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Editors’ Preface 
The European Roundtable for Sustainable Consumption and Production - 
ERSCP is one of Europe's most remarkable conferences in its field and has 
taken place periodically since 1994. ERSCPs favour discussions about the key 
issues in sustainable consumption and production, the exchange of thoughts, 
knowledge, experiences and SCP proposals and the creation of a European 
(also worldwide) community of research and practice in sustainable 
consumption and production. The main goal of the ERSCPs is to encourage 
discussion amongst stakeholders involved in sustainable consumption and 
production: businesses, public institutions, universities, institutes and 
research centres, NGOs, SMEs, professional associations, decision-makers, etc. 

The 19th European Roundtable for Sustainable Consumption and Production 
Conference was held in Barcelona, from 15 to 18 October2019. It was organised 
by the Institute for Sustainability Science and Technology of the Universitat 
Politècnica de Catalunya - BarcelonaTech in cooperation with the ERSCP 
Society. 

Participants from almost 40 different countries contributed their work to the 
conference. Different parallel events took place during the event, such as the 
‘Circular Design Conference’; the ‘European Network for Research, Good 
practice and Innovation fur Sustainable Energy - ENERGISE’; a discussion 
session on Sustainable Consumption and Care held by the ‘Sustainable 
Consumption Research and Action Initiative – SCORAI Europe’ and a PhD day. 
The 19th ERSCP encouraged event sustainability among its participants and 
took action to organise a sustainable conference through diverse initiatives, 
such as proposing a voluntary CO2 compensation programme, promoting a 
zero-waste conference event, and fostering specific sustainable consumption 
practices. 

19th ERSCP conference proceedings are organised in a ‘Book of abstract’ and 
a ‘Book of full papers’; the latter, consisting of two volumes. Respectively, 196 
abstracts and 110 full papers are included. Each book and each volume has a 
separate ISBN number. The proceedings will be available for conference 
delegates and ERSCP members in digital format.  

  



  
 
 

CONFERENCE TOPICS  

• Circular design 

• Circular Economy 

• Circularity through public procurement 

• Creative approaches in sustainable consumption & lifestyle 

• Cross cutting  design 

• Cross Cutting Policy 

• Cross cutting transdisciplinarity 

• Cross-cutting innovation 

• Design and consumption 

• Designing consumption 

• Disruptive high – tech solution to promote sustainability in industry and 

tertiary sector 

• Education for sustainable transitions 

• Food and waste 

• Green and inclusive entrepreneurship  

• ICT for sustainable consumption 

• Innovative approaches in Education for Sustainable Development 

• Repair in Society policy and product design  

• Resource efficiency 

• Responsible and collaborative consumption and production 

• Social Business 

• Social change beyond consumerism 

• Social innovation for sustainable consumption 

• Strategic partnership among academia, industry and stakeholders 

• Sufficiency approaches to complement technological solutions 

• Sustainable buildings and architecture 

• Sustainable cities and communities 

• Sustainable ethical investments 

• Sustainable management and operations 

• Visioning for transitions to scp and a circular economy 

• Zero waste economy 

 



Proceedings of the 19th European Roundtable for Sustainable Consumption and Production (ERSCP 2019) 
Institute for Sustainability Science and Technology, Universitat Politècnica de Catalunya, Barcelona, 15−18 October 2019 

 

1                                                                                                                   ISBN: 978-84-09-16893-4   
 

INDEX 
 
Strategic Partnership among academia, industry and stakeholders ................................... 5 
 
Actor-level experiences of public-private-civil society partnerships for energy transitions: a short 
reflection on street interviews in Hammarby Sjöstad, Stockholm .......................................................... 6 

Paul Upham,Paula Maria Bögel, Olga Kordas 

Sufficiency approaches to complement technological solutions ........................................ 10 
 
Limit My Energy Use! An In-Situ Exploration of a Smart Home System Featuring an Adaptive 
Energy Threshold .................................................................................................................................. 11 

Sara Renström, Sofie Andersson, Andreas Jonasson, Ulrike Rahe, Katharina Merl, Mikael 
Sundgren 

Towards sustainable and sufficient energy consumption: Challenging heating-related practices in 
Denmark, Finland and Hungary ............................................................................................................ 25 

