


The 24th International Sustainable Development Research Society Conference (ISDRS 2018)

ACTIONS FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE 

13-15 June 2018, Messina (Italy)

BOOK OF PAPERS 

Edited by: The Organizing Committee of the ISDRS 2018 Conference 

ISBN - - - -  

Department of Economics 

Piazza Pugliatti, 1 – Messina (Italy) 



ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

Table of Contents

Analyzing sustainable development: systems-based methods and modeling tools for the Sustainable Devel-
opment Goals 1

Mr. David Zelinka, Prof. Bernard Amadei

Designing resilience as a variable of sustainable development. Deductive methodology contribution for es-
sential housing requirements. 20

Dr. ilaria montella, Prof. Chiara Tonelli

A Triple-pronged Methodology for Ensuring Impact in flroblem-centred Research 38

Dr. Bart van Hoof, Dr. Henry Gomez

Geographical tools & metropolitan water system analysis for the Rio de Janeiro Metropolitan Resilience 53

Dr. antonella contin, Dr. Yara Valverde, Dr. Maria Fernanda Lemos, Ms. Sandy Jiyoon Kim

Integrated Modeling of the Water-Energy-Land-Food Nexus: Importance of Context, Scale, Boundary Selec-
tion, and Community Capacity 59

Prof. Bernard Amadei, Mr. David Zelinka

The EMAS Recognition of the Livenza Furniture District in the flrovince of flordenone ”Italy) 78

Dr. Veronica Novelli, Dr. Paola Geatti, Dr. Francesco Bianco, Prof. Luciano Ceccon, Dr. Stefania Del Frate, Dr. Paolo
Badin

Discussion paper on the assessment of positive impacts and a proposal for criteria for their inclusion in Life
Cycle Assessment in general and Social Life Cycle Assessment in particular. 95

Mr. Pim Croes, Dr. Walter J.V. Vermeulen

Ecosystem-based evaluation of two sustainability standards applied to oil palm cultivation in Sabah,
Malaysia 107

Mrs. Jeanette S. Blumroeder, Dr. Peter R. Hobson, Mr. Uli F. Gräbener, Dr. Susanne Winter, Prof. Pierre L. Ibisch

Exploring the interlinkages of water and sanitation across the 2030 Agenda: a Bayesian Network approach 121

Mr. David Requejo-Castro, Dr. Ricard Giné-Garriga, Prof. Agustí Pérez-Foguet

Sustainability Indicators flast and flresent: What next? 136

Prof. Simon Bell, Prof. Stephen Morse

The impact of the structure of electricity generation on the environmental footprint of pork meat production 148

Prof. Joanna Kulczycka, Mr. Lukasz Lelek, Prof. Zygmunt Kowalski, Mrs. Malgorzata Wernicka

Translation of remote sensing data into sustainable development indicators 157

Mrs. Ana Andries, Prof. Stephen Morse, Prof. Jim Lynch, Dr. Emma Woolliams, Dr. John Fonweban, Prof. Richard
Murphy

ix



ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

The Cooperative Learning Approach: a Case Study by the Sustainable Tourism Lab 174

Dr. Andrea Rostagno, Prof. Giovanni Peira

Industrial ecology in management education: the case of the Uniandes School of Management 183

Dr. Bart van Hoof, Prof. Jooyoung Park, Dr. Santiago Mejia

fledagogical uses of design thinking and Facebook to help moroccan women adapt to oods related to climate
change 190

Dr. Diane Pruneau, Dr. Abdellatif Khattabi, Mrs. Maroua Mahjoub, Mrs. Boutaina Eljai, Mrs. Sara Benbrahim

Enabled conditions for efficient biodiversity offsets schemes in South American countries: Lessons from
Brazil, Chile, Colombia and fleru 204

Ms. Isabel Felandro

Reconciling economic development with social and ecological resilience in the biodiversity-rich Seixe River
Basin in southwestern flortugal 219

Mr. Justin Roborg-Söndergaard, Dr. Maria do Rosário Oliveira, Mr. Miguel Jerónimo, Dr. João Joanaz de Melo

LCA-based decision support for plant short-term control: Technical, economic and carbon-footprint assess-
ments of a pump system in wastewater treatment plants 233

Dr. Antonino Marvuglia, Dr. Elorri Igos, Mr. Dario Torregrossa, Dr. Enrico Benetto

The role of trade agreements in mitigating climate change and enhancing sustainable energy 243

Prof. Rafael Leal-Arcas

Dynamic modelling of electricity markets: helping decision-makers and consumers deal with modern chal-
lenges in the energy sector 255

Dr. Nuno Domingues, Dr. João Joanaz de Melo

Fuel Characteristics of Lignocellulosic Fibre ”kahili ginger) and firganic Biomass-Based Composite Materials 262

