickness of a Unidome slab compared to a solid concrete slab are to be determined by
calculation. Chapter 3.3 particularly serves for illustration of the possible potential for
further savings.

3.4. Overall weighted result for a Unidome slab with mean coverage of
void formers and slab thickness reduction

As explained in Chapter 3.2, the results shown in Figures 1 to 7 apply to a coverage by void
formers of 100%. Further savings due to a possible reduction of the slab thickness are not
shown in these figures. Both boundary conditions influence the results. In the following, the
"weighted overall result" known from Figure 7 is presented, considering usual boundary
conditions for the coverage by void formers and the slab thickness reduction. The
percentage of the area covered by void formers is usually between 60% and 70%, which
leads to a mean value of 65%. The possible reduction of the slab thickness is considered
staggered between 0.9 cm for an 18.9 cm solid slab thickness and 3.5 cm for a 43.5 cm solid
slab thickness. Figure 9 compares the results of an Unidome slab with 65% void formers
with the results for solid slabs with a variation of increased thickness between 0.9 cm and
3.5 cm. The influence of a concrete slab that is only partially covered with void formers can
be almost completely compensated by the reduction of the slab thickness. In the
comparison of the two figures 7 and 9, only very slight differences can be seen.
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In conclusion, considering the weighting applied, an overall saving in environmental impact
of between 10% for an 18 cm Unidome slab thickness and approximately 22% for a 40 cm
thickness one can be detected.

Weighted overall result of environmental impacts.

Assumptions: 65% area with void formers, increased solid slab thickness

—— Solid reinforced concrete slab  —@— Unidome slab

110,0%

Slab thickness solid slab

18,9 21,0 23,2 255 27,7 299 322 344 37,8 41,2 43,5 [cm]
100,0% L i i i i i i L i i i
90,0%
80,0%
70,0%
60,0%

16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

Slab thickness Unidome slab [cm]

Figure 9: Weighted overall result for a mean coverage by void formers and a slab thickness reduction

3.5. Determination of the environmental impact of a Unidome slab

Considering the boundary conditions described in chapters 2.3 and 3.1, the environmental
impacts of a solid reinforced concrete slab and the possible savings by applying a Unidome
slab can be presented tabularly in the form of data sheets.

The data sheets for Unidome void formers of sizes XS60 to XS260, included in the appendix
to this report, show in the upper part the results for solid reinforced concrete slabs with
thicknesses between 18 cm and 40 cm. In the lower part of the tables, the savings resulting
from the use of void formers are shown. The resulting environmental impact of a Unidome
slab is obtained by adding the values for the solid slab (upper part of the data sheets) with
the deduction values for the void formers (lower part of the data sheets). The area covered
by Unidome void formers must be considered by multiplying the deduction values for the
void formers by the degree of coverage. The degree of coverage results from the structural
calculation, in particular from the necessary consideration of the shear force bearing
capacity of the Unidome slab and averages out at 65 (£5) %. In the case that the structural
calculation allows a slimmer slab thickness and this potential is used for further savings, the
corresponding values can be taken from different data sheets. The data sheets allow a
differentiated consideration of different life cycle stages. Thus, it is often desired to
differentiate between a consideration of the stages A1-A3, C3 on the one hand or all
relevant stages A1-A5, C1-C3 on the other hand.

14



4. Final remarks and conclusion

Different international goals for climate protection demand solutions for more energy
efficiency in the operation of structural systems and buildings, but also the consideration
of climate-relevant factors associated with the entire life cycle. The importance of
sustainable construction has increased significantly in recent years. The life cycle
assessment of components and buildings over their entire life cycle, from manufacturing
and dismantling to any necessary disposal or recycling, plays a considerable role here.

Massive concrete components are important in life cycle assessments because of their
cement content. If parts of the concrete can be substituted by other, less environmentally
effective components, the resulting savings are of great importance.

The Unidome void former slab replaces part of the concrete with air and allows the designer
to generate a slimmer concrete slab with a significantly lower weight per unit area, with
almost unchanged properties. In multi-story buildings, the cumulative load reduction can
bring additional potential savings in other structural components, such as the building's
foundation.

From the point of view of sustainable construction, the Unidome void former slab
represents an innovative and sustainable element.

Sources

OEKOBAU.DAT: 1.4.01 Mineral building products / Mortar and Concrete / Ready mixed concrete / C30-

37. (03. 04. 2020-11).

OEKOBAU.DAT: 4.1.02 Metals / Steel and iron / Steel reinforcement mesh / Reinforcement steel. (03.

04. 2020/I1).
OEKOBAU.DAT: 6.1.02 Plastics / Pipe / Sewer pipe / Sewer pipe PP. (03. 04. 2020/Il).

OEKOBAU.DAT: 9.2.05 Others / Energy carrier - delivery free user / Electricity / Electricity grid mix
2015. (03. 04. 2020/11).

OEKOBAU.DAT: 9.3.01 Others / Transport of goods [t km] / Truck. (03. 04. 2020/11).
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Data sheet 1: Environmental impact void formers XS60
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Data sheet 5: Environmental impact void formers XS160
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Data sheet 6: Environmental impact void formers XS180
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Data sheet 7: Environmental impact void formers XS200
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Data sheet 8: Environmental impact void formers XS220
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Data sheet 9: Environmental impact void formers X5240
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Data sheet 10: Environmental impact void formers XS260
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Attachment 2 — Exemplary calculation of the environmental impact of
a Unidome slab

This exemplary calculation shows the environmental effects of a 40 cm thick Unidome void
former slab. The structural calculation results in a coverage rate of 67% with void formers. For
the sustainability assessment, the environmental impacts of all relevant life cycle stages are
important.

Procedure:

1. Selection of the Unidome void former and the corresponding data sheet
- Data sheet XS5260

2. Extracting the environmental effects of the solid reinforced concrete slab (e.g. GWP)
- GWP =133,271 kg CO2 Equivalent/m?

3. Extracting the resulting deduction values for the Unidome slab. (e.g. GWP)
- GWP =-30,377 kg CO2 Equivalent/m?

4. Determination of the environmental impacts for the Unidome slab with a coverage
rate of 67% (the resulting value provides the mean value per m? slab area):
- GWP =133,271-0,67 - 30,377 = 112,918 kg CO2 Equivalent/m?

For the other environmental effects, proceed accordingly. If a different slab thickness is to be
executed in connection with the void formers, here in example XS260, the data of the solid
reinforced concrete slab must be extrapolated or interpolated between two data sheets.
Alternatively, the data can also be calculated with other software-tools. The final values for
the Unidome slab are obtained by adding the deduction values, according to step 3 of the
procedure, which only depend on the type of Unidome void former to be used, but not on the
slab thickness.
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