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Abstract

Concrete production is a major source of greenhouse gas emissions, making low-CO, mix
design optimisation a key challenge for the construction sector. Any reduction strategy
must maintain workability, durability, and long-term performance. The Austrian ‘White
Tank’ concept, regulated by the OBV-guideline (concrete standard code ‘BS1’), has proven
its reliability over decades through optimised concrete compositions that reduce the heat
of hydration, limit cracking, and ensure durability. ‘Concretes with Reduced Early-Age
Cracking Tendency’ (2023) introduced the concrete standard code ‘BS2’. Both ‘BS1” and
‘BS2’ enable significant CO, reductions through the use of clinker-reduced binders and
alternative aggregates while maintaining validated performance and durability.

Keywords: low-carbon concrete; clinker reduction; performance-based concrete standards;
durability and crack limitation; global warming Potential (GWP)

1. Introduction

Adopted in 2019, the European Green Deal aims to make Europe more sustainable by
transforming its economy, energy supply, transport and industry [1]. For the construction
sector, which plays a key role due to its high resource and energy consumption, this brings
specific new regulations closely linked to the Green Deal. These include the EU Energy
Performance of Buildings Directive [2], the EU Construction Products Regulation [3] and
the EU Taxonomy Regulation [4]. The overarching goal of the European Green Deal is to
achieve climate neutrality (net-zero greenhouse gas emissions) by 2050 [5].

Concrete construction, in particular, contributes significantly to global greenhouse
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compromising technical performance compared to conventional concrete standards as spec-
ified in ONORM B 4710-1:2018 [7]. The objective of this study is to present the possibilities
and benefits of these concrete standard codes and to assess their environmental advantages.
The paper first introduces the principles and requirements of these OBV-guidelines in which
the concrete standard codes ‘BS1” and ‘BS2’ are defined. Subsequently, the applied life cycle
assessment methodology and the considered system boundaries are described. Finally, the
average Global Warming Potential (GWP-total) of the concrete standard code BS2 concretes
is evaluated and compared with concretes according to conventional concrete standards.

2. Current Situation—Reducing the CO, Footprint of Concrete

Due to the significant CO, emissions produced by the manufacture of cement and con-
crete, it is crucial to consider potential savings in the production and operation of concrete
structures. There are numerous effective measures available to improve the environmental
footprint of concrete structures (see Figure 1). In addition to optimised concrete use (e.g.,
optimised load-bearing structures and logistics), other synergy effects (e.g., thermal compo-
nent activation) and the potential for concrete to act as a CO,-sink (through carbonation),
designing a concrete mix with the lowest possible environmental footprint is a key approach.

Potential for improving the
environmental footprint of
concrete structures

Concrete composition
v A

Figure 1. Measures to reduce CO, emissions from concrete.

The current focus of reducing the CO, footprint of concrete is on producing and using
low-carbon binders. For example, CEM II/C-M cements, which are widely available in
Austria, contain up to 50 percent less clinker than CEM I cements according to EN 197-
5:2021 [8]. In some applications, new types of additives (e.g., tempered clays) or entirely
new types of binders (e.g., geopolymers) may also play a significant role in the future.

Furthermore, the focus is increasingly on optimising the overall concrete mix design,
i.e., selecting and combining constituents for a specific usage. Functionality, suitability for
use and durability are ensured by complying with the mixture composition (descriptive
system). Tests on hardened concrete are now used to demonstrate individual performance
requirements, as a derogation from this. The European standard in accordance with EN
206:2021 [9] for concrete production provides basic requirements for such performance
concepts for concrete or binders.

The need to ensure that the concrete remains fit for purpose and that its service life
is at least equivalent to that of existing systems is underlined by all these considerations.
This is because reducing CO, emissions during the manufacturing phase, at the expense
of durability, usually results in a massive increase in emissions when viewed over typical
service lives, particularly in the case of infrastructure projects.
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For this reason, among others, it appears reasonable, at least in the short term, to fall
back on tried-and-tested approaches that already incorporate testing of hardened concrete.
This also happens with the concrete standard codes ‘BS1” and ‘BS2’, for which comprehensive
guidelines covering everything from design and production to construction have been in
place for decades. These guidelines consider the specific characteristics of these concrete
standard codes. Another guideline, derived from concrete for white tanks from a concrete
technology perspective, concerns concrete with a reduced tendency for early-age cracking.
This can be used for a wide range of applications in the infrastructure sector, not just
watertight structures. The two guidelines are described in more detail below, followed by
an environmental comparison between concretes with reduced early-age cracking tendency
and conventional concrete standards. The requirements for conventional concrete standards
are regulated in Austria by ONORM B 4710-1:2018 [7].