Mr. Afonso Silva Pinto, Mr. Roberto Amorim, Dr. Telmo Eleutério, Prof. Maria Meirelles, Prof. Maria Pereira, Prof.
Helena Vasconcelos

IMflACTS fiF THE INTERNAL CARBfiN flRICING fiN A BRAZILIAN ELECTRIC ENERGY DISTRIBUTfiR 270

Ms. Rita de Cassia Souza Ribeiro Torres, Dr. José Célio Andrade, Dr. Sonia Maria Da Silva Gomes

Sustainability of technological innovation investments: photovoltaic panels case study 286

Mr. Andrea Esposito, Prof. Giuliana Vinci, Prof. Fabrizio D’Ascenzo, Prof. Andrea Rocchi, Mr. Mattia Rapa, Prof.
Roberto Ruggieri

Corporate Governance and Corporate Social Responsibility Reporting and Assurance: Evidence from Italian
Listed Companies 293

Prof. Lara Tarquinio, Prof. Domenico Raucci, Dr. Agnese Rapposelli

Feasibility evaluation to nance tires recycling companies through donations: pro le characterization of
potential donors. 310

Mrs. Laura Vanegas, Prof. María Catalina Ramírez

x



ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

The growth dynamics of sharing economy businesses – patterns and sustainability impacts 319

Ms. Petra Soltész, Dr. Gyula Zilahy

The impact of environmental practices and communication on guest behavior: examining EU-Ecolabel in
flortuguese hotels 330

Dr. Michele Preziosi, Ms. Patricia Tourais, Dr. Alessia Acampora, Prof. Nuno Videira, Prof. Roberto Merli

Avant qu il ne soit trop tard : from theory to practice using a circular approach 340

Dr. Adriana Sferra

A tool for urban sustainable retro tting processes. A customizable and interactive index to support decision-
making and cultural sustainability in urban areas. 350

Dr. Massimiliano Condotta, Dr. Elisa Zatta

Conversion of an Existing Housing Stock for an Ageing flopulation: Impact of furniture and appliances on
life cycle energy ”LCE) 364

Ms. Fatemeh Yavari, Prof. Brenda Vale

Design for Sustainability in Fashion Accessory: how sustainable design methodologies are applied to the
design process 373

Ms. Trinh Bui, Prof. Alba Cappellieri, Ms. Berill Takacs

Evaluation of the Effects of Building Elements on Human Comfort in Intelligent Buildings at the Design flhase 385

Ms. Helia Taheri, Dr. Traci Rider, Dr. SOOLYEON CHO

Integrating LCA and MCDA for a comprehensive appraisal of different kind of building roofs 395

Dr. giulia sonetti, Prof. Patrizia Lombardi

Systematic approach for identifying possible greenhouse gas emission reduction possibilities with additive
manufacturing 407

Mrs. Maija Leino, Dr. Kaisa Grönman, Dr. Ville Uusitalo, Dr. Heidi Piili, Prof. Risto Soukka

Towards a cohesive methodology for sustainable materials selection in multi-material systems 416

Mr. Marian Kozlowski, Prof. Georg Jacobs, Mr. Jonathan Schmidt, Mr. Sebastian Stein, Mr. Adeel Akram

Designing a circular economy model from the olive mill waste 430

Prof. Annalisa Romani, Dr. Annarita Paiano, Dr. Manuela Ciani Scarnicci, Dr. Arianna Scardigli, Prof. Giovanni
Lagioia

Ecological tiles from Urban Waste Glass and Construction & Demolition Waste 442

Prof. Francesco Ansaloni, Dr. Francesco Radica, Dr. Paola Stabile, Prof. Eleonora Paris

First step to solve environmental problems contributing to social and economic sustainability on an island 454

Dr. Telmo Eleutério, Prof. Maria Pereira, Mr. Roberto Amorim, Prof. Maria Meirelles, Mr. Afonso Silva Pinto, Prof.
Helena Vasconcelos

From linear to circular tourism: the case study of an Italian Ecologically Equipped flroductive Area 459

Dr. Alessia Acampora, Prof. Tiberio Daddi, Prof. Roberto Merli, Dr. Michele Preziosi

xi





Designing a circular economy model from the olive mill waste 

 

Annalisa Romani1, Annarita Paiano2, Manuela Ciani Scarnicci3, Arianna Scardigli4, Giovanni Lagioia5 

 
1 PHYTOLAB (Pharmaceutical, Cosmetic, Food Supplement, Technology and Analysis)-DiSIA, University of Florence, Florence, Italy, 

annalisa.romani@unifi.it 

2 Department of Economics, Management and Business Law, University of Bari Aldo Moro, Bari, Italy, annarita.paiano@uniba.it 

