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Abstract: This paper reports a study on the cleaner production program developed in 

the plastic industry in São Paulo - Brazil. An evaluation model was developed, using as 

reference the existing literature on business models and process management, as well as 

excellence models adopted by national quality awards from different countries. The 

model was applied for in-depth multiple case study in eight plastic companies to 

validate the importance of management processes in the implementation of cleaner 

production programs and to observe the results obtained with the cleaner production 

initiatives. The research has identified two companies with more than 92% compliance 

to the model which reached important environmental results in the last three years. The 

results are supplemented with the use of external performance indicators (material 

intensity, water and carbon footprint savings) to show that little changes inside the 

companies can reduce upstream impacts and bring greater benefits to the environment. 

Keywords: Cleaner production, Environmental indicators, Management processes, 

Management quality, Plastic industry. 

1 Introduction  

Stone [1] explains that the most common types of changes that are demonstrated by 

cleaner production case studies are technical, but these types of changes is unlikely to be 

enough by itself to bring about cleaner production in organizations. This is because of the 

human dimensions of organizational change. Taylor [2] recommends the use of tools for 

behavior change in the context of removing the identified barriers. These change tools 

could be: obtaining introductory commitments prior to larger requests; providing reminder 

prompts in appropriate locations; development of community social norms (peer pressure); 

credible and appropriate communication; and providing incentives. 

Vendrametto et al [3] conclude that it is better to use a combination of strategies, as well 

as awareness speeches, technical training and presentation of success cases to disseminate 

new approaches in the industrial sector, but initiatives to implement cleaner production 

opportunities were more effective in companies that had tried other methods to improve 

production processes, such as Lean Manufacturing and Total Quality Management. These 

organizations primarily seek to structure their management process as a way to make the 

initiatives solid and permanent. This is part of the absorptive capacity created with the 

former experience. 

Taking into account these statements and experiences of experts, it is possible to assume 

that the presence of principles and concepts of cleaner production embedded in the 

management processes of the business is essential for effective implementation of projects 

to improve the products and operational processes (value chain), allowing them to achieve 

positive and lasting environmental results. This initiative requires an action that 

complements the technical knowledge and incorporates cleaner production concepts and 

principles into the management processes of companies to get permanent improvements in 

efficiency of production processes, minimize environmental impacts and increase 

performance indicators results. 

The plastic industry brought the interest in analyzing the effectiveness of recent cleaner 

production initiatives implemented in the sector. The study began with the development of 



a model for evaluating the incorporation of cleaner production principles in the 

management processes of companies. The model was created using as reference the 

existing literature on business models and process management, as well as excellence 

models adopted by national quality awards from different countries. After that it was 

applied during multiple case study, a qualitative research to bring a deeper knowledge on 

key management processes to achieve positive and lasting results. 

Two of the eight companies participating in the research were identified by the 

assessment model as having management processes with structured principles of cleaner 

production. Over the last three years consistent results were observed in internal 

environmental indicators such as reduction in consumption of fossil materials, water and 

electricity. These results were supplemented with calculations of external performance 

indicators (material intensity, water and carbon footprint savings), allowing to understand 

the consumption decreases from the nature perspective and showing that even small 

internal changes to the company can bring big benefits to the environment and society that 

would not be perceived with restricted use of internal indicators. 

2 Business Processes and Cleaner Production in Plastic Industry 

2.1 Business processes 

Gonçalves [4] defines process as any activity or set of activities that receive an "input", 

adds value and provides an "output" to a specific customer. He classifies the processes of 

organizations in three categories: Primary Processes; Support Processes; and Business 

Processes. The French standard AFNOR FD X 50-176 [5] recommends the classification of 

business processes in families to facilitate their identification and suggests the following 

grouping: Realization Processes; Supporting Processes; and Management Processes. 

