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The carbon cycle 
 

Carbon is a basic element of all forms of life on earth. It is not a metal, it is not soluble in water, it has no 

smell or taste. We can consider it the main element of life because of its unique ability to form rings and 

chains of an infinite number of atoms. Carbon, with hydrogen (H), oxygen (O), nitrogen (N), phosphorus (P) 

and sulfur (S), make up about 98% of the body mass of any living being. 

Carbon dioxide (CO2) is the primary product of animal respiration and represents the source of carbon that 

plants need to grow. This is one of the main exchange mechanisms underlying the terrestrial ecosystem. 

At the end of their natural life cycle, living organisms can find themselves either in an oxygen-free 

environment, such as in the deep sea or in swamps, where, as they decompose, their residues are 

transformed into methane (CH4), ammonia (NH3) and water (H2O); or instead, if they were in an 

environment with the presence of oxygen, they would be transformed into carbon dioxide (CO2), nitrogen 

oxide (NOx), and water (H2O). 

The biosphere, that is all the areas of the Earth in which the environmental conditions allow the 

development of life, has a very fragile balance which must be preserved. Since the industrial revolution of 

the 1750s, this balance has dramatically altered. This is mainly due to the use of fossil carbon which has been 

trapped for millions of years underground in the form of coal, oil and natural gas. Man has begun to extract it 

in ever greater quantities and this massive input of fossil carbon into the biosphere has led to the alteration 

of the climate that we are all seeing. Furthermore, there has been an increasing production of non-

biodegradable synthetic materials and petroleum derivatives that have generated unsustainable levels of 

pollution and have begun to seriously endanger the health of our environment. 

 

 

Sustainable Development Goals 
 

In 2015, the United Nations (UN) adopted a series of measures to guarantee the social, economic and 

environmental sustainability of our planet, called the Sustainable Development Goals. Basically, these are 17 

objectives that consider the various aspects of sustainability, including social equity, economic growth, 

health, environmental care, etc. These goals should be the reference for the technical and political decisions 

of all nations. 
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 The 17 goals can be divided into three macro-areas: economy, society and biosphere. 

 

Although all 17 goals are interconnected with each other, those related to the biosphere, i.e.: 

- no.6: clean water and sanitation, 

- no.13: climate action, 

- no.14: life under water, 

- no.15: life on earth, 
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are strongly linked to the different products we use and their production techniques, to our 

lifestyles and consumption styles. 

Monitoring raw materials, emissions and waste management is essential to preserve the health of the 

biosphere. 

If we have our planet at heart, our future choices must be aimed at reducing the emission into the biosphere 

of carbon dioxide, nitrogen oxide, methane and ammonia deriving from biodegradation, incineration of 

products or energy consumption. This is why in recent years we have tried to reduce creation of waste as 

much as possible, to spread a culture of reusing products, to avoid compulsive purchases and in general all 

those behaviors that end up increasing the extraction of fossil carbon. 

The European approach to climate change and environmental degradation has been summarized in the 

environmental strategy defined as the "Green Deal" which provides for the end of net greenhouse gas 

emissions by 2050 through the promotion of bio-based materials. 

 

Organic carbon of biological vs fossil origin 
 

The carbon cycle is a perfect example of circularity: the carbon dioxide produced by the respiration of 

animals is absorbed by plants and transformed into biomass which the animals feed on again. 

Petroleum products, at the end of their life cycle, become waste that releases additional carbon dioxide or 

methane which date back millions of years, affecting the balance of greenhouse gases in the atmosphere, On 

the contrary, products that use bio-based materials (derived from plant or animal sources) as raw materials 

use the carbon dioxide already present in the atmosphere. It is easy to understand that the life cycle of 

consumer goods produced with these materials does not alter the net emissions of greenhouse gases. 

If we want to address the issue of sustainability of production processes more carefully, we must start from 

the assumption that it is made up of a series of circular events. Each material produced by man gives its 

contribution of carbon to the ecosystem and it is also important to evaluate the contributions due to energy 

consumption, transport, etc. In this way we can have a clearer idea of the actual circularity of the different 

products. 

The extraction of raw materials of fossil origin, such as coal and petroleum derivatives, produces large 

quantities of methane, contributing to the increase in greenhouse gases, as does the decomposition of the 

materials produced with them. The fossil derivatives of carbon (oil, gas, etc.) also tend to generate 

substances that are difficult to digest by microorganisms and in many cases the only possibility of treating 

their waste is that of incineration with a high release of carbon dioxide into the environment. 

