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Abstract

:

High industrial development, new consumption habits, and population growth have led to a discussion, in the various sectors of society, about resource scarcity, pollutant emissions, and waste generation. As a result, and in opposition to the linear economic model in which products are eliminated after production and consumption, a new business model emerged, called the “The Circular Economy”. This model is based on reuse, recovery, recycling, and repairing during the design and use cycle of a product. This research intends to make a study of the circular economy in the pulp and paper industries of Portugal and Spain. This sector was chosen because, in addition to representing about 2.5% of Portugal’s industrial production, it has made significant efforts to promote environmentally sustainable development. Therefore, this research intends to present the situation of the pulp and paper sector within the circular economy, making an Iberian comparison between the years 2011 and 2015. This comparison is made through the development of a comparative index based on the results of some environmental indicators. According to the research carried out, the pulp and paper sector in Portugal was about 26% higher in the implementation of the circular economy than the same sector in Spain in 2015, with the peculiarity that this difference has been decreasing in the last five years.
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1. Introduction


High industrial development, new consumption habits associated with population growth, and the consequent growth of the industrial sector have led to a discussion [1] in several segments of society. This discussion addresses topics concerning resource scarcity, an increase in greenhouse gas emissions, and waste generation. Despite the efforts to promote recycling and the measures aimed at reducing the need for resource extraction, consumer goods continue to follow a linear logic: They are not reused and are often disposed in landfills after usage. These factors have led to increased resource consumption, greenhouse gas emissions, liquid effluent rejection, and overuse of space to end-of-life products. In this context, the concept of the “circular economy” emerged [2,3,4].



The circular economy is a model that aims to rethink the economic practices of today’s society [5]. Based on the principle of “closing the life cycle” of products, it aims to ensure resource efficiency and minimize the amount of unwanted emissions and waste [6]. It also promotes relationships between companies so that one can use the waste of another as a by-product in its production process [7].



In order to promote the circular economy, the European Union, in its communication Closing the loop—An EU action plan for the Circular Economy, has precise strategies and policies, both in the area of consumption and in residual management, highlighting the existing possibility of using waste as raw material in the same or in other production processes [8]. In the context of these policies, the consumption of raw materials and the production of waste have been gaining importance in the last decades, even being one of the priority areas of the European Union [9]. Portugal, within the European Union and its policies, has developed a plan—the National Waste Management Plan (NWMP)—implemented by the Portuguese Environmental Agency (APA). In this sense, since the main objective of the NWMP is environmentally sustainable development, it becomes important to characterize and study the circular economy implementation in the Portuguese industrial area, and compare it with similar industries in European countries. This is the focus of the present research. The Portuguese pulp and paper sector, which also comprises the cardboard industry, accounts for around 2.5% of the national industrial production, 4.6% of tradable goods exportation with high national added value, and 1.2% of employment in the Portuguese economy [10]. Therefore, this is the research field that this paper intends to focus on.



The main objective of this research is to develop a comparative index to support a cross-country analysis of the circular economy implementation in the pulp and paper industries of Portugal and Spain. To this end, the pulp and paper industries’ environmental and production variables will be used to evaluate the industries, considering several categories. Based on the conclusions drawn from the comparative index value, this paper aims to conclude about the implementation of the circular economy in both countries.



This article follows the following structure: The first introductory section, where the aim of the study is presented, contains relevant information about the topic under study. In Section 2, the state of the art about the circular economy concept, practices for its implementation, and indicators used in the evaluation of the circular economy concept are addressed. Next, in Section 3, the pulp and paper industries of Portugal and Spain are presented. Furthermore, the development of a comparative indicator, as well as the data collection, is presented in this section. The results related to the environmental indicators are presented in Section 4. In this section, the comparative analysis method is also used to compare the implementation of the circular economy in the sectors in two groups of Pulp and Paper companies. Simultaneously, an analysis is performed on the results obtained. Section 5 presents general conclusions about the research.




2. State of the Art


2.1. The History and the Concept of Circular Economy


Currently, the demand for products and services, and the need for resources to produce them, has increased to levels never verified before. This scenario contributes to the growth of waste production and environmental pollution [3]. This growth causes an increase in global temperature due to the emission of gases into the atmosphere [11]. This context is also conducive to economic uncertainties [12], and since the use of natural resources for production processes is always necessary, they remain limited [3].



The concept of circular economy—which has been defined and improved by different schools of thought—is not new and has already been developed in many countries over time. It has several origins and cannot be associated with a single date or author [13]. It began with practical applications for industrial processes that were developed in the late 1970s as a result of studies led by a large number of academics, thinkers, and entrepreneurs [6].



