
 

Safety and sustainability of new admixtures for durable concrete 
 

N. Al-Ayish 1, U. Mueller1, E.K. Karaxi2, I.Α. Kartsonakis2, C.Α. Charitidis2, L. De 
Meyst3  

 

1RISE Research Institutes of Sweden, Drottning Kristinas väg 26, 114 28 Stockholm, Sweden 
email: nadia.al-ayish@ri.se; urs.mueller@ri.se 
2NTUA National Technical University of Athens, Research Unit of Advanced, Composite, 
Nanomaterials and Nanotechnology, Heroon Polytechniou St. 9, Zographos, Athens, Greece 
– email: dcar@chemeng.ntua.gr;  ikartso@chemeng.ntua.gr;  charitidis@chemeng.ntua.gr  
3 Magnel Laboratory for Concrete Research, Ghent University, Tech Lane Ghent Science park, 
Campus A, Technologiepark-Zwijnaarde 60, 9052 Ghent, Belgium – email: : 
Laurence.DeMeyst@UGent.be 
 

 

Abstract 
The sustainability of concrete infrastructures is highly dependent on the durability. A 
longer service life with low repair work reduces the resource use and hence the 
greenhouse gas emissions. New admixtures based on nanomaterials have the 
possibility to increase the service life. However, it is also important to consider the 
embodied impact of the material and safety issues concerning new nanomaterials. 
Here we present an overview on the latest developments on the safety and 
sustainability of some novel admixtures. 
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1. Introduction 
As the global population is growing there will be an increased need in energy demand. 
In order to have a safe and sustainable energy production, the infrastructure needs to 
be durable. Usually, the concrete is subjected to severe environments, e.g. high 
temperatures and seawater exposure, and there is an increased demand to extend the 
service life beyond what is prescribed in the design codes. Within the frame of the 
LORCENIS project, the goal is to develop long lasting reinforced concrete for energy 
infrastructures by involving customized protection, repairing and self-diagnosis 
methodologies through the use of novel, nanomaterial-based, admixtures.  
 
The environmental sustainability potential of concrete structures may be increased by 
1) reducing Portland cement clinker content in the binder by e.g. using supplementary 
cementitious materials or admixtures; 2) optimizing the performance of the structure in 
relation to the material amount (cross-section); or 3) by increasing the service life and 
thus reducing waste and resource use from repair and maintenance.  
 
New admixtures based on nanomaterials have the possibility to increase the service 
life of concrete structures, especially since only a small amount is needed in order to 
increase the performance. However, it is also important to consider the embodied 
impact and safety issues concerning new nanomaterials. This paper presents a 
methodology of the sustainability potential and a preliminary life cycle assessment 
(LCA) of nano-incorporated additives for concrete infrastructures.  
 
2. Sustainability approach 
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There have been several studies of LCA of nanomaterials [1, 2]. Miseljic and Olsen [2] 
pointed out the necessity of including the performance of the nanomaterials in LCA 
studies and not just look at 1 kg of material as it is the application and function that is 
of importance. In our study we investigate the sustainability of new materials which are 
still developed at a lab-scale. However, in order to fully understand the potential of 
these new materials a broader view is needed. Therefore, future assumptions are used 
in this study together with test results that explain the behavior in order to estimate the 
changes in service life of the construction. The process for estimating the 
environmental and economic sustainability was carried out according to figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The LCA was conducted in accordance with ISO 14040 series and EN 15804 for 
concrete infrastructures subjected to chloride ingress in a marine environment. The 
most relevant impact categories were identified to be the global warming potential 
(GWP) and the non-renewable primary energy. 
The LCA was performed at three levels; 1) 1 kg of admixture, 2) 1 m2 of concrete with 
admixture, 3) one infrastructure case study. 
The study focuses on the corrosion inhibiting effect of layered double hydroxides (LDH) 
in a marine environment. 
 
2.1. Preliminary results 
LCA of material production of concrete with LDH showed that there is a notable impact 
during the production stage for lab-scale manufacturing. By considering a future 
industrial production by adopting the framework of Piccinno et al. [3] the GWP of 1 m3 
of concrete with LDH could be reduced by approximately 16 %. However, at this stage 
the concrete still has about 36 % higher GWP and double primary energy use 
compared to the reference concrete. Meaning that the infrastructure needs to have a 
long service life that compensates for the initial impact.  
Based on results from durability tests the service life could be roughly estimated, by 
using Life 365, for a reference concrete and a nanomaterial-modified concrete for 
corrosion protection. The importance was to measure the relative difference between 
the two types of concrete as service life estimation at such an early stage comes with 
great uncertainties. The model includes the time to initiation and a propagation period 
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Figure 1. Process for estimating the environmental and economic sustainability of 
new nanomaterials 



which was set to 6 years based on the software default value. The results indicate that 
the service life could be extended by a factor of 3 using layered double hydroxides 
(LDH).  
The LCC analysis showed that although there is a higher investment cost for concrete 
with LDH, the future repair costs will be lower due to the occurrence later in time 
compared to higher repair costs in the near present of the reference concrete. 
 