3. Concrete Standard Code ‘BS1’ in Accordance with the OBV-Guideline
“Watertight Concrete Structures—White Tank Systems’ [10]

The construction method known as the ‘white tank (watertight concrete structures)’
in accordance with the OBV-guideline ‘Watertight Concrete Structures—White Tank Sys-
tems’ [10], has proven itself over several decades as a reliable solution in structural concrete
construction in Austria. By optimising the concrete mix, mainly by reducing the heat of
hydration, and limiting the temperature of the fresh concrete, the maximum temperature
increase in the structural element during the curing phase can be significantly reduced.
This results in lower thermally induced stresses and, consequently, a reduced potential for
cracking. This forms the basis for durable constructions.

The foundations of the technology behind watertight concrete structures can be traced
back to ancient times. As far back as the Roman Empire, additives were used in concrete to
build well-known structures, some of which still stand today, such as the Pantheon in Rome
and the water basins at Hadrian’s Villa east of Rome [11]. These additives are comparable
to those used in contemporary construction. In the modern era, the infrastructure boom of
the 1980s and 1990s, with its faster design cycles and resulting need for grade-separated
junctions, led to the first guidelines for calculating, designing and constructing watertight
transport infrastructure in Austria. These so-called ‘white tank systems’ are defined as
watertight structures in which the reinforced concrete structure fulfils both load-bearing
and watertighting functions. This principle essentially relies on the impermeability of the
concrete structure, which is achieved by adhering to the concrete standards outlined in
the guidelines, preventing cracks, distributing cracks through suitable reinforcement and
subsequently sealing them where necessary.

The composition of the concrete is essential for the performance of white tanks. It must
ensure good workability and a dense structure with low bleeding while minimising thermal
and shrinkage stresses. Due to the requirement for the heat of hydration during hardening
to be as low as possible, low-heat-generating cements are used for concrete standard code
‘BS1". Furthermore, the smallest possible quantities of binder and water should be used. To
reduce the clinker content, which is primarily responsible for heat generation, part of the
binder is replaced by ‘type Il additives’”. “Type II additives” primarily include granulated
blast furnace slag and fly ash, the latter of which is now scarcely available in Austria.

4. Concrete Standard Code “BS2’ in Accordance with the OBV-Guideline
‘Concretes with Reduced Early-Age Cracking Tendency’ [12]

To harness these positive effects in structures where waterproofing is not required,
a separate OBV-guideline for concrete with reduced susceptibility to early-age cracking
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was developed and published in January 2023. The use of clinker-reduced binders and
alternative aggregates (e.g., ‘type II additives’) also reduces the tendency for early-age
cracking. This enhances the robustness of the structure and extends its service life, while
significantly reducing CO, emissions.

Introducing concrete standard codes for specific structural components makes it easier
for everyone involved in the design, production and construction processes to identify the
appropriate grade, thereby standardising the industry. The OBV-guideline ‘Concretes with
Reduced Early-Age Cracking Tendency’ defines specific standard concrete types within
the BS2 concrete standard code that are tailored to the varying requirements of individual
structural components (see Figure 2):

BS2 A—for walls and slabs;
BS2B—for massive structural elements;

BS2C—for structural elements in areas exposed to salt-laden splash water;
BS2D1—for structural elements with high strength requirements;

BS2D2—for structural elements with high strength requirements and exposure to
de-icing salt spray.

High strength
m requirements +
( Dl ) de-icing salt spray m

High strength O 3
requirements

Walls and

slabs
bridge framework

H BS2B
: a a: g
It Massive
foundation / structural

salt-laden
splash water

Pillar /col

Figure 2. Concrete standard code ‘BS2’ in accordance with the OBV-guideline, along with their typical
applications.

The requirements for standard concrete grades vary depending on their respective
exposure class. Consequently, the specified minimum binder content and maximum wa-
ter/binder ratio vary accordingly.

5. Global Warming Potential Analysis of Concrete Standard Code “BS2’

The unit of construction management and tunnelling at the University of Innsbruck
was commissioned by OBB-Infrastruktur AG to conduct a life cycle assessment (LCA) of
different ‘standard concrete code mixes’. To evaluate their performance, five of these concrete
formulations are subsequently compared with standard concrete types. The selection of
these specific mixtures was dictated by the availability of sufficient comparative data. The
study aims to assess the climate-related impacts of concrete production by evaluating the
Global Warming Potential total (GWP-total).

5.1. General

Life cycle assessment (LCA) systematically analyses the environmental aspects and
potential impacts of a product throughout its life cycle [13,14]. In accordance with ISO
14040 [13] and ISO 14044 [15], an LCA comprises goal and scope definition, life cycle

inventory analysis, impact assessment, and interpretation. For construction products and
civil engineering works, this study follows EN 15804 [16] and EN 17472 [17].
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The goal of this study is to evaluate the GWP of the ‘standard concrete code mixes’
at the product stage. The declared unit is defined as 1 m?® of unreinforced fresh concrete.
The system boundary is defined as cradle-to-gate and is declared as on aggregated module
A1-3 (A1, raw extraction and processing; A2, transport to the manufacturer; and A3,
manufacturing) [16].