In 1982, Stahel, an architect and economist who founded the “cradle-to-cradle” (C2C) and founded the Product Life Institute in Geneva in 1970, wrote a scientific paper entitled “The product life factor”, which addresses the product life cycle and its extent—the “performance economy”—that is a crucial point in creating a sustainable society, based on resources that are finite on the planet. German chemist Michael Braungart, along with American architect Bill McDonough, continued to develop the concept and process of certification C2C, the precursor of the circular economy [6]. This concept is based on three fundamental principles: Elimination of the waste concept, use of renewable energies (mainly solar energy), and water use management that promotes healthy ecosystems and respects local impacts [6].



In contrast to the linear economy, which is a business model characterized by “extraction–use–deposition” [6], the circular economy has gained new importance [14]. The basis of the concept of circular economy is the creation of a green economy, which is in accordance with the principle of the “3 R’s”: Reduce, which supposes to reduce the number of substances, both in the extraction (as in the production) and the consumption; reuse; and recycle [15]. Although it includes the concept of the 3 R’s, the circular economy aims to create other conditions so that resources and energy flow in a circular way, maximizing the efficient use of natural resources and minimizing the deposition of waste in landfills. An example is eco-design, in which products are designed so that they can be reused, thus reducing the need to extract new natural resources at the beginning of the production process [1].




2.2. Practices for Implementation of Circular Economy—Applications in Industry


In economic systems, using the circular economy model would guarantee well-established competition [16], bringing benefits at the micro and macroeconomic levels, stimulating the growth of new business models and, consequently, job creation [6].



For the implementation of circular economy, efforts are required at three different levels: The micro (single entity), meso (association of entities), and macro (city, region, and country) levels [17,18]. It can also be applied in three main areas: Production, consumption, and waste management. It is worthwhile to say that it is very present in the area of industrial production.



The implementation of the circular economy in industrial production is inherently related to the concept of “industrial ecology”. In contrast to traditional industry, industrial ecology relies on the concepts of “eco-efficiency” in the industry and “industrial symbiosis”. Industrial symbiosis is a concept that promotes the business model in circles, based on “extraction–consumption–raw material” [19,20]. Industrial symbiosis creates closed-loop processes in which waste is seen as an input byproduct and not as an undesirable residue [20].



Industrial ecology seeks to “imitate” nature and focuses on one of the basic principles of circular economics, which is bio-mimetics. Bio-mimetics consists of the creation of cycles of materials and energy, with the principle of the use of renewable resources and energy [21]. In this way, the concepts of circular economy and “industrial ecology” are strongly related [19].



2.2.1. Eco-Efficiency


According to the World Business Council for Sustainable Development (WBCSD), eco-efficiency is “a management philosophy that encourages the business world to seek environmental improvements that enhance, in parallel, economic benefits. It focuses on business opportunities and enables companies to become more environmentally responsible and more profitable. It encourages innovation and, therefore, growth and competitiveness” [22].



Although it is not directly related to the fundamental concept of circular economy, eco-efficiency draws attention to multiple objectives of the circular economy, such as reducing resource consumption, reducing energy consumption, reducing emissions of polluting gases and effluents, and reducing waste production. Eco-efficiency is a great step towards the application of industrial ecology and, consequently, to circular economy [23].



There are several calculation methods for the quantification of eco-efficiency [24]. However, in this research, and since economic variables are the predominant form of environmental data exposure, eco-efficiency can be calculated according to a company’s sustainability reports, by the ratio of an environmental variable to an economic variable [25,26]. Therefore, Equation (1) is used to calculate the eco-efficiency indicators in this research.


Quantification of Eco-efficiency=Environmental VariableEconomic Variable (Production)



(1)








2.2.2. Industrial Symbiosis


With the emergence of industrial ecology, the study and promotion of industrial symbiosis have been developed [27]. The concept of industrial symbiosis is based on the relationships of biology. In this context, the term “symbiosis” refers to the exchange of materials and energy in a collectively beneficial way between two species. Within this line, the term “industrial symbiosis” aims at the exchange needs between industries, with the objective of achieving competitive and environmental advantages. Making this analogy, three types of transactions may occur in an industrial symbiosis relationship [28]:

	
Sharing of infrastructures;



	
Sharing common service needs;



	
By-product exchanges, where one industry uses the waste of another company as raw material.








