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A R T I C L E  I N F O   

Keywords: 
Life cycle impact assessment (LCIA) 
Global warming potential (GWP) 
Pine bark tannin 
Mimosa tannin 
Vegetable tanning 

A B S T R A C T   

The use of vegetable tannins is a bio-based alternative to chrome tanning. The most used vegetable extracts are 
Mimosa and Quebracho. To improve the sustainability of the tanning process, a chemically unmodified pine bark 
could be used as a natural source of tannins. The present study was aimed to evaluate the environmental impact 
of the use of pine bark powder to obtain vegetable leather through a life cycle assessment. Specifically, the life 
cycle impact evaluation was performed for both: i) pine bark powder tannin and the atomized mimosa extract 
production as raw material; and ii) the production process of a tanned leather with pine bark tannin versus a 
tanned leather with mimosa extract. 

An eco-friendly and cleaner production method for obtaining pine bark powder was developed. This new 
production method allows to obtain a reduction in 83% in the “climate change” impact category. However, when 
this tannin is applied to obtain a tanned leather, the tanning process shows an increase in all studied impact 
categories compared with the use of the atomized mimosa extract.   

1. Introduction 

In recent decades, the leather industry has focused on reducing the 
environmental impact and on the search for alternatives to chrome 
tanning and the development of new, more sustainable technologies to 
reduce the chromium waste generated (Oruko et al., 2020). 

China et al. presented an assessment of different eco-friendly tanning 
alternatives to improve or replace the chrome tanning maintaining the 
leather quality (China et al., 2020). 

The alternatives are new chrome-free tanning processes such as 
organic tanning, consisting of phenolic synthetic products, aluminum 
salts, as well as vegetable tanning (Laurenti et al., 2017). 

Vegetable tanning is based on the use of tannic extracts as a source of 
polyphenols able to crosslink the collagen. The extracts are available in 
liquid or powder format and are obtained from various parts of plants 
and trees. Usually, the extract of mimosa (Acacia meansii) of African 
origin and the extract of quebracho (Schinopsis lorentzii) of South 
American origin are used. To obtain both extracts it is necessary to cut 
down trees that require between 30 and 50 years to mature (Fraga--
Corral et al., 2020). 

The recovery of residues from pine forestry, i.e. bark, pinecone and 
trimmings as a sustainable and renewable source of tannins could 

promote their disposal as a new completely biodegradable tanning 
material. It would allow the use of a local product without the need to 
cut down trees and that would additionally reduce the carbon footprint 
considerably. 

Several works focused on the study of the polyphenols and its re-
covery from different parts of pine can be found (Venugopal et al., 
2015). Although the use of renewable resources from forestry industry is 
increasing, there is a lack of novel products obtained from the trans-
formation of its solid wastes, (Yesil-Celiktas et al., 2009). for example, 
the extraction of bio active compounds such polyphenols by supercrit-
ical CO2 (da Silva et al., 2016), the extraction by means of solvents 
(Seabra et al., 2018), and moderate electric fields (Ferreira-Santos et al., 
2019). 

Among these works, Cadiz et al. carried out the characterization of 
the phenolic compounds in concentrated extracts of pine bark and green 
tea by means of high-performance liquid chromatography coupled to an 
electrospray-type mass spectrometry (HPLC-ESI-QTOF-MS), as well as 
the quantification of total polyphenols using the Folin-Ciocalteu method 
and flavan-3-ols using the vanillin method. The most representative 
groups of compounds identified were the flavan-3-ols. It is worth high-
lighting several isomers identified for the first time in pine bark: (epi) 
fisetinidol- (epi) catechin and chalca-flavan-3-ol (Cadiz-Gurrea et al., 
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2014). 
Chupin et al. studied the effect of particle size on the extraction of 

tannins from maritime pine bark using microwave-assisted extraction 
(MAE). They found that the smaller the particle size, the higher the 
tannic yield. This extraction methodology reduces extraction times to 3 
min. It also extracts a greater amount of condensed tannins, flavonoids 
and sugars (Chupin et al., 2015). 

In 2020, Ferreira-Santos et al. collected information on the chemical 
composition of pine and its constituents (wood, bark, leaves, cones, pine 
nuts and resin) the different applications of pine, solvents for the 
extraction of tannins (methanol, ethanol, acetone, ethyl acetate, 
dichloromethane, hexane, isopropanol, acetonitrile and their aqueous 
solutions), the extraction technologies, the constituents of the extracts 
and their chromatographic separation (Ferreira-Santos et al., 2020). 