Senja Laakso, Charlotte Louise Jensen, Edina Vadovics, Eeva-Lotta Apajalahti, Freja Friis, 
Anita Szőllőssy 

From green public procurement towards circular public procurement practices .................................. 42 
Heidi Simone Kristensen, Mette Alberg Mosgaard, Arne Remmen 

Promoting the Circular Economy through Public Procurement ........................................................... 58 
Áurea Adell Quero, Bettina Schaefer 

Public procurement of products from renewable resources in Germany: Results from empirical studies
 .............................................................................................................................................................. 67 

Felix Blank, Ronald Bogaschewsky, Jennifer Fischer 

Creative approaches in sustainable consumption & lifestyle ............................................ 79 
 
How Sustainable Lifestyle Practices of Millennials Influence their Motivation to Promote Green 
Products to Friends ............................................................................................................................... 80 

Egle Staniskiene, Jurgis Kazimieras Staniskis, Zivile Stankeviciute, Joana Ramanauskaite, Asta 
Daunoriene 

The role of practice-based living labs in redesigning socio-technical systems toward sustainability .. 94 
Senja Laakso, Eva Heiskanen, Kaisa Matschoss, Eeva-Lotta Apajalahti, Frances Fahy 

A Practice-Theoretical Framework for Sufficiency-based Lifestyles ................................................. 110 
Maren Ingrid Kropfeld 

Degrowth-conform business models: Theoretical framework development and application ............. 126 
Stephan Hankammer, Robin Kleer, Lena Mühl  

Consequences of Engagement into Sustainable Consumption in the Workplace: The Role of Moral 
Climate ................................................................................................................................................ 143 

Laura Salciuviene 

The Strategic Conditions for Sustainable Lifestyles as a tool to facilitate backcasting processes 
towards co-designing and implementing sustainable social innovations ............................................ 155 

Georgina Guillen-Hanson 

Cross-cutting Innovation ..................................................................................................... 170 
 
Developing and testing a collaborative partner ideation tool for circular proposition design: Evidence 
from a circular innovation festival ...................................................................................................... 171 

Phil Brown, Brian Baldassarre, Jan Konietzko, Nancy Bocken, Ruud Balkenende 

The Open Source Hardware paradigm: an emerging model for research? ......................................... 192 



Proceedings of the 19th European Roundtable for Sustainable Consumption and Production (ERSCP 2019) 
Institute for Sustainability Science and Technology, Universitat Politècnica de Catalunya, Barcelona, 15−18 October 2019 

 

ISBN: 978-84-09-16893-4  2 
 

 
 
Mainardo Gaudenzi Asinelli, Pau Català, Jordi Serra, Moisès Serra, Ramon Jerez, Judit Molera 

Collaboration networks as a critical factor for sustainable organizations. Five years of the Nexus24 
program at UPC-BarcelonaTech on collaborative communities. ....................................................... 202 

Didac Ferrer-Balas, Ginevra Marina Lazzerini, Pere Losantos, Martí Rosas-Casals 

Education for sustainable transitions ................................................................................ 216 
 
The EDINSOST project: Improving Sustainability Education in Spanish Higher Education ............ 217 

Jordi Segalàs, Fermín Sánchez-Carracedo 

By children for adults: Understanding sustainable consumption through co-design of visual narratives 
with young people ............................................................................................................................... 241 

Dr Doreen Donovan 

Education for Sustainable Development and Environmental Communication in the National 
University of General Sarmiento, Argentina ...................................................................................... 251 

Norma Gabriela Faitani, Raquel Ofelia Bielsa251 

ICT for sustainable consumption .................................................................................................... 270 
 

Social media as a boost for sustainable consumption – example of social media online communities of 
mothers ................................................................................................................................................ 271 

Marta Grybś-Kabocik 

Social innovation for sustainable consumption ................................................................. 276 
 
The Sustainable Lifestyles Accelerator (SLA) - Catalyzing change towards sustainable lifestyles of 
private households .............................................................................................................................. 277 

Torsten Masseck, Katrin Bienge, Michael Lettenmeier 

The challenge of quantification: Social Life Cycle Assessment (sLCA) for advanced biofuel from 
waste wood integrated in the steel industry ........................................................................................ 286 

