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C radle to Cradle® (“C2C”) is  
a biomimetic viewpoint to  
the creation of products and 

systems which allows to design safe and  
completely circular products. The 
concept was developed in the 1990s 
by the German chemist Prof. Dr. Michael 
Braungart, the American architect William 
McDonough, and Braungart’s company 
EPEA (Environmental Protection and 
Encouragement Agency) in Hamburg. 
Today, hundreds of enterprises worldwide 
develop their products according to C2C, 
and the movement is gaining momentum 
at an ever-increasing pace.

Looking at Nature
In nature, there is no such thing as ‘waste.’ 
All things are products of metabolic 
processes and useful inputs for other 
metabolic processes. When the leaves 
of a cherry tree fall in autumn, they 
become nutrients for many life forms 
in the soil; those feed on the leaves 
and decompose them, turning them 
into fertilizing substances, which are 
nutrients again for the tree itself or 
for other plants. The whole process is 
driven by solar energy, which is fully 
renewable even on an evolutionary 
time scale.  

The perfect circularity of nature has 
worked for millions of years. Amazingly, 
none of its process steps have been 
made sustainable in our traditional 
human understanding of ‘eco-efficiency,’ 

i.e., by trying to minimize energy or 
material usage. When we think of our 
cherry tree, it will create a splendid 
abundance of thousands of blossoms 
every year, only to produce a handful 
of cherries and one offspring on 
average, which can take its place in its 
whole lifetime. The tree can afford to be 
‘wasteful’— in a positive sense — as all its 
products are beneficial. Can we achieve 
that? This is where the C2C comes in. 

Cradle to Cradle: Core Principles
Instead of trying to minimize our impacts 
on the biosphere with traditional 
eco-efficiency in a cradle-to-grave 
economy (by being ‘less bad’), Cradle 
to Cradle is the pathway to achieving 
true circularity through better product 
design, termed “eco-effectiveness.”
 
The C2C design concept is based on 
three principles:

  Everything is designed to be  
 a nutrient of something else  
 (“waste equals food”)
 Everything is produced using   
 renewable energy from current  
 solar income
 Everything contributes to diversity  
 — be it conceptual, cultural,   
 or biological

CRADLE TO 
CRADLE: 
CIRCULARITY 
BY DESIGN
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Transforming our economy toward 
circularity is inevitable. However, 
conventional take-back and recycling 
systems often fall short, as most products 
are not designed to be recycled. How can 
companies make the leap from “cradle to 
grave” production to Cradle to Cradle?



36 37

that they must be absolutely void of 
toxic or contaminating substances: those 
would hamper their usage in the next 
step of the cycle and potentially create 
harm to those involved in breaking  
down the material into nutrients. Toxic  
or impure substances have no place in  
a circular economy.
 
This fundamental demand of the C2C  
approach is a matter of in-depth 
chemistry. Where the conventional 
eco-efficient way merely imposes 
quantitative limits to emissions of 
hazardous substances from the product, 
C2C requires avoiding any problematic 
substance from the design and production 
stages, creating a positive list of harmless 
ingredients instead.

Cradle to Cradle Certification  
C2C is not only a product design 
paradigm with broad applications. The 
Cradle to Cradle Products Innovation 
Institute in Oakland, USA, maintains 
the Cradle to Cradle Certified product 
standard and issues certificates for 
products that comply with it. The 
standard evaluates five categories: 
Material Health (the absence of toxic 
substances), Material Reutilization (the 
possibility to reuse the materials after the 
product’s life ends), renewable energy, 
water stewardship, and social fairness. 
A Cradle to Cradle Certified certificate 

can be a valuable marketing tool for 
product manufacturers, as it can assure 
customers that the certified product 
is inherently safe and healthy, and 
ready for the circular economy. This 
comprehensive certification gained 
traction recently. It directly plays into 11 
of the 17 UN Sustainable Development 
Goals and can thus act as a blueprint for 
a manufacturing company’s sustainable 
development path. The certification 
can be applied to literally anything we 
can produce; automotive components, 
packaging, chemicals, and textiles are  
just a few examples.

C2C in the Construction Sector
According to the OECD, the global 
average daily material consumption 
per head is projected to increase from 
33kg/d in 2011 to 45kg/d in 2060. 
Accordingly, the share of non-metallic 
minerals will rise from 47% to more 
than 51%, which will be mainly triggered 
by construction growth in Asia. To 
achieve a decoupling of economic 
development from materials usage, the 
C2C approach is especially important.