Following this line of research, the physical modification of the by- 
products from pine forest exploitation was studied to increase their 

tanning power, a chemical characterization of them was carried out and 
the product was validated through semi-industrial applications. The 
study found that chemically unmodified pine bark could be used as a 
natural source of tannins in order to obtain a vegetable tanned leather. 

In this work the sustainability of pine bark tannin is evaluated. A life 
cycle analysis will be carried out that allows comparing the process of 
obtaining this by-product with tanning power, coming from the forest 
exploitation of pine with the process of obtaining atomized mimosa 
extract (commercial extract currently used in the tanning industry). In 
addition, the sustainability of the vegetable tanned leather using the 
new by-product will be evaluated by means of a comparative life cycle 
analysis of the leather obtained with conventional tanning will be car-
ried out with respect to the leather obtained with pine bark tannin. 

2. Material and methods 

This paper presents the life cycle impact evaluation of both: i) pine 
bark powder tannin and the atomized mimosa extract production as raw 
material; and ii) the production process of a tanned leather with pine 
bark tannin versus a tanned leather with mimosa extract. 

2.1. Pine bark powder tannin and the atomized mimosa extract 
production as raw material 

The impact evaluation for obtaining pine bark powder and atomized 
mimosa extract will be focused on energy and resources consumption, as 
well as emission reduction. 

Both studied processes in this work do not show the same stages nor 
the same unit processes. The main difference is that to obtain the pine 
bark powder, two stages are needed: grinding and sifting, while to 
obtain atomized mimosa extract, they are necessary: an extraction, 
followed by clarification, evaporation and spray drying. 

For the environmental impact analysis, the open-LCA 1.8.0 program 
was used together with the GaBi Professional SP30 database (July 2016) 
and the XV Textile finishing extension. The environmental impact cat-
egories were defined by selecting the ILCD 2011, midpoint [v1.0.10, 
August 2016] as the calculation model. 

In Fig. 1, the flow chart corresponding to the process of obtaining 
pine bark powder can be observed. 

The pine bark powder production begins by collecting a residue, 
which is mechanized and then, two differentiated fractions are obtained, 
the fraction that meets expectations as a tanning agent and the rejected 
fraction that can be treated as a biomass energy source. 

The tree debarking process constitutes a social impact since the 
human being intervenes by performing the activity manually and, 
consequently, this activity could not be quantified. 

In reference to transport, the Gabi database incorporates processes 
such as Truck, consumption mix, diesel driven, Euro 1, cargo 12–14 t 
gross weight/9.3 t payload capacity that is fed by the Cargo and Diesel 
flows, the latter being a variable depending on distance, payload, sulfur 
content, share of biogenic carbon in fuel, urban driving share, highway 
driving share, rural driving share and biomass use. 

The machinery involved in the pine bark powder production con-
sumes electrical energy. The difficulty of accurately quantifying said 
consumption led to an assumption by which the maximum power of the 
grinding and sifting equipment corresponds to the active power (useful 
work in the form of conversion of electrical energy to mechanical en-
ergy) and there is no a reactive power subject to losses. In this way, the 
energy is the result of the product of the parameters power and time 
necessary to grind a quantity of bark. 

Fig. 1. Flow diagram of the process for obtaining pine bark powder.  

Table 1 
Record of inputs and outputs of the pine bark powder production system.  

INPUTS OUTPUTS 

Flow Amount Flow Amount 

Pine bark 
(functional 
unit) 

1 kg Pine bark powder able to tan 0.375 
kg 

Electricity Grinding: 0.01 
kWh/kg 

Rejected pine bark powder 
(byproduct – biomass energy) 

0.575 
kg 

Sifting: 0.0108 
kWh/kg 

Cargo 
Diesel 

Gabi database Atmospheric emissions 0.05 kg  

Table 2 
Flows contribution in the pine bark powder production impact.  

PROCESS FLOW SUPPLIER LOCATION 

Transportation Diesel Mix at filling station consumption mix 
from crude oil and biocomponents 8.38 
wt % biocomponents 

EU-27 

Truck Consumption mix diesel driven, EURO 
5, cargo 12–14 t gross weight/9.3 t 
payload capacity 

GLO 

Grinding/ 
sifting 

Energy Grid mix, consumption mix AC 
consumer AC, technology mix <1 kV 

EU 27  
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Energygrinding = 1, 000 W ×
1 kW

1, 000 W
×

1 h
100 kg pine bark

= 0.0100 kWh/kg  

Energysifting = 135 W ×
1 kW

1, 000 W
×

8 h
100 kg pine bark powder

= 0.0108 kWh/kg 

In Table 1, the input and output values for the pine bark powder 
production process are collected, which will be the raw material for 
tanning. 