Equation (2) was proposed to evaluate the implementation of industrial symbiosis (IIS) [29].


ISS=RIC1+OIQ



(2)







RIC—Rolling impact quantity (e.g., amount of waste exchanged in symbiosis);



OIQ—Output impact quantity (amount of impact that is not exchanged in symbiosis).



For the calculation of rolling impact quantity and output impact quantity an evaluation of four criteria is proposed, composed by legislation, class, use/treatment, and destination of the waste [29]. This evaluation is done following a scale (1, 3, or 5), and the evaluator is invited to assign a weight in each criterion (from 0 to 1), according to the importance given by it.





2.3. Sustainability Indicators in the Evaluation of the Circular Economy


To evaluate the successful implementation of industrial ecology, and consequently, of the circular economy, a system of indicators becomes necessary [30]. These provide guidelines for decision-making and allow us to evaluate the effectiveness of the policies implemented in an entity [18,31,32]. There are already many metrics to study how the circular economy is being implemented and developed. Iacovidou et al. [31] propose four types of metrics: Environmental, economic, social, and technical metrics. Elia et al. [30] consider four categories: Material flow, energy flow, land use and consumption, and other life cycle-based parameters.



Su et al. (2013) [32] disclose two evaluation indicator systems for the circular economy offered by Chinese governmental agencies (Ministry of Environmental Protection and the National Development and Reform Commission). The following dimensions are considered: Resource output rate, resource consumption rate, integrated resource utilization, reduction rate in waste discharge, material reducing and recycling, economic development, pollution control, and administration and management. These dimensions include indicators related to the eco-efficiency assessment, and reuse and industrial symbiosis indicators:

	
Eco-efficiency indicators: These indicators are production-based and are measured by the ratio of an input or output to the production of a given industry. Examples include: “Energy consumption per unit of production in the key industrial sector” and “Water consumption per unit of production value”.



	
Reuse and industrial symbiosis indicators: The reuse indicators are relevant because the better the performance, the less the extraction and use of new fresh inputs. Examples include: “Reuse ratio of industrial water” and “Recycling rate of industrial waste water”.








Since this research is focused on the pulp and paper sector, in this paper we chose the environmental metrics to understand the environmental benefits and impacts of adopting the circular economy model. The environmental variable can be composed by inputs, which are the resources used in the production process, or by outputs, which are the “harmful consequences” that the same process causes in the environment. Environmental metrics can be analyzed by different perspectives. One of the most widely known and used metrics in environmental assessment is related to greenhouse gas emissions (CO2, CH4, N2O, etc.). In addition, for assessing the environmental impact of various pollutants, there is a combined single metric called “pollutant emissions metric”. The resource depletion metric includes the consumption of resources, such as primary energy consumption, specific energy consumption, and renewable energy generation, among others. However, the depletion of resources other than energy-based ones is also very important to analyze, such as: Water consumption or water lost through waste treatment, or disposal or specific material consumption. Non-energy raw materials are essential inputs to all industries. The amount of raw materials used to produce a product is of growing importance due to pressures related to their future availability [31].





3. Materials and Methods


3.1. The Pulp and Paper Industry in Portugal


The group of entities related to the production of pulp for paper and different types of paper is called the “paper industry” or “pulp and paper” sector. This activity extends to almost the entire life cycle of paper products, from the production of raw materials (forest production) to the treatment of end-of-life products, through the recycling or energy recovery of waste.



CELPA—Associação da Indústria Papeleira—represents the largest private owners and managers of the Portuguese forest, and the producers of 100% of the national production of virgin fiber pulp and 90% of the national production of paper and paperboard (CELPA, 2015). In national terms, CELPA members export to more than 140 countries, representing 4.6% of the total Portuguese exports of goods.



In addition to the theme of waste being fundamental to the application of the concept of circular economy, it is a cross-cutting theme that affects all industrial sectors, and the paper industry is no exception. Increasingly, there is an attempt to adopt a sustainable and balanced waste management, opting for the principles of waste minimization, creating good conditions for their selective collection, and always favoring the techniques of valorization to avoid landfill and other disposal methods, in order to protect the various natural resources. The successive improvement in the environmental performance of the paper sector is due to an intense investment program, started more than 20 years ago as a result of the environmental protection policy of this sector.



The production of solid waste, resulting from the industrial processes, is directly related to the production pattern of pulp and paper. Furthermore, other types of waste are produced, such as those resulting from the demolition and construction of buildings which, due to their occasional nature, have significant annual variations. These residues can be processual and non-processual. Processual waste results directly from the production of pulp and paper, and is considered specific to this activity. It is important to note that all the process waste that is produced in the paper industry is considered to be non-hazardous.



