
New era for concrete
ECO-Binder is an EU project aiming to develop low-CO

2
 belite-ye’elimite-ferrite cement 

binders which offer lower embodied energy, high performance, efficient insulation and a 
reduced carbon footprint. 
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Around 10bnm3 of concrete is consumed 
worldwide every year. Ordinary 

Portland cement is an essential component 
of concrete, but its manufacture is 
responsible for around five per cent of the 
worldwide anthropogenic greenhouse gas 
emissions. 

ECO-Binder is an EU-funded research 
project1 aiming to reduce that carbon 
footprint and demonstrate that OPC 
and OPC-based concrete products can 
be replaced with new ones based on the 
belite-ye’elimite-ferrite (BYF) class of 
low-CO2 binders, without compromising 
on quality and cost. The project intends 
to develop a new generation of concrete-
based construction materials and pre-
fabricated building envelope components 
offering more than 30 per cent lower 
embodied energy, 20 per cent improved 
insulation properties and 15 per cent lower 
cost than the current Portland cement-
based options. 

BYF explained
The overall project concept is based 
on the results of previous work by 
HeidelbergCement, LafargeHolcim and 
Vicat to develop a novel family of low-
CO2 binders based on BYF phases. In BYF 
technology, the superior early strength 
contribution of calcium-sulpho-aluminates 
is combined with durability and longer-
term strength development provided by 
belite. The BYF cement shows very quick 
hydration on contact with water, good 
workability and the volume stability of 
mortars, with the possibility of further 
increasing the final strength level and 
improving durability. 

Preliminary life-cycle assessment (LCA) 
calculations show that BYF CO2 emissions 
are less than those of Portland cement 
due to the lower calcium content of the 
raw materials (less limestone usage) 
and the reduced burning temperature of 
1250-1300˚C. Less fuel consumption and 
decreased electrical energy demand would 

suggest additional savings of 10-15 per 
cent, as shown by the preliminary LCA. 

Maximising comfort levels 
Along with durability and LCA, other 
issues are also being covered by the ECO-
Binder project, including temperature 
and humidity, and acoustic isolation – all 
important factors for ensuring the comfort 
of a building’s occupants. When it comes 
to indoor air quality, the objective is to 
eliminate odours and airborne irritants 
of any kind. To achieve this, building 
envelopes need to use materials which 
have the ability to absorb or neutralise 
odours and contaminants, or do not 
contain volatile organic compounds (VOC). 
It is known that some unrefined clay 
products, protein-based products such 
as sheep’s wool, or selected metal oxides 
have proven absorptive or bioprotective 
qualities. Developing advanced finishing 
solutions for concrete-based envelope 

components capable of providing 
multifunctional performances such as 
acoustic optimisation, humidity control 
and indoor air quality management is 
therefore highly desirable to maximise the 
comfort level within a building. 

Developing the envelope
The new ECO-Binder envelope solutions 
aim to integrate multiple functions into 
a single product package. They promise 
higher performance in terms of acoustic 
insulation/absorption, fire and mould 
resistance, dimensional stability to avoid 
air or water leakage, and the optimisation 
of indoor air quality. In addition, they will 
offer multifunctional surface properties 
such as thermal reflection, anti-stain, anti-
bacterial and self-cleaning, depending on 
the finishing technologies applied. 

The project also intends to exploit 
the superior performance of the new 
BYF binder in terms of early strength 

ECO-Binder methodology
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development and dimensional stability. 
The idea is to investigate different systems 
and their combination in the field of 
precast envelope elements, overcoming 
the limitations of technologies such as 
insulating concrete forms (ICFs) in terms 
of shape, weight, air tightness, thermal/
acoustic functionality and safety. This 
would provide a fully-optimised system 
where all construction components from 
the building block to the finishing paint are 
synergic to develop sustainable envelopes 
with at least a 20 per cent higher insulation 
performance than the previously-available 
solutions. This would ensure the necessary 
mutual compatibility and durability of the 
elements. 

Moreover, improved acoustic, health 
and safety levels would also be provided at 
sustainable installation costs. Additionally, 
given their expected life-span of 50 years or 
more, it is important that the new envelope 
systems are not only energy efficient and 
eco-friendly, but also behave similarly to 

traditional solutions. To be comparable 
with current products, concrete based 
on the new low-CO2 cement needs to be 
workable and easily placed or cast, as 
well as possessing long-term strength 
development and durability. 