5.2. Life Cycle Inventory

The life cycle inventory (LCI) quantifies all relevant material and energy flows within
the defined system boundary. Data are assigned to the respective process modules and
scaled to the reference flow of the declared unit [13,14].

The background data of the concrete mixes were collected from Austrian companies
using a questionnaire provided by the GVTB (Gtiteverband Transportbeton). LCA data
for ‘type II additives’, cement, clinker, limestone, and limestone powder were taken from
Austrian Environmental Product Declarations (EPDs) [18-20]. With regard to the composi-
tion of the cements, the maximum amount of composite material and a 5% share of minor
components (5% anhydrite, of which 1% was REA gypsum) were used [21].

In consultation with GVTB, the transport distances were assigned for the con-
stituents [18]. The LCA data for the manufacturing process (electricity consumption,
thermal energy, etc.) were obtained from the Average Cement EPD [19] and the VOZ
(Vereinigung der Osterreichischen Zementindustrie) study [18,20].

5.3. Impact Assessment

The life cycle impact assessment (LCIA) links the LCI results to impact indicators to
evaluate potential environmental impacts [13]. In this study, the Global Warming Potential
total (GWP-total) is reported in kg CO,-eq. The analysis identified the minimum, maximum
and average values of the GWP-total; the following section only refers to the average values.

5.4. CO,-Analysis Results

The results for five different types of concrete standard codes ‘BS2” are shown below
as examples (see Table 1). These are average values derived from various concrete designs.

Table 1. GWP-total results for 1 m® fresh concrete, A1-3.

Concrete Standard Code ‘BS2’ GWP-Total [kg CO, eq.]
C25/30—BS2A 146.95
C30/37—BS2A 134.12
C35/45—BS52D2 187.93
C40/50—BS2D2 191.83
C25/30—BS2C 178.41

Analysing the GWP results for the life cycle phase modules A1-3 shows that significant
savings can be achieved with the concrete standard code BS2 compared to conventional
concrete standards according to ONORM B 4710-1 [7,18], for comparable exposure require-
ments (see Figure 3). The most significant reduction of 28% is achieved with C30/37 BS2A:
the conventional concrete standard results in 186.10 kg CO,-eq for the production phase,
whereas the BS2A variant results in 134.12 kg CO,-eq.

The analysis was carried out on the basis of the specified mix designs (see Section 5.2).
The results show that the GWP values are significantly influenced by the respective compres-
sive strength and exposure classes. In particular, the choice of binder and the proportion of
cement clinker it contains have a significant influence on the level of the GWP values.
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Figure 3. A comparison of the GWP-total results of concrete standard code ‘BS2” with conventional
concrete standards.

6. Conclusions

This study analyses the ‘cradle-to-gate’ life cycle, covering modules A1-3. The down-
stream life cycle phases (A4-C) and module D were not considered. The results show that
BS2 has significant reductions relative to the conventional concrete standards as specified in
ONORM B 4710-1 [7]. Furthermore, the concrete standard code BS2 has no disadvantages
in terms of service life compared to conventional concrete standards, demonstrating com-
parable resistance and durability to standard concrete mixes. However, when evaluating
a construction project holistically, the entire life cycle must always be taken into account.
Due to their inherent durability, concrete structures can deliver significant advantages over
their extended service lives [22]. In addition to life cycle assessment, broader indicators of
holistic and circular sustainability should therefore also be considered.

The integration of the Austrian concrete standard BS2 into guidelines and technical
regulations is a key prerequisite for the practical application of this concept in construction
practice. It establishes the basis for the systematic and quality-assured use of temperature-
and CO,-reduced concretes in transport infrastructure construction.

The reduction in CO, emissions in the production phase, while maintaining the same
resistance and unchanged durability, represents one of the key challenges of clinker-reduced
concrete mixes. In this context, particular attention must be paid to high execution quality
and adequate curing of young concrete surfaces. The consistent implementation of appro-
priate curing measures is an essential factor for the long-term performance of CO,-reduced
concretes in infrastructure construction.
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Abbreviations

The following abbreviations are used in this manuscript:

EPD Environmental Product Declaration

GVTB Giiteverband Transportbeton

GWP  Global Warming Potential

LCA Life Cycle Assessment

LCI Life Cycle Inventory

LCIA  Life Cycle Impact Assessment

VOZ  Vereinigung der osterreichischen Zementindustrie
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