Waste is treated in different ways and can be disposed of or valorized. However, for waste to be valorized by other industries, it is necessary to classify these substances as a by-product. “By-product” means substances or objects that result from a production process in which the main objective is not its production (production residue). Those substances or objects can be directly used, without being processed (other than the normal industrial practice), in other applications and industries [33].



The associated companies of CELPA have worked, at technical and scientific levels, in the identification and development of solutions to promote the classification of processual residues as by-products for their use as raw materials in other production processes. The use of residues as by-products from the pulp and paper industry is the subject of rigorous studies and laboratory tests to demonstrate that they can be used in other products/markets.



To develop the present research, data was collected from primary sources through unstructured interviews with members of CELPA, with the purpose of knowing the characteristics of the pulp and paper industry. Additionally, interviews were done with two experts from CELPA in order to select the indicators and validate the results. Secondary data was collected from the statistical bulletin of ASPAPEL—Asociacón Española de fabricantes de pasta, papel y carton [34] —for the calculation of the indicators that characterize the circular economy in Spain. These data can be accessed through its website. For Portugal, the data used was taken and made available by CELPA and its statistical bulletin. The data available is relevant to the period between 2011 and 2015 and, as such, the calculation of indicators is relative to this period.




3.2. Comparative Indicator Developement


To develop a comparative index to assess the circular economy implementation in the pulp and paper industry, the following steps were made:

	
Step 1—Selection of eco-efficiency, and reuse and industrial symbiosis indicators. To assure that the indicators selected were related with the pulp and paper industry, the dimensions and environmental indicators proposed by Su et al. [32] were analyzed and discussed with experts from CELPA. Then, the availability or not of data for a particular indicator was considered to select the final set of indicators.



	
Step 2—Computing the indicator values. Secondary data was used to compute the indicators. As the indicators had different units, subsequently, it became necessary to normalize them, that is, to size all categories of indicators so that their values were between 0 and 1. Standardization was achieved by grouping the results of the same category indicators’, and each result was divided by the highest value of the indicator of the same category. The normalized indicator of value 1 represent the worst result, and value 0 represent the best value.



	
Step 3—Computing the comparative index. The comparative index is a function of all the indicators selected in step 1. To combine the different indicator’s values, they were combined in a radar chart graph (or spider diagram). Then, the comparative index is a function of the polygon area generated in the graph formed by the different categories of indicators that compose it.








This method allowed us to overcome difficulties in analyzing different indicators—calculated by the ratio between environmental and economic variables (e.g., produced tones and financial results)—that when presented in isolation are not sufficient to make a rapid and intuitive comparison about the environmental performance between sectors. The radar chart consists of a polygon whose vertices are the different categories of indicators that compose it. The radar chart has equidistant axes in the same center, so that they all have the same angle. The adjacent axes of the graph along with the line formed by the distance of two points form triangles of at least one known angle. The advantages of using the radar chart as a performance comparison tool are visual explanations about the level of performance achieved, supporting a quick comparison of attributes [35,36].



The radar chart is already being used to compare the relative performance of companies considering a set of sustainability indicators [37]. The use of a radar chart (or spider diagram) allows us to compare the Portuguese and Spanish pulp and paper industries because the polygon area gives a proxy of the level of implementation of the circular economy within the industry in each country. Finally, a comparative index is computed, consisting of the ratio of the areas of the graphs, which represent the set of industries to be compared.



For the generation of the comparative index (IC), the procedure used is the calculation of the area of the polygon [38]. For this, it is necessary to calculate the area of all triangles formed in the radar chart and proceed with their sum. After calculating the area of each triangle, and after adding the areas of all triangles that form the polygon, it is possible to calculate the composite index of the circular economy implementation. This index is intended to compare, quantitatively, the performance of two groups within the same category of indicators. In this case, the larger the area of the polygon in comparison to another, the less the implementation of the circular economy of one sector in relation to another. This quantification, as presented in Equation (3), is given as a percentage.


IC=(1−ATAT1)×100



(3)







AT—represents the total area that is occupied by the polygon;



AT1—represents the total area that is occupied by the largest polygon (worst result).



The comparative index values are on a scale of 0% to 100%, where 0% means that the two groups have the same overall performance (that is, both groups have the same polygon area), 50% means that the best performer group presents two-times better circular economy implementation than the one registered in the worst group, and 100% means that one of the groups presents the maximum performance possible for all the indicators (this is, a value of 0 for the polygon area).