In Table 2 the processes and flows that contribute to the impact of the 
production process for obtaining pine bark powder can be observed. 

The flows that contribute to the environmental impact and/or harm 
human health are the consumption of diesel to carry out the transport of 
waste material and the energy consumption of the grinding and sifting 
processes. 

In Fig. 2, the flow chart corresponding to the production process of 
atomized mimosa extract is presented. 

In Table 3, the input and output values are collected for the pro-
duction of atomized mimosa extract, which will be the raw material for 
tanning. 

The atomized mimosa extract comes from South Africa, for which 

Fig. 2. Flow diagram of the process for obtaining atomized mimosa extract.  

Table 3 
Record of inputs and outputs of the atomized mimosa extract production system.  

INPUTS OUTPUTS 

Flow Amount Flow Amount 

Mimosa bark (functional 
unit) 

5000 kg Mimosa wet wood 5000 kg 

Electricity 157.21 MJ Atomized mimosa 
extract 

1198.1 
kg 

Sodium bisulphite 62.46 kg Wastewater 4426.6 
kg 

Thermal energy - Steam 10,000 MJ Vaporized water 
(sewage correction) 

90.33 kg 

Thermal energy 9715 MJ   
Water 9090.33 kg   
Transportation (route: 

South Africa - BCN)    
Light vehicle 500 km (S. Africa 

Port) 
Merchant ship 10,380.46 km 
Truck 70 km (BCN Port 

– factory)  
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there is a distance that must be covered by vehicle and ship. These 
transport methods are defined in the Gabi database. 

In Table 3, the distances are shown in order to associate an impact 
value to each evaluated transport method. 

In Table 4, the processes and flows that contribute to the impact of 
the production process for obtaining atomized mimosa extract can be 
observed. 

It should also be taken into account that to obtain an equivalence in 
tannic content, for each kilogram of atomized mimosa extract with 50% 

tannin content, 2577 kg of pine bark powder with 19.4% tannin content 
are necessary. 

2.2. Production process of a tanned leather with pine bark tannin versus a 
tanned leather with mimosa extract 

Once the environmental impact assessment for the production of the 
two raw materials has been carried out, the study of the life cycle 
analysis of the tanning process at industrial level is carried out using 
these raw materials. 

The impact assessment will focus on energy, resources and emission 
reduction. The functional unit to which every input and output is 
referred is 1000 kg of pelt hide from a conventional process. 

Both studied tanning processes in this work don’t show the same 
stages. To obtain pine bark powder tanned leather, two stages are 
needed: pretanning and tanning, while to obtain conventional tanning 
using atomized mimosa extract only one stage is needed. In addition, 
different chemical products and different formulations have to be 
applied in each case to achieve the same final product, a vegetable 
leather with the same characteristics. 

The impact of the components or substances used in a small per-
centage (<1% of the total contribution of the flows) is excluded from the 
calculation and the impact of the products that are not in the database is 
calculated from proxies. 

In Table 5 the tanning formulation using pine bark powder is shown. 
In Table 6 the tanning formulation using atomized mimosa extract, 

that is, the conventional formulation, is shown. 
In Fig. 3, the flow chart corresponding to the process of obtaining 

pine bark powder tanned leather can be observed. 
In Fig. 4, the flow chart corresponding to the process of obtaining 

conventional tanned leather can be observed. 
In Table 7, the input and output values are collected for the pro-

duction of pine bark powder tanned leather. 
In Table 8, the input and output values are collected for the pro-

duction of conventional tanned leather. 
The pine bark powder has been developed at laboratory scale, tested 

and applied to leather. When the product and the formulations were 
optimized, it was validated at an industrial level. So, data used in the life 
cycle inventory has been obtained during the development of the project 
at an industrial scale. 

3. Results 

3.1. Life cycle assessment for pine bark powder production versus 
atomized mimosa extract 

Table 9 shows the impact categories results for both types of tannins 
production and their comparison. 