Although it is not a rule, the tendency of carbon fossil derivatives is to generate materials that are difficult or 

only partially biodegradable, generating microplastics and nanoplastics. 

Instead, materials containing high percentages of bio-based carbon guarantee the future reduction of 

greenhouse gases. 
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 Quantification of bio-based carbon 
 

In nature there are different forms of carbon (isotopes), some are stable (and do not change over time) while 

others are more unstable and over time have a decay (or half-life) that lasts about 5,730 years (the content 

decreases by half in this time frame). One of these isotopes (radiocarbon or 14C) is formed naturally through 

the bombardment of nitrogen present in the earth's upper atmosphere by cosmic rays, and then slowly 

reverts to non-radioactive nitrogen through a phenomenon called beta decay. 
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Following this logic, 

renewable sources of 

carbon contain trace 

amounts of this 

radioactive isotope, which 

can be quantified with 

reasonable precision 

through the use of various 

laboratory techniques. If 

we consider that the half-

life of radioactive carbon 

is over 5,000 years, we 

can guess that fossil or 

mineral carbon sources 

that are millions of years 

old contain very negligible amounts of the 14C isotope. For this reason, accurate quantification of this 

isotope is very useful for understanding the proportions of petroleum-derived versus biomass-derived 

carbon in materials and chemicals. The same technique can be applied in archeology for dating organic finds 

up to 60,000 years old, with reasonable accuracy. 

 

 

 

Research on the quantification of radiocarbon 
 

Since 2019 Ars Tinctoria (one of the first private laboratories in the world and the first in Italy for bio-based 

analysis) has been carrying out research in the field of radiocarbon quantification through SCAR (Saturated-

Absorption Cavity Ring-Down) spectrometry, developed by the Istituto Nazionale di Ottica (Optics National 

Institute) of Florence, compared to the already known AMS technique (Accelerator Mass Spectrometry), to 

measure the radiocarbon content in materials. 

SCAR spectrometry calculates very accurately the intrinsic content of carbon in any organic material derived 

both from biomass and from fossil origin. 

This method, presented in various international scientific conferences (Milan, Buenos Aires, Dubai, Freiburg, 

Lyon) has received appreciation and consensus and has finally made it possible to determine the bio-

circularity of the most varied materials in the tanning, textile, plastics and industrial chemicals production 

chains. 
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Tuscan Vegetable Tanned Leather –  
Bio-based by nature 

 

Vegetable tanned leather is the result of a millenary artisan tradition, in which the original process 

has been handed down from generation to generation, always based on natural materials: hides, 

tannins, fats, oils and natural proteins. 

For centuries, the Tuscan master tanners have preserved this tradition with small variations, but 

always basing the process on totally natural products: a concept of circularity, rooted in century old 

tradition. 

The need today is to demonstrate, with objective scientific data, that traditional tanning is still the 

most natural choice. The Italian Vegetable Tanned Leather Consortium has decided to submit the 

leathers of all the member tanneries to analysis to measure the degree of intrinsic circularity of 

their product. 

This research confirmed that all the vegetable tanned leathers processed according to the 

Consortium's Production Regulations reach bio-based carbon contents above 80%, positioning them 

in the highest reference range (80% - 100% ) of contemporary materials of biological origin. 

Laboratory analyses have shown results ranging from a minimum value of 85% to a maximum of 

100%, with an average fixed at around 95%. 

The traditional manufacturing process of vegetable tanned leather is also evolving toward the 

concept of zero waste. This process has in its nature the very concept of reusing waste. In fact, 

100% of the raw hides used for this type of tanning derive from animals that have been raised for 

food consumption. In addition to hides, today many other waste products from the process are 

recovered: from fleshings to shavings, from trimmings to scraps of tanned leather, all these wastes 

can be transformed into fertilizers for agriculture. This is theoretically possible even with vegetable 

tanned leather items at the end of their life cycle. 