Ingrid Kaltenegger, Petra Königshofer 

Circular consumption and production of electronic devices: an approach to measuring durability, 
upgradeability, reusability, obsolescence and premature recycling .................................................... 299 

David Franquesa, Leandro Navarro, Stephan Fortelny, Mireia Roura, Jordi Nadeu 

Triple dividend options in transforming heating behaviour patterns .................................................. 313 
Ágnes Zsóka, Mária Csutora, Gábor Harangozó, Mária Bartek-Lesi 

Social innovations for sustainable consumption: a theory-based comparison of cases in Germany, 
Brazil and Iran..................................................................................................................................... 326 

Martina Schäfer, Samira Iran, Marina Figueiredo, Jose Lazaro, Melanie Jaeger-Erben, 
MinelleSilva, Magdalena Meißner 

Collaborative Consumption: a Perspective of Brazilian Consumers .................................................. 345 
Angélica Catarine da Mota Araújo, Verônica Macário de Oliveira, Ana Beatriz Marinho Leite, 
Suzanne Érica Nóbrega Correia 

Sustainable buildings and architecture .............................................................................. 362 
 
Recycled Fibers in Reinforced Concrete: a systematic literature review ............................................ 363 

Roberto Merli, Michele Preziosi, Alessia Acampora and Elisabetta Petrucci 

The Multi-criteria Assessment of Sustainable Residential High-rise Building Design ...................... 375 
Bahareh Maleki, Maria del Mar Casanovas Rubio, Albert de la Fuente Antequera  

Reuse of building products and components. ..................................................................................... 384 
Addressing normative barriers to enhance opportunities for C&D waste in the Circular Economy... 384 

Elisa Zatta 



Proceedings of the 19th European Roundtable for Sustainable Consumption and Production (ERSCP 2019) 
Institute for Sustainability Science and Technology, Universitat Politècnica de Catalunya, Barcelona, 15−18 October 2019 

 

3                                                                                                                   ISBN: 978-84-09-16893-4   
 

Quantitative Assessment of Energy Consumption at the Urban Scale: the Ecological Footprint of a 
University Campus .............................................................................................................................. 398 

Sonetti, G., Favaro, S., Genta, C., Fracastoro, G. V., Lombardi, P.  

Enhancing the Accountability and Comparability of Different Campuses’ Energy Profiles Through an 
Energy Clusters Approach .................................................................................................................. 414 

Sonetti, G*, Chelleri, L.,, Kikuta, K. 

Zero waste economy ............................................................................................................. 438 
 
Zero Waste and Circular Economy Sector in Europe ......................................................................... 439 

Peter Glavič, Aida Szilagyi, Isavella Karouti, Achilleas Kostoulas, Oihana Hernaez, Martin 
Dolinsky, Thomas Schönfelder, Pavel Ruzicka, Gosia Stawecka, Dimitrios Karadimas,Cristina S. 
Rocha, David Camocho, Bojana Žiberna, Eugenia Atín, Barbara Hammerl, Hans Schnitzer 

Evaluation of the environmental impact of take-away beverage cups and possible measures to reduce 
the consumption .................................................................................................................................. 457 

F. Rubik1*, B. Kauertz2, S. Schlecht2, S. Markwardt2, J. Heinisch3, P. Kolbe4, Y. Hake4 ...... 457 

Buying waste: Standardization and exchange in circular economy procurement ............................... 468 
Elizabeth Miller 

Two experimental outcomes from solid waste of leather industry ..................................................... 485 
Silvia Pérez-Bou, Amaia Zuazua-Ros, Marina Vidaurre, César Martín-Gómez 

Sustainable  Cities and Communities ................................................................................. 493 
 
The agro-food system in the city of Valencia, Spain. Assessment of the transformative capacity 
towards sustainability .......................................................................................................................... 494 

Nancy Sarabia, Jordi Peris, Sergio Segura 

How Affordable is Housing for Urban Poor? A case study of environmentally sustainable public 
housing in India................................................................................................................................... 510 

Mahesti Okitasari, Ranjeeta Mishra 

Social Input for Environmental Quality Assessment in the Littoral Besòs: Insights of a tool’ design-
process to support quadruple helix’ integration. ................................................................................. 520 

