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BASIC PRINCIPLES OF 3D CONCRETE PRINTING IN THE 
LIGHT OF SUSTAINABLE DEVELOPMENT  

Abstract 
Although conservative, the construction industry must be transformed in line with new technologies. 
Adopting the concept of 3D printing can provide a handful of benefits in terms of creativity, flexibility, less 
waste generation, more efficient energy consumption as well as lower carbon emissions. The aim of this 
paper is to summarize the basic principles of 3d concrete printing, discussing the main goals and 
shortcomings that must be considered and resolved before wider application. Also, a review will be given 
on the production technology and materials used, as well as the sustainability of buildings built using the 
concept of 3d printing 
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1. Introduction 
• Energy crises and greenhouse gas emissions… 

• The environmentally friendly solutions that need less energy, effort 

and time… 

• Additive production… Greenhouse effect 

As the construction sector has a very high demand for energy, it is 
inevitable that energy consumption before, during and after any 
construction process can also be considered as a primary global 
concern.  
The previous attempts to introduce prefabrication of concrete 
remained at a very low level, and related mostly to the production 
and assembly of elements (pillars, beams, plates) while other 
construction activities remained far from the factory production. 

At the same time, it should be noted that such systems, although 
widely present and accepted today, have remained applicable only 
in the domain of a narrow set of structures. 

Precast concrete 

3d printed concrete 
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Schematically presented concrete 3D printing system: a concrete tank (1), a 
pumping mechanism (2), a printing nozzle (3) and a motion control system (4)  
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2. Key advantages and disadvantages of the concrete 3d printing 

Advantages Disadvantages 
- wide range of construction 

types and complexities 
- optimized use of materials 
- reduction in formwork, scaffold 

and labor 
- fast adjustment (modification) 
- recycle and reuse friendly 
- minimizes waste as well as CO2 

releases  
- energy efficiency 

  
materials must be of high and 
constant quality 
  
less strength and robustness 
then conventional 
  
3D presents just one segment 
in construction 
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3. Materials … 

Materials play a key role in the construction of 3D printing. 

• Aiming at the optimum composition, appropriate consistency and workability  

• The usual components are cement, fibers, aggregates and additives 

• The exact combination of the used materials depends on the application, 

purpose and the type of the 3D printer itself 

 
 

Concrete components 
In order to create a successful construction product, some properties of the 
materials itself, related to the extrusion process, must be met. The material to 
be used in the process must be pumped, which means that it must be able to 
move easily through the pipelines. It must also have the ability to be formed 
by printing as precisely as possible, which indicates that the material must be 
easily deposited through the nozzle (the end of the pipeline). It must also have 
the necessary strength to withstand the required loads, to resist deformations 
and to meet the required structural behavior during all phases - printing, 
hardening and in the exploitation. 

Concrete 3d printing 
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…and technology of the concrete 3d printing … 

 

• They can primarily be classified into two techniques (methods): jet bonding 

(JB) and material application method (MDM).  
 

material application method 

In the jet bonding procedure, a layer of dry powder material is applied by the 
jet, and then sprayed with a bonding liquid. This process is repeated until the 
product is completely printed. Unbound material is sucked out of the printing 
house and recycled for reuse. Unless certain protection is applied, this 
technique is not suitable for the construction site itself, because it is very 
sensitive to weather conditions. It is suitable for relatively small parts of 
structures that can be transported to the site. Sand and stone fillers bound 
with an inorganic binder, dry concrete mix and many other materials can be 
used in this process, but carefully selected. 

The material application method (MDM) process works by gradually pouring 
a layer over a layer of material, until a given model is completed using a 
computer. In order to obtain the desired quality of the product without any 
deformation, the mixture must withstand its own weight and the weight of 
subsequent layers 

the use of steel reinforcement 

jet bonding concrete 
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… with respect to the energy efficiency 

 

• a special attention must be paid at the earliest stage of design in order 

to construct buildings with low energy consumption 
 

energy efficiency 

Filling materials 

If designed properly, buildings can passively achieve thermal comfort. 
The flexibility of 3D printing execution gives designers the opportunity 
to create the appropriate elements for each project, preventing later 
treatments for the energy consumption reduction. 

For instance, according to the climatic conditions, building elements 
must be designed in such a manner to achieve a certain value of thermal 
transmittance, and in order to achieve thermal comfort of the 
inhabitants. 

- introducing air gaps or layers of insulation within or between the 
structural components of the building elements 

- the use of materials for filling cavities (dry sand, polystyrene and 
polyurethane) 

Improving thermal performance 
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3. Conclusion 
It is estimated that about 30-40% of the total energy 

consumption in the world takes place in the buildings, 
because most of the energy demanding human activities 
take place in them. Also, most of the contemporary 
research is focused on the adoption of energy efficiency 
strategies and other solutions to overcome and mitigate 
greenhouse gas emissions.  

As the world turns towards the green, sustainable and 
energy efficient solutions, the concept of 3D printing 
offers a high potential of green construction. In 
comparison to the current methods, this method offers to 
eliminate a large amount of CO2 emission, and to reduce 
the energy consumed in the construction process. The 3D 
printing of civil engineering structures clearly has a huge 
potential, however, the key challenges in this field lie in 
innovative materials and new techniques that must be 
studied and developed prior to the wider application of 
this process.  

Energy consumption 

Green construction 

Inovative materials 
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