3. Health and safety 
When dealing with engineered nanomaterials and cementitious materials, it is also of 
importance to consider the health and safety aspects in the sustainability analysis as 
they are associated with risks for human health and the environment. The human 
exposure to some nanomaterials is associated with risk of e.g. lung diseases and skin 
irritations. The exposure potential is directly related to the nature, structure and form 
of the nanomaterial (e.g. free form, dispersed in a liquid, bound in a solid matrix). The 
exposure risk to particles in dry and free form is the highest in comparison to cases 
where nanomaterials are bounded in a matrix or dispersed in a liquid. One aim of the 
project is to make a risk assessment for added admixtures and give guidelines on how 
to minimize the risks in the product cycles including transfer of experiences by Safe-
by-Design (SbD) principles. The aim is to ensure that risks are either prevented or 
adequately controlled. 
A decision tree for the selection of risk management measures related to 
nanomaterials in order to provide a quick selection of control measures was created in 
the frame of the LORCENIS project. Additionally, the risk assessment of the new 
admixtures with nanomaterials is ongoing in order to give guidance for material 
developers and to follow up the applied measures. Selected control banding tools, 
Stoffenmanager nanomodule [4] and Nanosafer [5] were utilized for risk assessment 
and management. Based on the assumption that inhalation is the most prominent risk 
during handling of the engineered nanomaterials in the innovation process, specific 
risk management measures for each nanoadditive were suggested according to the 
precautionary principle for the use of nanomaterials in an innovation project, in addition 
to the early stage development of the decision tree and along with the continuous 
monitoring of SbD principles implementation. 
 
4. Discussion and conclusion 
A preliminary LCA and LCC were performed in order to estimate the sustainability 
potential of new nanomaterials for concrete energy infrastructures. The challenge in 
this study was to estimate the performance of the nanomaterials at a material 
development stage. The performance is key in order to include a life-cycle perspective 
which considers future effects of present decisions, for example an estimation of how 
the future production may look like. However, the question could also be turned the 
other way. Which performance do we need in order for the construction to be 
sustainable? What should we aim at in our research? Life cycle perspectives give 
indications on what the key influencing factors are which researchers material 
developers could focus on.  
In our case, the LCA is performed simultaneously and in an iterative way to pinpoint 
influencing production processes and to give indications on future applications.  
The preliminary results showed that the initial GWP and the non-renewable primary 
energy are significant but that the service life is indicated to compensate for that. It 
should, however, be noted that the durability tests are still ongoing and that the 
mechanism of LDH is not yet fully understood. In this stage, the reported results on 



service-life should be considered as qualitative analysis and comparison of the two mix 
designs. 
Even though the results indicate that the total environmental impact in the whole life-
cycle is lower due to the increased service life, it is also important to show reductions 
in the GWP today. How high initial environmental impact can we accept today? 
Essentially, the use of new (nano-)admixtures in concrete should be further optimized 
and aiming for cleaner production processes.  
Lastly, nanosafety has been considered in the project by developing a decision tree in 
order to provide a guidance for the safe use of manufactured nanomaterials.  Due to 
the lack of validated measurement methods for quantitative risk assessment and 
knowledge gaps on newly developed nanostructures and their properties, EU 
Directives and general good practice and good occupational hygiene principles serve 
as guidance. As well as the continuous information provided through liaisons with 
external experts such as EU Nanosafety Cluster [6]1, European Agency for Safety & 
Health at Work and other policy strategic documents and guidelines of non-binding 
nature from European Commission related with nanomaterials.  
 
Acknowledgments 
This work was supported by the HORIZON 2020 Collaborative project “LORCENIS” 
(Long Lasting Reinforced Concrete for Energy Infrastructure under Severe Operating 
Conditions”, Grant agreement nº 685445). 
 
References 
[1] Hischier, R. and Walser, T. Life cycle assessment of engineered nanomaterials: 
state of the art and strategies to overcome existing gaps. Science of the Total 
Environment 425 (2012): 271-282. 
[2] Miseljic, M., & Olsen, S. I. Life-cycle assessment of engineered nanomaterials: a 
literature review of assessment status. Journal of nanoparticle research, 16(6), (2014), 
2427. 
[3] Piccinno, F., Hischier, R., Seeger, S., & Som, C. From laboratory to industrial scale: 
a scale-up framework for chemical processes in life cycle assessment studies. Journal 
of Cleaner Production 135 (2016): 1085-1097. 
[4] https://nano.stoffenmanager.com/ 
[5] http://www.nanosafer.org/ 
[6] https://www.nanosafetycluster.eu/  
 
 
 
 
 

                                                 
 

https://nano.stoffenmanager.com/
http://www.nanosafer.org/
https://www.nanosafetycluster.eu/