N.A. Ramírez-Agudelo, Joan de Pablo, Elisabet Roca 

Urban green: Distribution of trees and its relationship with socio-spatial segregation ...................... 536 
M.A. Cruz, E. Roca , M.I. Ortego 

Generations and urban development: evidences from an on-site survey of 37 settlements in Hungary 
near to the Slovenian borderline ......................................................................................................... 547 

Mariann Szabó PhD 

Sustainable management and operations .......................................................................... 565 
 
Supporting the decision making process for selecting the eco-efficiency methods in companies ...... 566 

Aida Szilagyi, Marian Mocan, Mihaela Labosel 

Environmental Impact Analysis of E-book vs. Paper Book with a Case from Turkey .............. 581 
Sevgi Bilgiç, Ilke Bereketli Zafeirakopoulos 

When the going gets risky: How climate risk perception and risk attitude affect climate change 
adaptation ............................................................................................................................................ 592 

Lucrezia Nava, Jorge Chiapetti, Rui Barbosa da Rocha, Maja Tampe 

Assessing the coverage of sustainability reports: An analysis of sustainability in seaports ............... 609 
Lea Fobbe, Rodrigo Lozano,, Angela Carpenter 

Enabling circular economy through reverse logistics under extended producer responsibility .......... 627 
Bening Mayanti, Petri Helo 

Modular software platform design for supporting a Circular Supply-Chain ...................................... 640 



Proceedings of the 19th European Roundtable for Sustainable Consumption and Production (ERSCP 2019) 
Institute for Sustainability Science and Technology, Universitat Politècnica de Catalunya, Barcelona, 15−18 October 2019 

 

ISBN: 978-84-09-16893-4  4 
 

1Eva M. Urbano,Victor Martinez-Viol, Luis Romeral 

An integrated system dynamics and mcdm approach for the Evaluation of mobile phones’ waste 
management in turkey ......................................................................................................................... 653 

Aziz Kemal Konyalıoğlu, İlke Bereketli Zafeirakopoulos 

 
 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



19th European Roundtable for Sustainable Consumption and Production (ERSCP 2019) 
Institute for Sustainability Science and Technology, Universitat Politècnica de Catalunya, Barcelona, 15-18 October 2019 

 

485                                                                                                                   ISBN: 978-84-09-16893-4 
  
 

 
Two experimental outcomes from solid waste of leather industry 

 
Silvia Pérez-Bou

1
, Amaia Zuazua-Ros

2
, Marina Vidaurre

3
, César Martín-Gómez

4 
 
 

1Dept. of Theory, Projects and Urbanism, Universidad de Navarra, 31009 Pamplona, Spain, sperezb@unav.es 2Dept. of Construction, Building 

Services and Structures, Universidad de Navarra, 31009 Pamplona, Spain, azuazua@unav.es 3Dept. of Construction, Building Services and 

Structures, Universidad de Navarra, 31009 Pamplona, Spain, mvidaurre@unav.es 4Dept. of Construction, Building Services and Structures, 

Universidad de Navarra, 31009 Pamplona, Spain, cmargom@unav.es 

 
 

Abstract 
 
Leather industry is an example of circular economy, using meat industry wastes (hides and skins) as raw materials. 

However, it also produces a big amount of organic waste in the process of tanning. This paper presents an experimental 

study of several proposals to reuse the weekly tons of left-overs (both shavings and hair) issued by a tannery, as new 

resources, instead of taking them to an external composting plant or to the landfill. Three different types of solid wastes 

(chromium and vegetable tanned shavings, and discarded hair) have been characterized and analysed to obtain biomass 

and acoustic panels for building industry. The calorific values of the discarded hair and the shavings have been 

analysed both in wet and dried samples. After testing the samples according to the Spanish Norm UNE-EN 

141918:2011, the results showed that the calorific value obtained from the dried hair is higher than the standard values 

considered for general biomass, forestry biomass or even wood pellet. Thus, bearing in mind that the plant already has 

installed a cogeneration system, the daily discarded hair obtained in this tannery, after the processing of drying, would 

cover completely the gas consumption coming from the boiler installed for the heating demand of the industrial plant, 

and part of the consumption from the gas engines. The wet hair gives no interesting results. The second approach to the 

waste has been to look for new products in building sector. After obtaining the granulometry of both chromium and 

chromium-free leather shavings, different tests were done with different additives: gypsum, glue, cement, cement plus 

latex, resin, cement plus sand and latex resin. The mechanic tests showed no interesting results in terms of resistance to 

flexion or compression in gypsum composites. However, the results in terms of acoustic absorption are good, giving 

similar data as agglomerate cork or some carpets. The outcomes of the experimental research have been promising, as 

they open several paths to get the maximum use of leather solid waste. 