In construction, choosing non-toxic 
materials and circular products is only 
a start. The assembly of these materials 
and products must be engineered 
in such a way that it is both durable 
during the use period and easily 

disassembled in an unmixed state 
(“reversible building design”). There 
are many aspects of achieving this 
goal: designing the building with well-
defined “exchange clusters” (building- 
and decoration parts with similar life 
span); employing modularization; and 
making the right choices for member 
connections (mechanical connections, 
e.g., using screws, are preferred over 
chemical ones such as adhesives). 

Besides these physical issues, an 
information problem remains: how can 
companies know the exact materials? 
Digitalization has the answer: for 
every building, a material passport 
will be established —a database of 
all materials and products used in 
the building. It connects the building’s 
overall digital 3D model using Building 
Information Modeling (BIM) with an  
element catalog containing detailed 
information about layers and materials, 
which in turn is linked to an online 
directory of the products and substances 
used. These online directories (such 
as Building Material Scout, Madaster, 
the Origin Hub etc.) contain the most 
detailed level of product and material 
composition data, together with 
relevant certificates. Fundamental 
research on material passports has 
been conducted under the EU’s Horizon 
2020 research program, and their 

application is already widespread in 
many European countries.

With both physical and information 
aspects covered, the commercial 
value of raw materials present in 
any building becomes accessible: 
they turn from a liability into 
an asset. This enables the new 
business case “material banking,” 
where the inherent value of the 
building materials is activated and 
valued with current raw material 
price levels, which are increasing 
significantly faster than inflation. 
This allows companies to tap into 
new revenue streams and business 
models, sparking the interest of large 
banks and financial institutions.

Climate Neutrality and 
Embedded Carbon
More than 40% of a building’s total 
carbon emissions are due to their 
embedded carbon, i.e., carbon which 
is used for material production or 
directly embedded in the materials 
themselves. On the global scale, 
11% of all global greenhouse 
gas emissions are attributable to 
embedded carbon.

With the circular approach of C2C,  
a big portion of these emissions 
can be avoided, as the reusing 

A C2C product design assigns all materials 
of the later product to one of two spheres: 
either to the biological sphere, where  
the decomposition of the materials into  
their basic substances (biological nutrients)  
follows the cherry tree example, or  
into a technical sphere, where the 
decomposition of all man-made materials 
(technical nutrients) is accomplished 
ideally by the product manufacturer who 
will use the technical nutrients again for 
manufacturing the same product. 

Let’s look at an office chair: its metal 
and plastic frame must be part of the 
technical cycle, as biodegradation is 
not possible or realistic. The seat and 
backrest textiles will be part of the 
biological cycle, as they are subject to 
wear and tear and dissolve slowly during 
the usage period, emitting small fibers.
 
Some other examples for the biological 
cycle could be cosmetics, brake disks 
and tires of vehicles, or shoe soles and 
natural fiber clothing; examples for 
the technical cycle can be all product 
components made of durable materials 
such as glass, metals, plastics, or 
artificial fiber clothing.

Circular Materials Are Healthy
When we envision materials potentially 
circulating endlessly in either the biological 
or the technical cycle, it becomes clear 
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Where the conventional eco-efficient way 
merely imposes quantitative limits to 
emissions of hazardous substances from 
the product, C2C requires avoiding any 
problematic substance from the design and 
production stages, creating a positive list  
of harmless ingredients instead.
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and upcycling of materials produce 
fewer emissions than extracting and 
producing new materials. This is clear 
when it comes to metals, but has 
been proven for cement and concrete 
aggregates as well. Circular buildings 
inspired by C2C, such as the Moringa 
Hamburg or “The Cradle” in Düsseldorf, 
are an important driver for reaching 
carbon targets.

China Outlook
On 1 July 2021, the Chinese National 
Development and Reform Commission 
released the 14th Five-Year Circular 
Economy Development Plan, making 
the circular economy a national 
priority. Its goals are ambitious: the 
comprehensive utilization rate of 
construction waste is planned to reach 
60% until 2025, and many other sectors, 
such as automotive and electronics, are 
included. For the automotive sector, a 
‘whole life cycle management program’ 
will be researched and developed, 
including a multitude of measures.

The detailed implementation will be up 
to local and regional governments, the 
working principles being to ‘adhere to 
market leadership’ and ‘Promote green 
design of key products,’ among others. 

C2C can be the private sector’s initiative 
to supplement this policy perfectly. 

Product developers and manufacturers 
who implement C2C can leverage this 
in discussions with governmental 
bodies and agencies, with the potential 
of relaxed placement restrictions in 
development zones, tax benefits, and 
support for technical codification 
(standardization) of circular products 
and manufacturing technologies. 

Pushing the circular economy forward 
needs a rethinking of the way we 
make things. Cradle to Cradle gives 
us the inspiration and framework to 
achieve this goal. It thus can be an 
important solution to the most pressing 
challenges of our times. ■
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