As mentioned in Section 2.1, to obtain an equivalence in tannic 
content 2.577 kg pine bark powder compared to 1 kg of atomized 
mimosa extract are used as functional units for the comparison. 

Table 4 
Flows contribution in the atomized mimosa extract production impact.  

PROCESS FLOW SUPPLIER LOCATION 

Transportation Merchant 
ship 

Container ship, 5000 to 
200,000 t payload capacity, 
ocean going, consumption 
mix, heavy fuel oil driven, 
cargo, global average 43,000 
t payload capacity, ocean 
going 

GLO 

Light 
vehicle 

Light duty vehicle, Euro 2, up 
to 3.5t gross weight/up to 1.5 
t payload capacity, 
consumption mix, diesel 
driven, Euro 2, cargo, up to 
3.5t gross weight/up to 1.5 t 
payload capacity 

GLO 

Truck Truck, Euro 5, 12–14 t gross 
weight/9.3 t payload 
capacity, consumption mix, 
diesel driven, Euro 5, cargo, 
12–14 t gross weight/9.3 t 
payload capacity 

GLO 

Grinding/Sifting Electricity Electricity grid mix, 
consumption mix, to 
consumer, AC, technology 
mix, <1 kV 

EU 27 

Extraction Steam Process steam from natural 
gas 90%, production mix at 
heat plant. Technology mix 
regarding firing and flue gas 
cleaning (MJ) 

EU 27 

Sodium bisulphite 
production 
(proxy) 

Sodium 
hydroxide 

Sodium hydroxide (caustic 
soda) mix (100%), 
consumption mix, to 
consumer, technology mix 

EU 27 

Sodium 
sulfide 

Sulfur (elemental) at refinery, 
production mix from crude oil 

EU 27 

Concentration/ 
Drying 

Thermal 
energy 

Thermal energy from light 
fuel oil (LFO), production mix 
at heat plant. Technology mix 
regarding firing and flue gas 
cleaning 

EU 27  

Table 5 
Formulation for pine bark powder tanning.  

OPERATION ◦C % Product Time  

Pickle 20 60 Water  8-9◦Bé 
7.0 Sodium chloride 20 min 
1.2 Formic acid 15 min  
0.3 Sulfuric acid 240 min pH = 2.53 
0.6 Aldehydic product 60 min  

Tanning 20 260 Water   
0.1 EDTA   
4.0 Synthetic dispersant 60 min  
10.7 Mimosa extract   
20 Pine bark powder 90 min  
4.0 Synthetic dispersant 60 min  
10.7 Mimosa extract   
20 Pine bark powder 660 min  

40 40 Water 15 min  
3.0 Naphthalene sulfonic acid 90 min     

Sammying  

Table 6 
Conventional tanning formulation.  

OPERATION ◦C % Product Time  

Pickle 20 60 Water  8-9 ◦Bé  
7.0 Sodium chloride 20 min 
1.2 Formic acid 15 min  
0.3 Sulfuric acid 240 min pH = 2.53 
0.6 Aldehydic product 60 min  

Tanning 20 5.0 Synthetic dispersant 60 min  
16.0 Mimosa extract 180 min  

25 50 Water   
12.0 Quebracho extract   

36 3.0 Naphthalene sulfonic acid 240 min      
Sammying  
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Fig. 3. Flow diagram for pine bark powder tanning.  

Fig. 4. Flow diagram for conventional tanning.  
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As seen in Table 9, the potential use of pine bark powder leads to a 
decrease in all impact categories analyzed. Most impacts have reduced 
more than 90%. This reduction is attributed to the avoidance of the 
transport of mimosa from South Africa to Barcelona and the fact that the 
process of obtaining pine bark powder requires fewer steps and less 
energy than the process of obtaining atomized mimosa extract. 

3.2. Life cycle assessment for pine bark tanning versus conventional 
tanning 

Table 10 shows the impact categories for both types of tanning 
processes. 

Contrary to the results obtained in the life cycle analysis of obtaining 
the powder of pine bark compared to commercial atomized mimosa 
(Table 9), which has been shown to produce a substantial improvement 
in all the categories studied; in the case of the tanning process with pine 
bark powder (Table 10), an increase in environmental impact is 
observed in each of the categories. Specifically, the new process repre-
sents an increase of 29.6% in the climate change category impact, which 
is the most consensual impact category. 