 
 
Keywords: Waste Leather, Cogeneration, Acoustic absorption, Circular Economy 

 
 
 
 
 

1. Introduction 

Leather industry is an important player in the global economy with an estimated trade value of approximately US$100 

billion per year (UNIDO, 2010). Moreover, it is an example of the industrial symbiosis of circular economy (Park et al., 

2010), as more than 99% of the world leather production comes from the processing of raw hides and skins from 
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animals raised mainly for milk and/or meat production (Brugnoli, 2012). Although the consume of red meat in 

developed countries is decreasing, for developing countries is increasing. Predictions indicate that the supply of leather 

raw material will continue to follow in growth with population (FAO, 2016; 

Pringle et al., 2016; UNIDO, 2010). The average production in 2012-2014 reached more than 7 million tonnes of raw 

hides and skins, being more than 6.5 million bovine and nearly 0.5 sheep. In number of pieces, we had for the same 

period, an average of 364 millions of bovine hides, 550 millions of lambskins and 486 millions of goat and kidskins per 

year. Only in Spain, the average production from 1999 to 2014 has been 2.5 million pieces per year of bovine hides and 

skins, with a slight decreasing the last years (FAO, 2016). 

 
Leather industry generates a significant quantity of solid wastes: 0,7 kg/kg of hides or skins processed, according to 

different authors (Kluska et al., 2018, Pringle et al., 2016; Sekaran et al., 2007; World Bank, 1999), or a wider range 

depending on the processes or raw materials: 0,45-0,73 kg/kg, World Bank (2007). Currently, a great amount of these 

by-products is sent to landfill generating serious environmental damages. There is an increasing concern about how to 

diminish the undesirable effects of this industry. Some recovery or disposal options existing are: extraction of organic 

material for fertilization or pharmaceutical industry, thermal incineration (incineration, gasification and pyrolysis), 

vermin composting, regenerated leather, etc., (Pringle et al., 2016; Sekaran et al., 2007; Yilmaz, 2007). 

 
This experimental project has been the response to a tannery located in Spain, highly committed to circular economy 

and environmental aspects. In that factory, they receive the raw material (hides and skins) and do the main operations: 

pre-tanning, tanning (both chromium and chromium-free), dyeing, and finishing. We have used three kinds of solid 

waste generated during the pre-tanning and tanning processes: discarded hair, chrome shavings trimmings and buffing 

dust from fleshing. The daily amount of wet discarded bullock-hair in that tannery is about 10 tonnes, while the amount 

of dried wet-blue trimmings is 2 tonnes. 

 
We have conducted two experimental researches. On the one hand, the study about the use of buffing and hair waste as 

fuel source for heat production and, on the other the potential of the shavings and buffing dust as construction material 

for the design of acoustic panels. 

 
2. Methods 

As explained before, the experimental experience is divided in two different topics. On the one hand, the study about 

the use of buffing and hair waste as fuel source for heat production and on the other the potential of the shavings and 

buffing dust as construction material for the design of acoustic panels. 

Waste of the leather industry as biomass: 
 
At a first stage, the calorific value of the waste is measured and analysed. The waste material studied are both, the 

buffing dust and the discarded bullock hair. For the test, the standard UNE-EN 14918:2011 “Solid biofuels - 

Determination of calorific value” was used as a reference. 

Regarding the discarded hair, the raw waste material is wet with high humidity since it is the output of the first 

cleaning and pre-tanning step of the process. Thus, in order to evaluate the possibility of using this material without 

any pre-combustion drying process, the potential of the wet waste as fuel source is also considered. In this case, the 
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characteristics of the raw material under study led to the adaptation of the standard to the requirements of the material.  