3 eCampus University, Novedrate, Como, Italy, manuela.cianiscarnicci@uniecampus.it 
4 PHYTOLAB (Pharmaceutical, Cosmetic, Food Supplement, Technology and Analysis)-DiSIA, University of Florence, Florence. Italy, 

arianna.scardigli@unifi.it 
5 Department of Economics, Management and Business Law, University of Bari Aldo Moro, Bari, Italy, giovanni.lagioia@uniba.it 

Abstract  
A sustainable system is characterized, inter alia, by a much reduced use of inputs and by the reuse and recycling of material 
outputs (waste is considered a resource and resources have to be maximised within the system). Hence, a circular economy 
model that moves towards the closing loop also suggests a drastic reduction or elimination of waste and dissipative loss. The 
present paper focuses on an useful concept of waste and by-products within the agro industrial system, based on the 
perspective of circular economy. 
This approach can be achieved through efficient small and industrial scale bioenergy plants, biorefineries and 
environmentally friendly processes for the production of biomolecules to be employed as active principles in many sectors. 
In particular, the case study of this paper concerns the exploitation of an olive-oil by-product (wet-pomace) as a new source 
of energy and polyphenol compounds on an industrial scale.  
The paper aims to design a technical and economic model of a platform which produces bioactive compounds from the Olea 
by products, in particular from wet pomace, an olive-oil mill waste, which usually represent a disposal problem. By the 
application of the MFA methodology (Material Flow Analysis) to the production process, the authors provide a case study 
about the implementation of this kind of multifunctional platform in a region in southern Italy, where the cultivation of Olea 
europaea L. and the production of virgin olive oil are widespread. The regional level has been chosen, because the local 
approach allows for avoiding and/or reducing the economic and environmental cost of the waste transport.  
The recovery of chemicals and the production of energy should be a continuous process of interaction between high 
technology and environmental and economic sustainability, making this kind of platform highly innovative and consistent 
with the principles of the circular economy, as well as with the development of a new business. The results have highlighted 
that this platform can produce up to 6000 kg of enriched polyphenol fractions, generating an approximate income of over 
155,000 Euros; moreover, each residue of the process (water, olive stones, destoned pulp) comes into a new use in the same 
and/or external processes according to the circular economy. The conclusion underlines the main positive features of this 
sustainable model, in particular the eco-innovation of the process and the economic and environmental advantages consisting 
in reducing waste, water and energy consumption. 
 
Keywords: Circular Economy; Biorefinery; Agroindustrial Residues; Polyphenols; Olive oil mill waste 

1. Introduction 

A sustainable system is characterized, inter alia, by a much reduced use of inputs (both renewable and non-renewable) and 

by the reuse and recycling of material outputs (waste is considered a resource and resources have to be maximised within the 

system). Hence, this circular economy model that moves towards the closing loop also suggests a drastic reduction or 

elimination of waste and dissipative loss (Ayres, 1996; Ayres and Simonis, 1994; Stahel, 2016).  

In this perspective, a new concept of waste and by-products within the agroindustrial system could be appropriately 

developed, based on the agrifood chain and a lifestyle based on a "zero waste" model.  

This approach can be achieved through efficient small and industrial scale biorefineries (Garcia-Nunez et al., 2016), 

bioenergy plants and environmentally friendly processes for the production of biomolecules (polyphenols) to be employed as 

active principles in agronomy, cosmetics, food, feed and pharmaceutical applications (Brunelleschi et al., 2007). 

Polyphenols are compounds considered to be excellent antioxidants (Owen et al., 2000; EMA, 2017) and cancer prevention 

biocomponents (Owen et al., 2004; Pampaloni et al., 2014); furthermore they have antimicrobial properties (Medina et al., 

2013), hence polyphenols are used in dietary, pharmaceutical and cosmetic products. Among the polyphenols, 
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hydroxytyrosol has useful antioxidant properties and may become important in the search for ‘natural’ replacements for 

‘synthetic’ antioxidant food additives; in particular it could be employed to stabilize or enhance products, such as bakery 

products and meat (Tafesh et al., 2011; Romani et al., 2017).  

Globally, the polyphenols market has grown rapidly over recent years and it is expected to reach 900 million Euros by 2020 

(Hexa Research, 2015; Grand View Research, 2016). The three main geographical areas of consumption are Asia-Pacific, 

North America and Europe. As a consequence, an increasing production of these biomolecules can be forthcoming. 

In this direction the present paper aims to elaborate a technical and economic model of a platform which produces bioactive 

compounds from the Olea by products, in particular from wet pomace, an olive-oil mill waste, which usually represent a 

disposal problem. A sustainable extractive technology followed by membrane separation methods has been applied to the 

olive oil by-product in order to obtain different commercial extracts, which are useful for different applications. 