Rummler and Brache [6] subdivide existing activities in any company in three types of 

business processes: primary (processes that belong to the value chain; create products and 

services that meet the customer needs), auxiliary (processes that support primary processes) 

and management (processes that govern the operation of the company). Primary processes 

are concerned to sell, produce, deliver, provide technical assistance, improve and, where 

necessary, discontinue the product. Auxiliary processes are related to buy materials, recruit 

and select staff, maintain the company's equipment in working order, control the resources 

needed to build the product. However, the management processes are related to corporate 

governance, strategy formulation and deployment, goal setting, information management, 

definition of guidelines and organizational procedures, knowledge management and 

customer relationship. The third type of process acquires a prominent position due to 

assume important guidance and coordination with the other two types of processes.  

 
2.2 Cleaner Production in Plastic Industry 

The concept of cleaner production (CP) as the continuous application of an integrated 

preventative environmental strategy to processes, products and services to increase 

efficiency and reduce risks to humans and the environment, was first used in 1989 by the 

United Nations Environment Programme (UNEP) and in recent years has progressively 

being incorporated into the agenda of the business world. The basic CP principle is the 

implementation of advanced processes, technologies and equipment, improvement of 

management and comprehensive utilization of resources to reduce pollution at source, 

enhance the rates of resource utilization efficiency, reduce and/or avoid pollution 

generation and discharge in the course of production, provision of services and product use 

- so as to decrease the high cost generated by company’s waste - and the increasingly scarce 

inputs like water and energy for society as a whole. According to Giannetti et al [7] this 

concept was developed as a further challenge of continuous improvement on leading 

companies, to become an integral part of business. The CP can be applied to processes used 

in any industry, its products and various services provided. It is a broad term that 



encompasses other associated terms such as eco-efficiency, pollution prevention (P2), 

waste minimization and green production. 

The plastic industry is a very important sector of the Brazilian economy, containing 

about twelve thousand companies and contributing significantly to the generation and 

distribution of wealth in the country, and being the third largest employer in the 

manufacturing sector with three hundred and forty eight thousand jobs, produced 6.66 

thousand tons of plastic materials, generating about R$ 54 billion in 2012. Most companies 

in the industry are classified as micro and small enterprises employing less than 100 people 

and are located in the south and southeast regions of the country, which, together, account 

for more than 85% of the total. São Paulo State is the largest plastic manufacturer 

contributing with 45% of plastic industry gross revenues. The publication of the Technical 

Environmental Guide for Plastic Industry – CETESB [8] responds to unanimous global 

diagnosis that path to socioeconomic prosperity necessarily involves the sustained growth 

of industrial activity. This guide is part of the CP series of publications by CETESB which 

contributes to the precepts of sustainable development. In its pages can be found details on 

the practical implementation of cleaner production’s concept specially designed by a group 

of industry experts to disseminate information and provide guidelines for employers and 

employees who work directly or indirectly with the plastic industry, as well as other 

interested parties in understanding the pathways that can lead to environmental 

preservation.  

3 Methodology 

3.1 Literature review and model building 

In order to build a model for assessing environmental results and the introduction of CP 

concepts and principles into structured and standardized management processes, an 

extensive literature review was performed on organizational processes, as well as 

requirements and criteria to evaluate excellence in management processes, particularly 

those adopted in national and international quality awards [9].  

It is amazing the coincidence in the various approaches to business processes found in 

the literature review. While adopting proper terms, the types of processes and their 

meanings are very similar and, according to the subdivision of the business processes 

proposed by these references, management processes are those that ensure the coherence 

and integration of core business and support processes.  

Management processes play a key role in the coordination and guidance of the other two 

types of processes (primary/core and auxiliary/support), and help leaders during decision 

making activities. Their proper structuring is essential for core business and support 

processes carrying out according to the guidelines established by the leadership and to 

measure, monitor and improve the performance of the organization.  

The model with four macro-management processes (a-Governance, leadership and 

planning; b-Market, customer and society relationship; c-People and knowledge 

management; d-Management of core and support processes) and one group of 

environmental indicators was applied during the qualitative research with eight plastic 

companies from São Paulo State Plastic Industry Association (SINDIPLAST) to evaluate 

companies’ environmental performance through the implementation of cleaner production 

opportunities. 