The standard defines the tests to measure the Lower Calorific Value (LCV), which corresponds to the heat of the 

combustion that does not consider the energy of water condensation, and the Higher Calorific Value (HCV), which 

considers the energy from the condensation of water vapor. 

In this context, the waste material samples tested are the wet hair (Base Wet Hair, BWH), the dry hair (Base Dry Hair, 

BDH, this sample follows the drying process defined in the standard) and a wet white shaving sample (Base Wet White, 

BWW), which follows the standardized drying process. 

Once the results are obtained, a comparison of the outputs of the lower calorific values with other biomass materials is 

made to evaluate its potential. Besides, a brief study and analysis of energy savings to assess the possibility of 

replacing the use of natural gas for the heating plant with the waste material from the factory itself. 

Waste as new material for the construction industry 
 
First of all, we reviewed the existing literature on the research about recovery of leather by-products to use in the 

building industry. We have not found specialised centres, but some approaches in preliminary phases using these 

materials as additives in cements, and their performance in mechanic and thermic terms. 

We begin mixing trimmings with gypsum in different proportions, to study the new panels’ mechanic properties. 
 
Then, we proposed the use of these discarded materials as acoustic panels, due to the lightness of the buffing dust and 

the huge amount of waste material generated by the industrial plant. Regarding this application, the method followed is 

divided in two steps. 

First, a review of binders used in ceiling panels is carried out in order to select several components to develop the 

experimental samples. At the same time, the granulometry of the waste material is analysed in order to evaluate the size 

and amount of material per sample. After numerous combinations, finally ten samples of possible panel compositions 

are chosen to be tested. The binders used in these samples are cement, latex resin, gypsum and wood glue. Regarding the 

size of the shavings, the samples are divided in two groups, those under 4 mm diameter and those over 8 mm. 

Second, an acoustic study is made following the standard UNE EN ISO 10534-2 “Acoustics - Determination of sound 

absorption coefficient and impedance in impedances tubes”. Thereby, a comparative study between the different 

options of samples finally chosen is made. 

3. Results and Discussion 

Biomass potential 

We have obtained Higher Calorific Value (HCV) and Lower Calorific Value (LCV) in MJ/KG of the respective 

samples: discarded hair (both wet and dry) and wet-white bullock shavings. 

Table 1. Results of the determination of the calorific value in MJ/kg. 
 

Sample HCV LCV 
Dry hair (BDH) 20.3 19.1 
Wet hair (BWH) 5.7 3.7 
Shavings (BWW) 21.4 20.0 
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As we can extract from these results, the use of wet hair directly from the process of leather tanning to obtain biomass 

is to be dismissed, because of its low calorific value, being HCV 5.7 MJ/Kg and LCV 3.7 MJ/Kg insignificant 

compared to dry hair and shavings. So, in order to use discarded hair as biomass, we need to take a drying process. 

Nonetheless, the results of both dry hair (BDH) and wet-white bullock shavings (BWW) are surprisingly promising if 

we compare them with the Low Calorific Value of the materials currently used for biomass in cogeneration, as we can 

see in the next figure. They are significantly higher than the standard values like general biomass, forest industry 

biomass or even wood pellet. 

 
Figure 1. LCV of the samples analysed in comparison with other common products used for biomass. 
 
The industrial plant we have worked with has already installed a cogeneration system. We have compared the current 

production in MWh with the potential production of waste material analysed, in order to determine the savings’ 

possibilities. 

As we have said before, the daily amount of waste in an ordinary working day in this tannery is 10 Tn hair and 2 Tn 

wet-white shavings. 

Taking as a reference the consumption of the installed gas boilers and gas engines, the annual thermal energy generated 

is 21,285 MWh, being 4,100 MWh from the gas boiler and 17,185 MWh from the gas engines. 

As a preliminary assessment, the results obtained from the calorific value test are used to calculate the potential of 

using these wastes as biomass. Hence, after applying a performance coefficient and calculating the monthly production 

of the factory, it can be considered that the thermal energy obtained from the BDH is 9,788 MWh and from the BWW is 

2,050 MWh. 

Table 2. Annual thermal energy production in MWh. 
 