It is noteworthy because this plant is on industrial scale, instead of on laboratory or pilot scale trials (Garcia-Castello et al., 

2010; Cassano et al., 2013) that are the most widespread plant types of the recovery of bioactive molecules from different 

plant tissues in Europe.  

The industrial plant just aims at the development of a coherent industrial-scale production process, taking into account the 

quantities of raw material available on the local territory. Each membrane is modular and thus easily scalable for any size of 

production (Romani et al, 2017). It has to be underlined that it promotes a new agribusiness model, where regional actors 

(economic, social, environmental) use waste as a resource (Tello et al., 2016; Cardoen et al., 2015). Moreover, the planning 

of sustainable and profitable districts, based on the industrial symbiosis, is reported in the Action Plan on the Circular 

Economy developed by the European Commission in 2015 (European Commission, 2015) and in its revision of 14 March 

2017.  

In the light of these considerations, a case study of estimating the feasibility of this multifunctional platform in Apulia, a 

region in southern Italy, is provided. So, in order to evaluate the availability of the wet pomace supply, its potential in the 

regional territory was assessed.  

After the introduction, which summarises the aim and structure of the paper, the materials and methods section identifies 

material, energy and economics data of the production process described. The methodology of MFA (Material Flow 

Analysis) was applied to identify and quantify the material and energy flows of the production process. Results have 

highlighted that this platform can produce up to 6000 kg of enriched polyphenol fractions, and each residue of the process 

(water, olive stones, destoned pulp) comes into a new use in the same and/or external processes according to the circular 

economy concept. Finally an economic evaluation of the process was made. The feasibility of this plant in Apulia follows. 

Discussion shows the potentialities and the main drawbacks of this industrial platform; lastly, conclusion underlined the 

positive features of this sustainable model, in particular the eco-innovation of the process and the economic and 

environmental advantages consisting in reducing waste, water and energy consumption, demonstrating how the closing loop 

approach is also highly profitable.  

2. Material and methods 

The technical, economic and environmental evaluation of the platform requires a material and energy flow analysis of the 

production cycle. The methodology used is the MFA, which allows to evaluate the energy and material flows in an well 

identified system, that is the production process of the polyphenols from Olea, accounting the inputs (material and energy 

resources consumption) and the outputs (waste products) of the process (Brunner and Rechberger, 2004). 

Within this context, initially, a brief description of the production process was made and the input and output data identified 

(sub-section 2.2) and quantified (sub-section 3.1). Finally the evaluation of the availability of the wet pomace supply and its 
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potential in the regional territory was assessed in order to adequately plan the scale of platform, also according to the 

regional district level identified. 

2.1 Production process  

Data and methods concern the extraction of polyphenols from olive oil by-products based on new sustainable technologies, 

with a water extraction and membrane separation system. Previously, scientific reports considered the same procedure for 

olive-oil waste-water polyphenol purification at a laboratory scale (Garcia-Castello et al., 2010) (Cassano et al., 2013). This 

innovative industrial process instead has been used at an industrial level by using physical technologies 

(PCT/IT/2009/09425529 “Process for producing concentrated and refined active substances from tissues and by-products of 

Olea europaea with membrane technologies”) defined as BAT (Best Available Technology) and recognized by the EPA 
(Environmental Protection Agency) (Pizzichini et al., 2011; Romani et al., 2015; Romani et al., 2016a; Romani et al., 

2016b). 

The process is based on membrane technologies applied to aqueous extracts obtained in a pneumatic extractor and then 

purified by filtration. In particular, the process proposed comprises the following operations in sequence: 

a) the provision of a starting material consisting of wet pomace produced by two-phase oil extraction processes; 

b) electrical destoning of the pomace; 

c) acidifying the destoned pulps to a pH between 2.5 and 4 in order to favour the extraction of the bio-components and 

stabilize the chemical environmental conditions; 

d) extraction at room temperature, with an aqueous solvent, of active components from the matrix, using an electrical 

pneumatic extractor;  

e) treating of the liquid phase resulting from the previous operation with an integrated system of several filtration stages, in 

particular microfiltration (MF), ultrafiltration (UF), nanofiltration (NF) and reverse osmosis (RO). 

The membrane technology, characterised by different molecular weights with cut-off and filtration degrees is used to obtain 

concentrates enriched in polyphenol active principles. 

f) the last step is concentration under vacuum using a scraper evaporator series (C&G Depurazione Industriale company) 

provided with a heat pump (fuelled by olive-stones) in order to increase the concentration of the bioactive components of the 

materials (coming from MF or UF and RO) of commercial interest, and to obtain purified active principles belonging to 

different phenolic subclasses.  