3.3. Data Collection


The inputs (“resource utilization”) and outputs (“pollution impact”) typical of the pulp and paper industry which will be used to calculate the indicators are described in Table 1. Since these two categories intend to measure the resource efficiency and control the emissions of undesirable substances, the lower this indicator, the better the performance of the same. Table 2 lists the indicators that will be calculated, according to the resources that are typically reused in the paper industry: Water reuse and the use of biofuels. The industrial symbiosis indicator is calculated according to Equation (2), previously presented in Section 2.2.2, considering the total of the produced waste and the sum of by-products used for energy valorization in other industries.



The specific secondary data that were used to calculate the indicators are presented in Table 3.





4. Results


4.1. Results of Eco-Efficiency Indicators


In the pulp and paper industry, the eco-efficiency assessment involves the quantification of the following categories of indicators: Wood utilization, energy consumption, inefficiency of water usage, CO2 emissions, and solid waste depositions in landfill. Since these indicators show the resources’ efficiencies and control undesirable substances’ emissions, the lower the indicator, the better the performance of the indicator.



4.1.1. Wood Consumption Indicator


The wood consumption indicator indicates the consumed wood per ton of produced pulp. The results for this indicator for the two groups of pulp and paper companies are shown in Figure 1. From Figure 1, through the calculation of the averages of the five years, it can be concluded that the specific consumption of wood is 2% higher in Portugal than in the same sector in Spain. From this value, it is concluded that there are no significant differences in the specific use of wood between the two countries.



Although we do not know the details of the different technologies used in the two groups of pulp and paper companies, there are conditions/procedures during the pulp manufacturing process that may affect the efficiency of the wood utilization. These procedures include the density of wood, species of wood used, moisture present in the wood, process losses, wood shattering, and/or wood yield in the baking and bleaching process. Through the period that was studied, the variations in the wood utilization for the two groups of pulp and paper companies may have been due to the need to use imported wood (outside the Iberian Peninsula).




4.1.2. Energy Consumption Indicator


The energy consumption indicator gives information about the electric energy consumed per ton of pulp and paper. The values of this indicator for the two groups of pulp and paper companies are shown in Figure 2.



From the values shown in Figure 2, it is possible to verify that there is a downward tendency of about 7.5% in the specific consumption of energy in the sector in Portugal, and constant consumption of energy in the sector in Spain. After calculating the average of the years under study, it is also possible to verify that the indicator of energy consumption of the sector in Spain is higher than the one registered in Portugal by about 11.3%.



Although there are no details about the techniques used in the two groups of pulp and paper companies, there are procedures during the pulp and paper manufacturing process that may affect its energy efficiency. For example [12]: Energy efficiency levels of the pulp and paper production equipment/machines, paper and cardboard manufacturing process, level of use of systems driven by electric motors, efficiency in the production of heat and cooling, and/or level of efficiency in the industrial process.




4.1.3. Inefficiency of Water Usage Indicator


The inefficiency of water usage indicator reports the amount of liquid effluents that are discarded per ton of pulp and paper. To calculate this indicator, the ratio between liquid effluent rejection and total production of pulp and paper is calculated.



Since this study aims to make a comparison between countries in the same sector, a calculation method based on the following assumptions was used to calculate the indicator for the liquid effluent rejection in the pulp and paper sector in Spain:

	
Due to its nature, pulp production uses more fresh water on a specific consumption basis than paper production. This leads to a greater liquid effluents flow than paper production;



	
The sector in Portugal produces more pulp in relation to the total production than the sector in Spain;



	
The comparison should be fair, so based on the two previous assumptions, data indicating the consumption of pulp and paper should be used in a discriminatory manner, if they are available;



	
It was not possible to find separate data for specific effluent flows from the pulp and paper sector in Portugal;



	
The sector in Spain has discriminated data for the pulp and paper production.








Following this logic, the liquid effluent rejection indicator for the period under study was calculated as follows in Equation (4):

	
The specific rejections of liquid effluents from the sector’s pulp and paper productions in Spain were multiplied by the respective pulp and paper productions in Portugal. In this way, it is possible to calculate the aggregate rejection of liquid effluents (considering that the sector in Spain had the same production levels as in Portugal).



	
The result was divided by the total production of the sector in Portugal.