Current production Waste material studied 
Gas boiler Gas engines BDH BWW 

4,099.8 17,184.8 9,788.8 2,050.0 

Considering both BDH and BWW together, the waste would represent 56% of the real heat production. 
 
The thermal production from BHD would completely replace the heat produced by the natural gas boilers. However, is 

not enough to totally replace the production from the gas engines. 

As a result of this experimental research, we propose to substitute the gas boiler by discarded dry hair used as biomass. 
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It is not finished the evaluation of the possible savings using shavings as biomass and the in-depth analysis of the 

combustion gasses (in order to measure the sulphur amount). 

 
Building panels 

The second approach to the waste has been to look for new materials in building sector, first in different blends and, 

finally, as acoustic panels. 

After obtaining the granulometry of both chromium and chromium-free leather shavings, we did several tests with 

different additives: gypsum, glue, cement, cement plus latex, resin, cement plus sand and latex resin. The mechanic 

tests show no interesting results in terms of resistance to flexion or compression in gypsum composites. Those are not 

included in this paper. 

Another experimental approach has been to blend trimmings with bioplastics, using corn starch, Kraft paper pulp and 

two plastic polymers (LDPE and EVA 20%). In the latter case, the polymer and shavings mixture was crushed by 

mechanical grinding under cryogenic conditions to produce films of different compositions (10% or 50% shavings). 

In the mixture of trimmings with these thermoplastics (LDPE and EVA) to produce the corresponding composite 

material, grinding produces a homogeneous material of good appearance and with acceptable mechanical properties at 

a qualitative level up to 10% LDPE and 50% EVA. 

The mixture with Kraft paper pulp gives a mouldable product with similar texture and characteristics to the ones used 

in packaging. We need further investigation to study the sustainability and recyclability conditions of this product. 

The mixture with corn starch is not satisfactory, as it gives an extremely soft and mechanically weak product 
 
The mixture of trimmings with PLA in order to create a filament to 3D printing requires specific equipment not 

available in our laboratory. In consequence, the results of the samples are not profitable. 

Table 3. Composition of the different samples tested as acoustic panels 
 

Sample 
number Binder Ø shaving 

(mm) Binder Water Shaving (WB o 
WW) 

1. Cement <4 33,3% 33,3% 33,3% (WW) 
2. Cement >8 33,3% 33,3% 33,3% (WW) 
3. Cement + latex <4 30,0% 40,0% 30,0% (WW) 
4. Cement + latex >8 30,0% 40,0% 30,0% (WW) 
5. Gypsum <4 30,0% 50,0% 20,0% (WW) 
6. Gypsum >8 30,0% 50,0% 20,0% (WW) 
7. Latex <4 16,7% 33,3% 50,0% (WW) 
8. Latex >8 16,7% 33,3% 50,0% (WW) 
9. Glue varied 2,0% 49,0% 49,0% (WB) 
10. Glue >4 2,0% 49,0% 49,0% (WB) 

We had ten different samples, according to shavings’ size, the proportion of binder, water and shavings (both wet blue 

and wet white, chromium and chromium-free respectively). Next images show the samples, following what is 

stipulated by the standard UNE EN ISO 10534-2. 
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Figure 2. Samples for the tests of acoustic performance according to the standard UNE EN ISO 10534-2. 
 
We sent the samples to Tecnalia, a company specialised in building technologies, in order to do the acoustic tests and the 

results are shown in Table 4. 