The chromatographic, spectrophotometric and spectrometric (HPLC/DAD/ESI-MS) analyses were performed for each 

extract obtained from the industrial plant just to identify and quantify polyphenolic classes, highlighting a content of over 

90% of hydroxytyrosol and derivates among them.   

The products thus obtained can be marketed either as concentrated solutions and powders with a standardized content in 

polyphenols. In particular the liquid products are dried or spray-dried to obtain stable powders rich in antioxidants of 

biomedical interest. 

As a result, three commercial products are obtained through this process: a liquid fraction, a concentrate paste, and a powder 

(Fig.1), each with different hydroxytyrosol concentrations. 
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Fig. 1. Powder from olive pulp. 

 

2.2 Material and energy data  

2.2.1 Material inputs and main outputs 

In this paper the attention was focussed on the process to be carried out on the platform: from wet pomace to concentrate- 

enriched products. The first phase of the olive-oil production, from olives to oil and wet pomace has been only considered in 

the material data (as figure 2 shows) and it emerges that from the processed olives, by the use of two-phases system, the wet-

pomace can be extracted in the rate of 80% (Roig et al., 2006). The remaining share represents the olive oil (20%). As 

regards the process, from wet pomace to the main output, the yield is very low, equal to approximately 4.4%. The by-

products coming from the process include: demineralised water, obtained from RO, phase (e) and by condensation in the 

concentration phase (f); olive stones from the destoning of the wet pomace (phase b); destoned pulp from the phase (d). It 

must be noted that they are suitable for being used again. 

2.2.2 Energy inputs and outputs  

The energy consumption of the production cycle is concentrated in the main three phases of the process and it can be 

allocated as follows: 20.8% from the olive stones separation phase (b), 31.2% from the extraction phase (d) and 48% from 

the concentration phase (f). It must be noted that the last phase, which is the highest, is also the cheapest in both 

environmental and economic terms, due to the use of olive stones as the energy input. The Lower Heating Value (LHV) of 

olive stones is equal to about 20.5 MJ/kg (ECN, 2016). As regards the destoned pulp, its LHV is about 16 MJ/kg, however 

its energy use has not been considered in this paper. 

2.3 Economic data 

The capital cost of this platform is around 730,000 Euros, of which over 73% concerns the extraction plant. To this cost it 

could be added the one of biomass gasification plant in the range between 150,000 and 350,000 Euros, according to it is only 

heating plant or heat and power microgeneration plant. 

As regards the production costs of the main outputs  (including process, maintenance, personnel and distribution costs) they 

differ according to the form and content of hydroxytyrosol as follows: liquid fraction (concentration 3%) 11 €/kg, 

concentrate paste (concentration 5%) 14 €/kg and powder (concentration 10%) 16 €/kg. To the production costs would be 

added the ones of the wet-pomace supply which are variable and linked to the regional market (i.e. in Apulia they are 

0.015€/kg, which is the lowest in Italy). Since the olive-oil mills usually should pay to dispose of this residue, however they 

could prefer to deliver it free; so the cost of wet-pomace supply has not been included in our hypothesis.  
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The market prices of the enriched products strictly depend on their hydroxytyrosol content, rising as its concentration 

increases. They are as follows: liquid fraction (concentration 3%) 30€/kg, concentrate paste (concentration 5%) 50€/kg and 

powder (concentration 10%) 100€/kg. 

Finally, the market prices of the by-products, olive stones and destoned pulp, are about 0.18 €/kg and 0.12 €/kg respectively 

(Unaprol, 2018). 

 

Fig. 2. Flowchart of the process (kg). 

2.4  Case study. Input and output parameters for the estimate of the  olive-oil mill waste in Apulia 

In Apulia the cultivation of Olea europaea L. and the production of virgin olive oil are widespread: in particular, this region 

is the first producer of olive oil in Italy and consequently the first producer of the wet pomace, which has to be considered 

likewise waste of the olive oil production and main input for the enriched fractions production. Hence, a brief assessment of 

residual biomass potential from an olive-oil mill (in particular, wet pomace from two-phase extraction system1) in the Apulia 

region allows, as already mentioned, for gaining knowledge about the availability of the regional supply.  

In order to quantify an average amount of olive-oil mill waste available in Apulia per year, it is necessary to first assess the 

residues per crop (Olea) and region. A methodology based on a linear correlation among the main outputs per year (P), 

calculated according to statistical data, and the reproducibility factor of agro-industrial residues (R/P), was used as follows:         

 eq.  a) agro-industrial residues R per year  (t/y) = P(R/P)(1-WR/100).  