Authentic vegetable tanned leather allows you to obtain excellent quality fertilizers, thanks to the 

same natural components that give the leather its unique characteristics: its high hydroxyproline 

content (the most abundant amino acid in the leather) allows a gradual release of nitrogen with 

excellent fixation levels. Hydroxyproline, in addition to being a source of nitrogen, has bio-

stimulating properties, which increase the resistance of plants to stressful situations, such as,  

temperature or drought. 

In conclusion, vegetable tanned leather not only balances the amount of carbon dioxide produced 

and absorbed, but even reduces its overall amount in favor of the environment. 
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The research conducted by Ars Tinctoria has made it possible to apply SCAR spectrometry to a large 

number of materials present in the fashion world. The results obtained are in many cases surprising 

and completely refute false beliefs that are spreading in the world of fashion. 

To better understand the results of the survey, we used the image of a pyramid. At the base, 

materials have been inserted in which bio-based carbon is almost absent and which therefore can 

be considered to be, for all intents and purposes, as petroleum derivatives. In the upper part of the 

pyramid, on the contrary, there are those materials that have a biological content between 80% and 

100%. Vegetable tanned leather is in this noble position. These results were achieved thanks to a 

process of continuous improvement of the production techniques that the Italian Vegetable Tanned 

Leather Consortium has been undertaking for many years now and which has involved all its 

member tanneries that have chosen to adhere to its quality specification. It is a process that 

pursues the core values of Quality, which aims for continuous improvement, year after year, in the 

belief that we can always do better, especially when it comes to our well-being and the health of 

our planet.  

  



 

 
 

10 

 

Technical Specifications 

for the use of the Tuscan Vegetable Tanned Leather  

and the ICEC Sustainability labels  

This study and the results presented are the final piece that the Consortium wanted to include in a 

path towards the circularity of its product and production process, which began years ago with the 

publication of a Production Technical Specification for the Tuscan Vegetable Tanned Leather. 

This protocol was updated and expanded in 2021 (edition 2) and today includes the main 

sustainability qualification issues of the leather supply chain, i.e. the characteristics applicable to 

the product (traceability of raw hides, type of tanning, made in), and the fundamental characteristic 

of the environmental, social, health and safety management system of member companies. 

Compliance with the Regulations guarantees the associated tanneries the license to use the Pelle 

Conciata al Vegetale in Toscana trademark and, in this new edition, the ICEC Sustainability label. 

To avoid any kind of green washing, self-assessment is not permitted. The license to use the two 

trademarks is obtained only after verification by independent third parties. 

The Consortium has established a plan for adherence to the Regulations and verification of the 
requirements of all its members and has entrusted ICEC, the Quality Certification Institute for the 
Leather Area, with the verification. Following the audits carried out in 2022, all Members can now 
use both labels to communicate the sustainability values achieved in a transparent and objective 
way. 

In detail: 

 

the “Tuscan Vegetable Tanned Leather” label  

  

is awarded following an ICEC Audit which verifies, in relation to 

the products subject to labeling, that: 

• the material is Leather pursuant to Legislative Decree 68/2020 

and to the directive 94/11/CE 

• the type of tanning is vegetable tanning in accordance with the EN15987, UNI10885 standards, 

with the addition of more restrictive requirements determined by the Consortium. The leather tests 

are carried out in Accredia accredited laboratories 

• the manufacturing company belongs to the Tuscan territory and the production phases (from pre-

tanning to finishing) are entirely carried out in Tuscany (made in Tuscany) 

• Traceability of the origin of raw hides is managed in accordance with the mapping provided for in 

the ICEC TS410 standard. The information collected concerns the nations and places of origin of the 

raw hides, the nations and places of breeding of the animals. 
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the ICEC “Sustainability” label 

 

is awarded following an ICEC Audit at the associated company to 
verify that there is a system for managing the applicable legal 
obligations in the following matters: 

• environment (ref. ISO14001) 

• health and safety of workers (ref. ISO45001) 

• social responsibility (ref. SA8000). 

  

 

The minimum requirements of the company management system concern all the employees, the 

production sites, and the activities carried out by the company necessary for the production of the 

finished leathers which are labeled with the Pelle Conciata al Vegetale Toscana mark. 

The qualification process for its members, started by the Consortium in 2011, evolves constantly over 
time, incorporating the most salient and recent updates on the subjects mentioned in the 
subsequent editions of the Disciplinary. Further revisions will therefore be possible in the future, to 
which the associated tanneries will always have to comply through ICEC inspections. 
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