IELSE=REPulpSE×PPulpSP+REPapSE×PPaperSPPTotalSP



(4)












IELSE—Liquid effluent rejection indicator of the sector in Spain;



REPulpSE—Liquid effluent rejection in the sector in Spain, related to the pulp production per ton of produced pulp (m3/Ton);



PPulpSP—Pulp production in the sector in Portugal;



REPaperSE—Liquid effluent rejection in the sector in Spain, related to the paper production per ton of produced pulp (m3/Ton);



PPaperSP—Paper production in the sector in Portugal;



PTotalSP—Total production in the pulp and paper sector in Portugal.



In this way, it is possible to compare the pulp and paper sectors in the two groups of pulp and paper companies at an aggregate level in a more equitable way. The results of the indicator in Portugal and Spain for the different years are presented in Figure 3.



Based on the calculations, from the data shown in Figure 3, it can be concluded that with the specific individual consumption data per specific type of product, in the sector in Spain, if this same sector produced the same amounts of those different products, it would be about 17% less efficient in the water usage in their process than the sector in Portugal.



Although there is no information about the techniques used in both countries, these discrepancies may be due to [12]: Efficiency in industrial operations, efficiency of pulp washing, type of pulp bleaching, type of wood cooking, separation level of water circuits, pulp washing techniques, and/or level of monitoring of water spills.




4.1.4. CO2 Emissions Indicator


The CO2 Emission indicator assesses the emission of CO2 gases that are emitted per ton of produced pulp and paper. The calculation of this indicator is made through the ratio between CO2 emissions and total production of pulp and paper. The results for both countries are shown in Figure 4.



After calculations from the data presented in Figure 4, it is possible to conclude that there was a constant performance in Portugal, and a decrease of 36% in CO2 emissions in Spain, in the period of study. However, on average, the specific emissions of CO2 in the sector in Spain are 16.8% higher than those registered in the sector in Portugal. Since most of the emissions are due to the burning of fossil fuels for energy production, these results could come from the Spanish sector’s strategy for its energy self-sufficiency.



Although there is no information about the techniques used in both countries, the causes of the differences in values may be in [12]: Practices for the use of clean energy, level of control of the emissions from biomass combustion and fossil fuels, optimization of combustion, level of gas incineration practices, and/or level of gas washing practices.




4.1.5. Solid Waste Deposition on Landfill Indicator


The solid waste disposal on landfill indicator gives information about wastes that are produced and deposited in landfills per ton of produced pulp and paper. The calculation of this indicator is made through the ratio between the total deposition of waste in landfill and the total production of pulp and paper. The results are shown in Figure 5.



From the values presented in Figure 5, it is possible to calculate a decrease of of approximately 45.8% and 29.4% in the deposition of solid residues in landfill for the Portuguese and Spanish pulp and paper companies, respectively. However, on average for the five years, it is estimated that the sector in Portugal had a solid waste deposition in landfill of about 49.5% lower than the one registered in the sector in Spain.



Although there is no information about the techniques used in the two groups of pulp and paper companies, the differences in results in both countries may have the following causes [12]: Level of implementation of industrial symbiosis, solid waste destination, level of waste assessment, waste assessment systems, and/or type of waste pretreatment prior to the reuse.





4.2. Results of Reuse and Industrial Symbiosis Indicators


Since reuse and industrial symbiosis indicators quantify the reuse of resources and not their use, these indicators have a different function from the production-based indicators. Reuse and industrial symbiosis indicators also differ in the evaluation of results, since for these, the greater the percentage obtained by the ratio between a reused resource and the total resource used, the better the environmental performance of the resource. To evaluate reuse in the pulp and paper sector, the following indicators were used: Reuse of water, use of biofuels, and industrial symbiosis.



4.2.1. Water Reuse Indicator


To calculate the water reuse indicator, the ratio between the water that is rejected in the pulp, paper, and cardboard (or liquid effluent) production processes and the total volume of water that is collected is calculated. The results of the indicator are shown in Figure 6.



From Figure 6, it is possible to conclude that there is a constant trend in the water reuse numbers in both the Portuguese and Spanish sectors. There is one exception in the year 2015, where it is possible to observe a marked decrease in both countries. It is also possible to conclude, after the respective calculations, that the sector in Spain reuses an average of 2.66 percentage points more water than that which is reused in the sector in Portugal.



Although there is no information about the techniques used in the two groups of pulp and paper companies, differences in the results could have the following causes [12]: Monitoring of water waste, level of water recirculation, water use efficiency level, liquid effluent treatment level, and reusable water levels in the industry.