                                                           
1 The need to improve the oil quality while reducing the environmental impact of the waste has generated further studies on the possibility of 
modifying the widespread "three-phase" centrifugal extraction system so as to reduce the addition of process water. For the above reason the 
so-called "two-phase" extraction systems have been introduced, where no water is added to the decanter and the by-product obtained 
consists of one phase only, made up of a mixture of husks and waste-waters. This improvement, however, has no effect on the reduction of 
the environmental impact and fails to provide a total solution to the problem, consequently further research and experimental applications 
have been conducted aiming towards innovative solutions for the purification and disposal of these residues, such as membrane separation 
processes (e.g. ultrafiltration and reverse osmosis).  
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It must be pointed out that: P, the olive production, greatly affected by several factors, above all weather conditions and 

some diseases of the olive trees2, is an average value of five years (2011–2015) (ISTAT, 2016); R/P is the ratio between the 

residue and the production of the main output (wet pomace/olives), it is especially relevant and very variable depending on 

the type of crop, harvesting technique and olive oil production, and as well as on other factors (Paiano et al, 2016); WR 

represents the moisture content of the residue. Hence, the following parameters are identified: (P) 990,242 tons, (R/P) 0.84, 

(WR) 60 (Riva, Carrafù, 2013; Motola et al., 2009). 

However, it should be highlighted that the share of two-phase extraction processes, used in Apulia and here considered, is 

equal to about 50% of the total (Regione Puglia, 2012), so this rate has been considered in our estimate. As a consequence, P 

became 495,121 tons and will be considered as the parameter in the equation a), the results of which are illustrated in Sub-

section 3.3. 

3. Results and discussion 

3.1 Material and energy results 

The material balance of the process, illustrated in Table 1, is equal to a total of 73,200 kg as input and output, of which 2,940 

kg are the main outputs. It must be stressed that all residues found another use, according to the circular economy, as 

illustrated in the flowchart in Figure 2. In particular, 9,555 kg of demineralised water, obtained by condensation from the 

evaporator, is reused in the subsequent cycle, preferably for the preparation of the extraction bath; 13,200 kg of olive stones 

from the destoning are separated and used as energy input of the process for only about 8% and the remaining main part are  

sold as a fuel outside; 47,505 kg of destoned pulp was filtered: in our hypothesis, a part (20%) is reused in the process to be 

further refined or added to the extraction water, and the rest (80%) can be allocated and  sold outside as animal feed or input 

in the production of fertilizers or energy. 

As regards the main output (2,940 kg) it is divided among the following products: 80% (2,352 kg) liquid fraction 

(concentration 3%), 16.5% (485 kg) concentrate past (concentration 5%) and 3.5% (103 kg) powder (concentration 10%). 

They are commercially available and generally suitable to be sold to other stakeholders. 

The full scale plant could increase the production of these outputs twofold in a few years: hence, almost 6,000 kg of enriched 

polyphenol fractions will be produced yearly.  

Table 1. Material balance of the production cycle of enriched polyphenol products. 

Input                               kg Outputs                              kg 

Wet pomace                73,200 Enriched product         2,940 

 Residues: 

-Olive stones              13,200 

-Destoned pulp           47,505   

-Demineralised water    9,555  

Total                           73,200 Total                           73,200 

The energy consumption of the three main production phases is quantified as follows: the concentration phase only uses heat 

produced by the waste biomass of the process, olive stones, for about 8,876 MJ; the destoning phase and the extraction one  

use electricity respectively for 1,066 kWh (equal to 3836 MJ) and 1,600 kWh (equal to 5,761 MJ). Bearing in mind the 

conversion efficiency of 40% for electricity and 85% for thermal energy production, it is possible to calculate the total 

primary energy consumption for the process considered, which is almost 35,000 MJ. It must be pointed out that the use of 

                                                           
2 Over the last four years a particular disease caused by the bacterium Xylella fastidiosa has infected a great number olive trees of Apulia, in 
particular of the provinces of Brindisi and Lecce, often causing their death. 
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by-products enhances the energy efficiency of this process, as well as the economics: the total primary energy consumption 

indeed can be reduced of about 30%, if the energy consumption of the concentration phase, dealt with the use of olive 

stones, has been taken away.  

3.2 Economic results 

An economic estimate of the described production has been made, as you can see from Table 2. To the revenues illustrated 

have to be added ones coming from the share of destoned pulp sold in the agricultural, zootechnical and energy sectors 

(4,560 €) and from the olive stones sold as fuel in several sectors (2,284 €). They have been calculated according to the 

material data shown in Figure 2 and based on the market prices of these by-products indicated in sub-section 2.3. 