Table 4. Mean values of Acoustic Absorption Coefficient of the ten samples 
 

 Mean values of Acoustic Absorption Coefficient incidence rate normal, α 
f(Hz) 1 2 3 4 5 6 7 8 9 10 
50 0,03 0,01 0 0,02 0,01 0 0,02 0,02 0,05 0,01 
63 0,04 0,01 0,01 0,03 0,01 0,01 0 0 0,03 0,01 
80 0,05 0,02 0,03 0,04 0,02 0,02 0,01 0 0,05 0,02 
100 0,06 0,05 0,05 0,05 0,03 0,03 0,02 0,02 0,06 0,04 
125 0,07 0,06 0,07 0,07 0,04 0,04 0,03 0,02 0,08 0,05 
160 0,1 0,08 0,11 0,1 0,07 0,05 0,04 0,04 0,11 0,08 
200 0,19 0,14 0,14 0,12 0,1 0,08 0,05 0,05 0,13 0,13 
250 0,28 0,23 0,2 0,17 0,15 0,13 0,09 0,08 0,14 0,19 
315 0,25 0,35 0,24 0,21 0,23 0,2 0,13 0,09 0,18 0,3 
400 0,26 0,44 0,27 0,24 0,32 0,32 0,2 0,12 0,2 0,41 
500 0,29 0,48 0,29 0,33 0,43 0,47 0,31 0,16 0,22 0,48 
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630 0,33 0,46 0,32 0,33 0,51 0,56 0,42 0,22 0,24 0,48 
800 0,42 0,47 0,4 0,41 0,53 0,58 0,5 0,31 0,28 0,47 
1000 0,5 0,52 0,5 0,54 0,53 0,6 0,5 0,43 0,34 0,51 
1250 0,55 0,53 0,66 0,68 0,53 0,64 0,48 0,55 0,42 0,57 
1600 0,49 0,48 0,62 0,63 0,53 0,61 0,49 0,69 0,4 0,54 
2000 0,47 0,46 0,54 0,57 0,48 0,54 0,46 0,72 0,4 0,5 
2500 0,46 0,46 0,47 0,52 0,45 0,47 0,42 0,63 0,41 0,46 
3150 0,51 0,5 0,45 0,51 0,44 0,43 0,39 0,51 0,39 0,45 
4000 0,56 0,54 0,48 0,54 0,46 0,44 0,38 0,43 0,4 0,48 
5000 0,62 0,57 0,51 0,62 0,5 0,51 0,41 0,4 0,42 0,51 
6300 0,66 0,64 0,57 0,73 0,57 0,65 0,56 0,5 0,5 0,58 

 
Table 5. Mean values of Acoustic Absorption Coefficient. Agglomerated cork tiles and carpet over solid wall 
 

f(Hz) Agglomerated 
cork 

Carpet 

125 0,05 0,09 
250 0,10 0,08 
500 0,20 0,21 
1000 0,55 0,27 
2000 0,60 0,27 
4000 0,55 0,37 

The results in terms of acoustic absorption are good, giving similar data as agglomerate cork and some carpets. We 

consider them as adequate for a possible use in improving acoustic conditions in rooms. In this initial phase of 

experimental character, we have emphasised the number and variety of samples rather than going through an in-depth 

research in one of them. 

A further research has to be conducted in order to obtain a better product in terms of compactness or with better surface 

finishing that improves the obtained values. 

 
4. Conclusions 

Nowadays many researchers are experimenting trying to find new uses for waste from raw materials during their whole 

life cycle and they are obtaining very interesting and needed outcomes. A huge amount of organic waste is produced 

during the process of tanning that could be used instead of being sent to the landfill. 

Two approaches were analysed, and both showed interesting results to be further evaluated in the coming future. One 

is the use of the leather waste as fuel and the other is its potential, once agglomerated, as acoustic panel for 

architectural purposes. 

Waste of the leather industry as biomass: 
 
There is a high potential of energy savings using the dry hair and shavings as fuel but no interesting results were found 

for wet hair. The energy from burning the waste materials would be enough to replace the gas of the boilers. 

Nevertheless, more tests are needed to evaluate the emission of pollutant gases. 

Sound absorption panels for the construction industry: 
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The hair and the shavings were mixed with several binders (cement, latex, gypsum and glue) and ten of the samples 

were tested obtaining their sound absorption coefficient following the standard UNE EN ISO 10534-2. Preliminary 

results show absorption coefficients close to those of cork panels or carpets, but further research is needed to test panels 

of bigger dimensions. 

As it has been demonstrated, there are several promising approaches to the use of tanneries’ waste materials, but more 

research should be done so as to close life cycle loop. 

This project, PT025 AnAERObE, has been developed from July to November 2018, thanks to the funds provided by 

Gobierno de Navarra, in its program Ayudas a CENTROS TECNOLÓGICOS y organismos de investigación y 

difusión de conocimientos para la realización de PROYECTOS DE I+D CONVOCATORIA 2018. 
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