4.2.2. Use of Biofuels Indicator


The paper industry uses biofuels, such as residual biomass from forest exploitation and black liquor, in great amounts for energy production. For the sector in Portugal, these indicators were provided directly by CELPA. In the case of Spain, these data were taken directly from the statistical bulletin ASPAPEL. The results from this indicator are presented in Figure 7.



As Figure 7 shows, the biofuel utilization value of the sector in Portugal is considerably higher than in Spain, and there is a difference that exceeds 40 percentage points in some years. It is also possible to verify that the use of biofuels is constant in the sector in Portugal, and the existence of a tendency to decrease in the use of biofuels in the sector in Spain.



These results may be due to the strategy used in the sector in Spain, such as less biomass-based energy and production, more cogeneration plants supplied with natural gas, or more fuel-based boilers. The latter can be motivated by economic causes or by the lack of infrastructure that allows for greater use of biomass for energy production.




4.2.3. Industrial Symbiosis Indicator


Data regarding waste which is used in industrial symbiosis is calculated by the sum of the waste and by-products used for energy valorization for other industries, like the ones that are used in the ceramic and cement industry, as well as those used as secondary raw materials for other industries. The calculation of this indicator is made according to Equation (2).



The values for this indicator are shown for both countries in Figure 8. From this figure, it can be concluded that for the sector in Portugal, the year 2015 was the year in which there was a lower symbiotic relationship, in contrast to the year 2014 that had the best result in the period between 2011 and 2015.





4.3. Results from the Comparative Analysis of the Circular Economy


Through the elaboration of a radar chart (or spider diagram) for each of the years studied, it was possible to analyze the indicators. After calculating the areas of the indicators, the two sets of companies were compared by calculating the comparative index. These results serve as an analysis of the evolution of the circular economy implementation for the years between 2011 and 2015.



In the five years studied, when comparing to the environmental variables of the sector in Spain, the sector in Portugal stood out in the categories of: Electricity consumption, liquid effluent rejection, CO2 emissions, the use of biofuels, landfill, and industrial symbiosis. The sector in Spain had a better environmental performance in the categories of indicators related to the use of wood and water reuse.



As previously shown in Section 3.2, it is necessary to convert the indicated values to normalized values. In the case of indicators whose base is production, the normalization method is to make the ratio between each result by the less favorable value of the respective category. In this way, the smaller the area of the radar chart, the better the eco-efficiency of the sector. In order to normalize the values of the reuse and symbiosis indicators, it is necessary to divide the less favorable value by indicators of the respective category. After normalization, the set of categories of indicators presented is collected in a radar chart.



Figure 9 shows the radar chart corresponding to the last year under study, 2015. The value of the comparative index is 26.16%. Since this result represents the proxy for the level of implementation of the circular economy from one country to another, it is possible to conclude that the sector in Portugal has a 26.16% better implementation than the one registered in Spain.



Figure 10 presents the areas of the polygons that represent the implementation of the circular economy in the years under study.



The comparative index, calculated by the ratio between the areas of the polygons of the respective countries, is also represented. Based on Figure 10, it can be concluded that the area of the polygon representative of the implementation of the sector’s circular economy in Portugal is smaller than the representative polygon of the sector in Spain during the studied period. Thus, and as can be seen from the comparative index, the pulp and paper sector in Portugal has a higher implementation of the circular economy procedures when compared with Spain.



However, in spite of the successive positive results of the sector in Portugal, in relation to the sector in Spain, in the year of 2015, there was a decrease in the comparative index. Several reasons could be behind this result. However, in part, this could be explained by the implementation of the circular economy in the sector in Spain [38,39].





5. Conclusions


This research allowed us to identify, calculate, and analyze the evolution of the circular economy and eco-efficiency implementation in the pulp and paper sectors in the Iberian Peninsula between 2011 and 2015. This analysis was possible through the calculation of specific indicators of the sector under study, such as: Wood consumption, electric energy consumption, CO2 emissions, inefficiency of water usage, waste disposal in landfill, biofuel use, water reuse, and industrial symbiosis. From these, it was found that the sector in Portugal consumed 11.3% less electricity, on average, in the period under study; was 17.3% more efficient in water usage; emitted 16.8% less CO2; used 37.7 percentage points more of biofuels; sent 49.5% less waste to landfill; and has a 19.13% higher implementation of industrial symbiosis than the sector in Spain. It was also possible to conclude that the sector in Spain uses 2% less wood than the sector in Portugal, and reuses 2.7 percentage points more water than the sector in Portugal.