So the income amount to over 77,600 Euros and it can be increased to 155,200 Euros, if the production doubles, based on the 

potential full capacity of the plant which could be achieved in a few years, as already mentioned.  

It has to be underlined that a framework of financial and economic indices of the platform will be elaborated in a further 

analysis. 

Table 2. Economic estimate of the production process 

Enriched products   Production costs Revenues  

  kg €/kg Total €  €/kg Total €  

liquid 3% 2,352 11 25,872 30 70,560 

concentrate paste 5% 485 14 6,790 50 24,250 

powder 10% 103 16 1,648 100 10,300 

Total 2,940   34,310   105,110 

Furthermore, the savings of thermal energy and water, here not quantified, allow for further enhancement, in both 

environmental and economic terms. 

3.3 Case study. Potential production of the enriched products in Apulia  

On the basis of the parameters and by using the conversion equation a), illustrated in sub-section 2.4, it is possible to 

calculate the olive oil pomace per year and region, in particular in Apulia, which is about 420,850 tons as wet substance 

(w.s.) and almost 168,342 tons as dry substance (d.s.). These data concern the two-phase extraction method, but as 

aforementioned, there are other methods that can affect the quantity and quality of pomace produced.  

Taking into account the quantitative data of the process and the assessment of the wet-pomace supply in the Apulia region, 

we can calculate how many enriched products (almost 17,000 t per year) could be obtained if, in a simplified hypothesis, all 

the wet pomace coming from two phases extraction system, was to be used for these kinds of platforms. The yearly income 

could achieve roughly 450,000 euros. 

3.5 Discussion  

It must be noted how the continuous interaction between high technology and environmental and economic sustainability 

makes this kind of multifunctional platform highly innovative and consistent with the principles of the circular economy. 

Each residue of the process (water, olive stones, destoned pulp) would come into new use in the same and/or external 

processes, according to the "zero waste" model. As already mentioned, after the extraction of bioactive fractions, residues of 

olive oil mill can be used as animal feed, compost or other agricultural or agro industrial products and/or be exploited as 

energy sources (as Figure 2 shows). 

Bearing in mind that the olive cultivation and olive oil production are among the main economic activities of the region 

Apulia and that this platform is a sustainable example of a closed loop, it would be appropriate for these kinds of activities to 

be implemented in this territory in order to address numerous issues: reducing waste disposal, resource consumption, and 
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revitalising the rural areas with the start-up of new firms. Moreover, innovative production chains could focus not only on 

agroindustrial waste, but also on the Olea agricultural residues, according to the assessment of the residues in Apulia which 

have been estimated in the following figures: agricultural residues (leafy and bunch prunings, wood from uprooting) are 

approximately 695,000 t/y (dry substance, d.s.), or 1,200,000 t/y as wet substance (Ispra, 2010; Paiano and Lagioia, 2016). 

They are quantitatively remarkable, equal to over 37% of the Italian total, as well as the agro-industrial residues (e.g. the 

wet-pomace which is the feedstock used in this paper). These residues could be suitable for use in energy production, 

cogeneration and/or anaerobic digestion, depending on their characteristics, but mainly their lower heating value and 

moisture content. In particular, lignocellulosic residues from Olea, which have a high LHV of 18 GJ/t and an average energy 

potential for Apulia of  12,500 TJ/year, are suitable for the thermochemical process for heat and/or electricity generation, 

and, according to a more innovative production cycle, they could also be used to produce second-generation biofuels (Paiano 

et al., 2011). 

Another implementation could entail the gasification plant for producing syngas from the destoned pulp, and electricity 

through cogeneration (IGCC), in order to achieve the closing loop, supplying the electricity for the destoning and extraction 

phases, besides to sell the surplus of this energy. This further implementation, whose cost is mentioned in the paper, will be 

analysed in the next research.  

As a result, the start-up of sustainable and innovative activities could find the best dimension for growth in the regional or/ 

provincial districts according to the circular economy model (Hubeau et al., 2017). Furthermore, the local approach allows 

for avoiding and/or reducing the economic and environmental cost of waste transport.  

It must be highlighted how the use of the wet pomace as the input in a new production chain allow for addressing several 

problems, due to the chemical and physical characteristics of this residue, which make its disposal very difficult and 

extremely environmentally dangerous. It has a high moisture content (at least 60%), and that is why the mills for the 

extraction of residual olive oil from pomace will not use it, preferring the pomace from other extraction methods with a 

much lower moisture content. For the same reason, the thermal plants which use the exhausted pomace as fuel would dry it 

before the energy production, with a rise in costs. Moreover, the high moisture, oil and polyphenol content of the wet-

pomace make its scattering in the fields difficult. In particular, the polyphenols increase the antimicrobial activity and reduce 

the biodegradability of this residue. Therefore, the extraction of polyphenols, as here illustrated, also allows to reduce 

phytotoxicity of the wet-pomace so as to be used in the fields. 