This fact it is a consequence of the difference in the volume of water 
required in each process, of the order of four times higher in the new 
process to reduce the reactivity of the pine bark powder, which, as it is 

not chemically modified, has a tendency to fix superficially. Then, as 
more water is used, more energy is needed to generate a greater me-
chanical effect during the tanning and achieve a greater penetration of 
the products into the hide. 

3.3. Analysis of the results 

In order to identify the origin of the differences in the comparative 
results, an analysis of the results is performed. 

Figs. 5 and 6 show the major contributors on the impact results in the 
production and transport of the studied vegetable tannins (mimosa 
extract and pine bark powder). According to Fig. 5, it is clear that the 
major contributor to the mimosa extract is its production (most of it 
related to energy consumption) followed by the maritime transport. In 
less measure, road transport also affects some of the categories. 

As transport is identified a major contributor in some categories 
(acidification, marine eutrophication, particulate matter, photochem-
ical ozone formation and terrestrial eutrophication), a sensitivity anal-
ysis is performed in order to assess alternative production sites. Mimosa 
extract is obtained from the mimosa tree, that apart from south Africa 
can also come from Brazil or Tanzania. However, the effect of its pro-
duction and transport in these alternative origins does not alter signif-
icantly the impact results. The transport distance between Brazil and 
South Africa is very similar. The impact variation attributed to change 
mimosa origin from South Africa to Tanzania, is only of 3% at the most 
in some impact categories. 

Table 7 
Record of inputs and outputs of the tanning using pine bark powder.  

INPUTS OUTPUTS 

Flow Amount Flow Amount 
Pelt hides 1000 kg Wastewater 2880 kg 
Water 3600 kg Tanned 

leathers 
1000 kg 

Sodium chloride 70 kg   
Glutaraldehyde – proxy 6 kg   
Formic acid – proxy 12 kg   
Sulfuric acid 3 kg   
Synthetic dispersant – proxy 80 kg   
Atomized mimosa extract 214 kg   
Pine bark powder 400 kg   
Naphthalene sulfonic acid – 

proxy 
30 kg   

Thermal energy 19,800 kcal   
Drum use 4.184,72 

kg⋅day   
Process time 1310 min    

Table 8 
Record of inputs and outputs of the conventional tanning.  

INPUTS OUTPUTS 

Flow Amount Flow Amount 
Pelt hides 1000 kg Wastewater 880 kg 
Water 1100 kg Tanned leather 1000 kg 
Sodium chloride 70 kg   
Glutaraldehyde – proxy 6 kg   
Formic acid – proxy 12 kg   
Sulfuric acid 3 kg   
Synthetic dispersant – proxy 80 kg   
Atomized mimosa extract 160 kg   
Atomized quebracho extract 120 kg   
Naphthalene sulfonic acid – 

proxy 
30 kg   

Thermal energy 2750 kcal   
Drum use 2238.54 kg ⋅ day   
Process time 1535 min    

Table 9 
Studied impact categories for pine bark powder and atomized mimosa extract 
production.   

Pine bark 
powder 

Atomized 
mimosa 
extract 

% impact 
reduction Pine 
vs mimosa 

Units 

Acidification 0.00029 0.00828 96.50% Mole 
H+ eq. 

Climate change 0.09905 1.65011 94.00% kg CO2 

eq. 
Freshwater 

ecotoxicity 
0.00295 0.1206 97.55% CTUe 

Freshwater 
eutrophication 

1.39E-07 3.72E-07 62.51% kg P eq. 

Human toxicity - 
carcinogenics 

5.50E-11 4.95E-09 98.89% CTUh 

Human toxicity - non- 
carcinogenics 

1.46E-09 1.92E-08 92.40% CTUh 

Ionizing radiation - 
ecosystems 

1.94E-07 2.16E-07 10.04% CTUe 

Ionizing radiation - 
human health 

0.02817 0.03131 10.03% kg U235 
eq. 

Land use 8.52890 12.1845 30.00% kg SOC 
Marine eutrophication 8.53E-05 0.00232 96.32% kg N eq. 
Ozone depletion 4.73E-11 5.23E-11 9.58% kg CFC- 

11 eq. 
Particulate matter/ 

Respiratory 
inorganics 

1.38E-05 0.00037 96.28% kg 
PM2,5 
eq. 

Photochemical ozone 
formation 

0.00019 0.00641 97.04% kg C2H4 

eq. 
Resource depletion - 

mineral, fossils and 
renewables 

0.00012 0.00015 20.00% kg Sb 
eq. 