Radar charts representing the circular economy in the pulp and paper sectors were created for Portugal and Spain. From these results, it was possible to conclude that, through the calculation of the comparative index, the sector in Portugal had an implementation of the circular economy 34.98%, 45.89%, 34.65%, 39.13%, and 26.21% higher than the sector in Spain in the years between 2011 and 2015, respectively.



It is very important to emphasize that the most important and valuable contribution of this paper is to explain and deliver a methodology to evaluate and eventually compare the eco-efficiency performances and the degrees of circular economy implementation of an industry. The practical example used (the analysis and comparison of a group of industrial Iberian companies belonging to the pulp and paper industry) needs to be seen as an exercise to demonstrate the utilization of the method. The sectors in both countries are very different, with Portugal showing a very strong and huge capacity for pulp production as well as uncoated fine paper production (Office and Offset Paper), while in Spain, the packaging paper based on secondary (recycled) fiber is of paramount importance. These substantial differences might justify some of the obtained figures.



As a suggestion for future research, it is recommended to apply the comparative index developed in the present research by extending the study to the European pulp and paper industries, particularly in the Nordic countries. In these countries, the circular economy is in great development and under constant improvement. The comparison with these countries would be beneficial in understanding the position of Portugal in relation to an industry that is leading the way in the application of the circular economy. Another potential study could be addressing the socio-economic dimensions of the circularity of this sector, and making an association between the economic and social attributes with the proposed environmental sustainability indicators.
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Figure 1. Wood consumption indicators for the pulp and paper sectors in Portugal and Spain. 
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Figure 2. Energy consumption indicators for the pulp and paper sectors in Portugal and Spain. 
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Figure 3. Inefficiency of water usage for the pulp and paper sectors in Portugal and Spain. 
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Figure 4. CO2 emissions indicators for the pulp and paper sectors in Portugal and Spain. 






Figure 4. CO2 emissions indicators for the pulp and paper sectors in Portugal and Spain.



[image: Sustainability 11 01722 g004]







[image: Sustainability 11 01722 g005 550]





Figure 5. Solid wastes disposal indicators for the pulp and paper sectors in Portugal and Spain. 
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Figure 6. Water reuse indicators for the pulp and paper sectors in Portugal and Spain. 
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Figure 7. Use of biofuels indicators for the pulp and paper sectors in Portugal and Spain. 
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Figure 8. Industrial symbiosis indicators for the pulp and paper sectors in Portugal and Spain. 
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Figure 9. Circular economy representation in the pulp and paper industries in Portugal and Spain in 2015. 
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Figure 10. Comparative indexes for the sectors in Portugal and Spain in the years under study (2011–2015). 
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Table 1. Proposed eco-efficiency indicators of inputs and outputs [32,39].
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Category

	
Environmental Variable

	
Economic Variable

	
Indicator

	
Units






	
Resource utilization

	
Wood consumption

	
Pulp production

	
Wood consumption per ton of produced pulp

	
m3/Ton




	
Energy consumption

	
Pulp and paper production

	
Energy consumption per ton of produced pulp and paper

	
GJ/Ton




	
Pollution control

	
CO2 Emission

	
Pulp and paper production

	
CO2 emissions per ton of produced pulp and paper

	
Ton/Ton




	
Inefficiency of water usage

	
Pulp and paper production

	
Residual water rejection per ton of produced pulp and paper

	
m3/Ton




	
Waste disposal in landfill

	
Pulp and paper production

	
Waste disposal in landfill per ton of produced pulp and paper

	
kg/Ton
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Table 2. Proposed reuse indicators [32,39].
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Category

	
Environmental Variable

	
Indicator

	
Units






	
Resource utilization/Reuse

	
Water

	
Water reuse rate

	
%




	
Wood/Energy

	
Use of biofuels rate

	
%
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Table 3. Secondary specific data used to calculate the sustainability indicators.
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	Indicator
	Specific Data





	Wood consumption
	- Total of wood consumption

- Pulp production



	Energy consumption
	- Total of electric power consumption

- Total production of pulp and paper



	Inefficiency of water usage
	- Liquid effluents rejection

- Total production of pulp and paper



	CO2 Emissions
	- CO2 Emissions

- Total production of pulp and paper



	Solid waste deposition in landfill
	- Solid waste deposition in landfill

- Total production of pulp and paper



	Water reuse
	- Total water captation

- Total production of pulp and paper



	Industrial symbiosis
	- Solid waste destination

- Total waste production
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