In addition, the process repeatability must be taken into consideration, compatibly with the fact that the composition of a 

vegetable matrix in any case maintains a natural variability over time. Indeed, several matrices can be used in the same 

platform to produce the purified fractions having different active principle compositions with a high biological value. Such 

matrices comprise the olive tree pruning waste (e.g. leaves, twigs), solid or semisolid olive oil mill residues (e.g. wet pomace 

as in the paper) and other residual biomasses, e.g. from Cynara, the cultivation of which is widespread in the same region. 

This could be useful in overcoming the seasonality of some crops and/or agro-industrial products3, allowing for full 

operability of the platform throughout the year, also in order to increase the economic result.  

Further added value is given by the ecological and economical sustainability of the process that uses agro industrial waste as 

a raw material, and only water as a solvent. This is especially important if we consider that most of the industrial processes 

for obtaining purified extracts currently involve the use of solvents and chemicals.  

This has opened up interesting agronomic, environmental and economic opportunities due to the fact that Italy produces 

approximately three million tons of waste from the-olive-oil industry per year. It is noteworthy that the valorisation of these 

waste products can create a parallel market to that of the olive oil one. In this sense, virtuous olive oil mills which invest in 

innovation could transform waste into a very profitable resource. Nonetheless, one of the main issues, that constitute a 

                                                           
3 For example wet pomace is available from October to February, Cynara from February to June and others in different period.  
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drawback for developing the membrane technologies to large-scale applications, is just mainly due to the olive oil industry, 

which is often composed of little and dispersed factories, that cannot bear the high costs of extract production and the 

maintenance of industrial plants, even considering the savings, coming from the reduction of disposal costs of olive mill 

waste and other agroindustrial by-products. 

4. Conclusion 

The use of residual biomass as a source of bioactive compounds can also be considered a preliminary stage of a closed cycle 

for the production of energy from waste and exhausted raw materials, according to the circular economy concept. Indeed, the 

results suggest the possibility of implementing a multifunctional platform, from which the agro industrial chain and a 

lifestyle targeting a "zero waste" model could be suitably developed. In particular, the extraction of the new biomolecules 

from the olive-oil milling can be considered an integrated step of the circular economy process applied to olive processing.    

In addition, the use of water alone as a solvent makes the extraction and purification method described ecologically and 

economically sustainable, since the industrial processes are usually based on methods of purification via extraction with 

organic solvents. Moreover, the use of a by-product for obtaining differentiated and refined marketable fractions overcomes 

many of the ecological and economic problems associated with the disposal of production waste. 

Eco-innovation of the process, economic advantages with a reduction of waste, and water and energy consumption are the 

main positive features of this circular economy model. Market analyses have highlighted how polyphenols will be much 

more in demand, especially these types of products extracted by means of mild and sustainable processing from traceable 

natural sources. 

The optimisation of the productive process that uses sustainable technologies to obtain standardized and stabilized fractions 

with higher concentrations of biologically active molecules, will allow for gaining new and increasing market shares, since  

these biomolecules are suitable for innovative uses in many sectors, such as agronomy, textile/dyeing, cosmetics, foods and 

phytotherapy. In addition they all demand increasingly higher value added products, which also are environmentally 

friendly. In this sense it should be stressed that bioenergy, especially from residues, is expected to play a significant role in 

the medium term according to the Impact Assessment of the 2030 Climate and Energy Framework. In addition, it could 

provide a feasible option for economic growth and higher land productivity, particularly in rural areas, which have been left 

behind. Hence, planning the implementation of agro-energy districts in the Italian territory, in accordance with the size of the 

provincial or regional areas, as designed in this paper, could enhance the collection and transport phases, reducing the 

biomass costs and revitalising the rural areas as well. Many similar platforms could also be planned and located in the 

regional territory in order to address the issue of the disposal of these by-products as one of the most important 

agroindustrial productions, as well as developing many small and medium-sized integrated systems to convert agricultural 

activities into agro-energy districts based on a circular economy model. 

In this sense, it should be highlighted that systemic change and innovation have to be developed in technology, 

organisations, society, economic and financial methods, as well as policies involving all levels of governance (business, 

consumer organisations, non-governmental organisations, trade unions, research institutions and other stakeholders). The 

circular economy may thus create new markets responding to the shift in consumption patterns away from traditional 

ownership towards using, reusing and sharing products, and contributing to more and better employment. These changing 

social attitudes directed towards sustainable waste management are among the main reasons underlying the implementation 

of policies based on the circular economy model. 
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