Resource depletion - 
water 

0.08912 0.10985 18.87% m3 

Terrestrial 
eutrophication 

0.00091 0.02545 96.42% Mole N 
eq.  
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As seen in Fig. 6, the major impact contribution in pine tannin pro-
duction is electrical energy to perform the mechanical operations 
needed to reach a fine particle from the pine bark. In less measure, road 
transport also affects some of the impacts. 

In Figs. 7 and 8 the criticalities in the different processes of tanning 
for the different impact indicators are identified. The contributors to 
each category are mainly the drumming process and the mimosa and 
quebracho vegetable tannins production and transport. 

First, main contributors to most impact categories on the conven-
tional tanning are the drumming energy, mimosa and quebracho tan-
nins, and in some categories also the dispersing agent. In the pine 
tanning process, the main contributors are also the drumming energy, 
mimosa tannin and the dispersing agent, increased in the tanning 
formulation in order to preserve similar final product properties to be 
comparable. Bark pine powder has a low contribution for most impact 

categories, being the fourth or fifth contributor with less than 2% impact 
in all of them. Sodium chloride and formic acid appear above bark pine 
tannin in some impact categories as well. 

To improve the obtained results, future work needs to be oriented 
towards the solubilization and dry spraying of the pine bark powder. 

4. Conclusions 

Life cycle analysis is a tool for evaluating the environmental impact 
of processes or products. On the one hand, two products were evaluated, 
the pine bark powder and the atomized mimosa extract; and on the other 
hand, the tanning processes using both tannins. In view of the results 
obtained, the fact of not carrying out any chemical modification of the 
pine bark powder reduces each of the impact categories evaluated. It 
should be emphasized that the process for obtaining grinded and sieved 

Table 10 
Studied impact categories for pine bark powder tanning and conventional tanning.   

Pine tanning Conventional tanning % impact increase Pine vs Conventional Units 

Acidification 4.56 3.99 114.43% Mole H+ eq. 
Climate change 1319.50 1018.10 129.60% kg CO2 eq. 
Freshwater ecotoxicity 107.41 83.80 128.17% CTUe 
Freshwater eutrophication 0.00 0.00 167.06% kg P eq. 
Human toxicity - carcinogenics 3.65E-06 3.04E-06 120.22% CTUh 
Human toxicity - non-carcinogenics 2.78E-05 1.91E-05 145.66% CTUh 
Ionizing radiation - ecosystems 0.00 0.00 183.72% CTUe 
Ionizing radiation - human health 314.57 171.23 183.71% kg U235 eq. 
Land use 104656.25 58444.77 179.07% kg SOC 
Marine eutrophication 1.07 1.03 104.21% kg N eq. 
Ozone depletion 5.22E-07 2.84E-07 184.08% kg CFC-11 eq. 
Particulate matter/Respiratory inorganics 0.24 0.20 119.92% kg PM2,5 eq. 
Photochemical ozone formation 5.13 4.17 123.02% kg C2H4 eq. 
Resource depletion - mineral, fossils and renewables 1.49 0.82 181.65% kg Sb eq. 
Resource depletion - water 1022.54 559.86 182.64% m3 

Terrestrial eutrophication 11.34 11.05 102.58% Mole N eq.  

Fig. 5. Atomized mimosa extract impacts contribution.  
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Fig. 6. Bark pine powder impacts contribution.  

Fig. 7. Conventional tanning impacts contribution.  
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bark powder is cleaner and more sustainable, allowing to obtain a 
reduction in 94% in the impact category “Climate change”. Additionally, 
pine bark used is a by-product from the forestry industry aimed to 
improve the silvicultural management in maintaining biodiversity and 
resistances of forests in Europe. 

Although very good results that have been obtained in the tannin 
production stage, when comparing its application in leather tanning, it is 
observed that atomized mimosa extract requires less water during 
manufacture and reacts better with leather, also reducing the energy 
required to carry out the tanning process. 

The effect of the major contributors to the results have been identi-
fied. It can be concluded that the main contributors in both tanning 
processes are the drumming energy, mimosa tannin and the dispersing 
agent. Tanning process with bark pine required more dispersing agent 
and mimosa in order to preserve similar final product properties to be 
comparable. Bark pine powder has a low contribution for most impact 
categories. 

For these reasons, the tanning process with pine bark powder should 
be studied more deeply as well as to obtain a modified pine bark product 
with better performance to be used as new raw material for leather 
industry. 
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