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Session F: SUPERCONCRETE  

Analysing the Practice of Economic and Environmental 
Evaluation of Structural Concrete 

V. García1, D. García2, J.T. San-José3 and J.S. Dolado4 

 

ABSTRACT: Concrete science is looking for new binders, recycled aggregates and improved admixtures 

to develop environmentally friendly and cost-competitive concrete formulations. With all those 

ingredients, it can be difficult to select the most sustainable options. Life Cycle Approach has been 

adopted by professionals to make decisions in building and civil engineering projects, determining 

respectively the most cost-efficient solution and the quantitative environmental releases during the whole 

life of the structure. However there are several challenges to be considered for their application in 

concrete and derived projects: quality of the data, uncertainties, allocation, land impacts and abiotic 

resource depletion, etc. This paper summarizes what is being done in this sustainability assessment field 

and the stress the necessity of Low Carbon cements and further improvements in data and methods for the 

evaluation of concrete sustainability. 

1 INTRODUCTION 

1.1 Costs and environmental impacts in concrete industry 

Concrete is by far the most important, the most versatile, and the most widely used 
building material worldwide. On average, each year, three tons of concrete are con-
sumed by every person on the planet (Rubenstein, 2012). Cement is the primary ingredi-
ent in modern concrete. To produce cement, limestone and other clay-like materials are 
heated in a kiln at 1400°C and then ground to form a lumpy, solid substance called 
clinker. Portland cement (PC) manufacturing is highly energy and emissions intensive 
because of the extreme heat required to produce it. As a result of that, the concrete in-
dustry has an enormous impact on the environment (Meyer, 2005). 
Taking a look to average production costs distribution (Proin, 2010), it follows that the 
most important component is the materials, particularly the cement, so it is necessary to 
make the best use of them. 
 

Table 1. Production costs distribution of conventional C25/30 ready-mix concrete 

Materials (including transport to concrete plant) Costs 
Cement 40.46% 
Fine aggregates 15.14% 
Coarse aggregates 15.14% 
Additions and admixtures 1.32% 
Water 0.28% 

Total for materials 72.34% 

Concrete transport 15.42% 
Direct costs (personnel and others) 7.88% 
Indirect costs (management and selling) 4.36% 
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 Use “statistical” methods: Interval algorithms, Gaussian error propagation for-
mulas, Monte-Carlo simulation, Fuzzy logic approaches, etc. 

Integrating uncertainty into LCA and LCCA begins with identification and prioritization 
of uncertainty sources. Due to the high level of uncertainty in many aspects, originating 
from both epistemic and aleatory sources, the prioritization of the sources can be lever-
aged to help focus specific characterization efforts.  
Traditional sampling methods (e.g., Monte-Carlo) can be used to deal uncertainty in 
LCA and LCCA. The following steps need to be done (Swei, 2012): 

 Consider every input parameter as a stochastic variable with a specified probabil-
ity distribution (mean value and standard deviation) 

 Construct the LCA or LCCA model with one particular realization of every sto-
chastic parameter 

 Calculate the LCA or LCCA results with this particular realization 
 Repeat this for a large number of realizations (n=1000) 
 Investigate statistical properties of the sample of LCA or LCCA results 

 

3 CONCLUSIONS 

PC is the main responsible of the environmental effects and initial costs for structural 
concrete mix. Increased use of valorisation materials as recycled aggregates or efficient 
transport have some economic and environmental benefits but a relevant CO2 reduction 
can only be obtained with the partial substitution of PC by other SCM or its total re-
placement by low CO2 cements.  
Researchers and market stakeholders need Life Cycle evaluations to be able to quantify 
the effect of changes in the formulations. In this regard, an accurate definition of the 
scope, system boundaries and functional requirements is critical for a later correct analy-
sis and interpretation of any result.  
There has been observed that data availability and confidence is lagged behind other in-
dustries. For that reason it is necessary to increase the research work and data gathering 
to dispose of good quality information, more in special in those areas that strongly con-
tribute to the global cost and environmental impacts.   
Allocation should help to reduce the environmental impact of cement production. Pres-
sures from the waste or co-products producers aim to reduce the environmental footprint 
of steel and carbon-based energy. However, since the generation of those co-products 
cannot be avoided in their respective processes and they are not specifically obtained in 
a separate production, a minimum impact should be allocated to concrete, i.e. only the 
secondary process for valorisation (cooling, grinding, sieving, transport, etc.) for their 
new application.  
Finally, uncertainty should not be ignored in concrete evaluations in order to show the 
maximum transparency of the assessment process. In most cases this means identifica-
tion of missing data, extra research work and normative effort but incorporation of sta-
tistical analysis to the evaluation. 
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