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3D printing is a relatively known manufacturing process and the inimitable features provided by 3D printing 
(such as complexity-free geometry and material saving) are also well-known. Similarly, 4D printing should 

be explicitly underpinned as a novel manufacturing technology and the unique traits empowered by 4D printing 
should be elucidated too. 4D printing was initially defined as a combination of shape memory materials and additive 
manufacturing. In our recent review paper, I illustrated the differences between 3D and 4D printing. In addition 
to smart (not necessarily shape memory) materials and additive manufacturing, “4D printing mathematics” is also 
required to yield a “4D printed” structure. Furthermore, unlike 3D printers, 4D printers are not available and the 
4D printing process is currently accomplished by existing 3D printers in a passive manner. The phrase “4D printer” 
was used in the related literature. However, I need to clarify that; “4D printer” is not truly established by converting 
a single-material printer into a multi-material printer, or by incorporating different additive manufacturing methods 
into one printer. I should add that a “4D printer” must be capable of investigating and predicting the “4th D”. 
Consequently, an “intelligent head” should be constructed and integrated with present multi-material printers. In 
this plenary talk, I will underpin 4D printing as a novel manufacturing paradigm, illuminate its unique features, 
and particularly prove its energy-saving feature by deriving its minimum energy consumption limit. Finally, I will 
embody future 4D printers and their connections to our laws of 4D printing.
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