Putting it to the test
During the ECO-Binder project, 
prefabricated concrete systems of 
different complexity and end-use will be 
installed in different climatic conditions 
to demonstrate the effectiveness of the 
new technology. Temperature, humidity 
and other variables will be monitored over 
the course of at least a year to examine 
seasonal influences as well as durability. 
Therefore, ECO-Binder is building small 
demonstration houses in Spain, the UK 
and Romania. These will have the same 
dimensions and orientation to the sun, 
while their different locations with enable 
ECO-Binder’s researchers to test the impact 
of climatic conditions. Similar structures 

built using Portland cement-based 
components will be monitored in the same 
locations to compare the two technologies 
side-by-side. 

One of the requirements established 
by the precaster for the production of 
concrete panels is that the concrete 
mix has to be fluid for a minimum of 1h. 
Although final setting of the three cements 
(A, B, C) takes place after more than an 
hour, cement A is too close and might 
need the use of a retarder (see Figure 1). 
Obtained results from the calorimetric 
methods prove that, if needed, workability 
time can be increased by the use of 
chemical additives like Na-Tartrate in very 
small amounts (see Figure 2). 

To fulfil the fluidity requirements, 
superplasticisers will have to be used. The 
three best performing superplasticisers 
have been used to produce mortar with a 
spread of 280mm. To study its evolution 
over time, the fluidity of such mortars 
has been evaluated every 20 minutes. 
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Figure 1: determination of the setting time of the three cements 
without chemical admixtures, according to EN 196-3

Figure 2: calorimetric curves of cement A with 0-1 per cent of  
Na-Tartrate
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Figure 3: fluidification efficiency and 1h heology of superplasticisers tested on cements A, B and C
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The obtained results (see Figure 3) showed a higher sensitivity 
of cements B and C to polycarboxylate-based superplasticisers 
rather than sulphonate-based ones. They also suggest that it will 
be necessary to use a setting retarder as, in most cases, 1h-fluidity 
is below 70 per cent of the initial value. 

With cement A, however, sulphonates give interesting results 
with a lower fluidity reduction compared to polycarboxylates, 
a good 1h-rheology (no strong loss or increase of fluidity in 
time) and good early-age strengths (12MPa measured after 8h 
on mortar of cement A2 (W/C=0.50, EN196-1 sand) containing 
0.5 per cent of boric acid (retarder) and 0.5 per cent of a 
polynaphtalenesulphonate-based superplasticiser.

Screening and selection
A screening of potential aggregates to be used in the concrete mix 
design development work has been performed. A test programme 
has also been defined that will be used to assess the mechanical 
and physical properties of the concretes. Mortars have been 
prepared using cement from the three cement companies for 
analysis of the microstructure at two water/cement ratios (0.4 
and 0.5) and four maturities (2, 30, 90 and 180 days). Preliminary 
microscopy results show that the three cements and the mortars 
with the cements have a quite different microscopic appearance. 
Concrete durability testing protocols have been completed 
specifying requirements for BYF concretes to be tested, controls, 
testing regimes etc. Relationships between binder content, w/c 
ratio, consistency and compressive strength development have 
been established. 

To identify novel finishing approaches and energy efficient 
systems, most common commercial mortars and plasters 
have been evaluated and several formulations for mortars and 
plasters have been developed. New innovative additives based 
on nanotechnology in most cases will be used. To foster the 
establishment of a more sustainable production of advanced 
concrete materials at European level, activities focussed 
on linking standardisation and industrial needs have been 
implemented since the initial development phase. The ultimate 
goal is to generate data to illustrate the performance of this new 
binder family for a future standardisation.

The retrofit market
As most existing buildings were built when the requirements 
for energy and insulation were low, ECO-Binder is targeting the 
retrofit market. Retrofitting existing structures with ECO-Binder’s 
pre-cast components could prove to be more environmentally 
friendly and cost-effective than applying new cement. At the 
same time, the new cement developed in ECO-Binder could be 
used beyond the pre-cast sector (technical mortars, ready-mix 
concrete, etc).  n 
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