 
3.2 Multiple case study 

According to Leonard-Barton [10], a case study is a history of past or current 

phenomena, drawn from multiple sources of evidence. It can include data from direct 

observation and systematic interviewing, as well as from public and private archives. Yin 

[11] adds that a case study is a complete research strategy which allows questions such as 

‘how’ and ‘why’ to be studied. This strategy is moreover applicable to processes or to 



phenomena which have not yet been studied in depth. The author shows that the 

multiplication of cases is comparable with a multiplication of experiments, but the selection 

of case studies must be based on the principles of literal and theoretical replication. The 

former involves the selection of cases with apparently similar conditions and results; the 

latter requires cases which produce different results for more or less explicable reasons. The 

replication is based on theory and not on the statistical principle of sampling. These 

measures can help to reduce the degree of bias that the researcher is probably undergoing.   

Based on these explanations eight plastic producers accepted to participate in the 

multiple case study to evaluate their management practices and environmental results. The 

form containing 20 statements about management processes and their examples of existing 

management practices, as well as 5 statements about outputs and examples of 

environmental indicators over the past three years was sent to fill.  

In the first stage, all eight firms submitted the answered form and assigned the scores 

they considered appropriate to each of the statements related to existing management 

processes and the results achieved. Then these questionnaires were analyzed by the authors, 

who raised some points to be checked during a field visit.  

To confirm the data previously collected a semi-structured interview was used. 

Managers and supervisors were interviewed to address the questions raised during the 

analysis of the questionnaires. Direct observation occurred during the field visits conducted 

by the authors. This technique was useful for providing additional information about good 

management practices and companies’ results. Internal indicators were analyzed like as 

water consumption (m3 of water / tone of finished product), electric energy consumption 

(MWh / tone of finished product), plastic waste during production process (tone of plastic / 

tone of finished product), and product scrap (tone of product scrap / tone of finished 

product). 

To provide a broader vision of the results presented during the visits, to allow consistent 

evaluation of the benefits achieved from the savings and to compare results from different 

companies, producing distinct products and volumes, three methods were employed: 

Material intensity evaluation, Water footprint and Carbon footprint [12]. 

4 Results and Discussion 

Eight companies were visited to verify if they had structured management processes 
deployed throughout the organization and other stakeholders. The form containing 20 
statements about management processes and examples of existing management practices 
was grouped in 4 categories: a) Governance, Leadership and Planning; b) Society 
Relationship, Market and Customers; c) People and Knowledge Management; d) 
Management of Core Business and Support Processes. It was also possible to verify the 
environmental results obtained in the last three years. The full research form was completed 
by the responsible managers in each company and the answers were used as a guide of 
semi-structured interviews.  

Table 1. Percentages of companies’ compliance with the model. 

 

% of Companies’ Compliance 

 
A B C D E F G H 

a) Governance, Leadership and 
Planning Processes 

84.0 76.0 100.0 100.0 48.0 84.0 100.0 100.0 

b) Society Relationship, Market 
and Customers Processes 

92.0 56.0 92.0 84.0 84.0 92.0 100.0 92.0 

c) People and Knowledge 
Management Processes 

76.0 92.0 84.0 92.0 62.0 92.0 92.0 84.0 

d) Management of Core and 
Support Processes 

100.0 92.0 68.0 100.0 62.0 92.0 100.0 92.0 

Environmental Results 68.0 60.0 76.0 84.0 24.0 68.0 84.0 54.0 

TOTAL COMPLIANCE 84.0 75.2 84.0 92.0 56.0 85.6 95.2 84.4 



Table 1 presents the percentages of the management processes and environmental 
indicators results in compliance with the requirements of the model. As can be seen, 
companies D and G obtained 92.0% and 95.2% of the total compliance with the model, 
demonstrating the existence of structured management processes and sustainable results in 
environmental performance indicators. Companies A, C and F presented recent 
environmental results during the review and still don’t demonstrate positive trends. The 
other three companies could not show historical data to demonstrate indicators evolution 
and this fact is related with some missing management processes like leadership and 
strategic planning, customer relationship, people and knowledge management. 

During the visit companies D and G presented improvement actions taken based on the 
29 cleaner production opportunities proposed in the technical guide [8]. It may be noted 
that these companies had seriously adopted the recommendations of the guide and could 
show consumption reduction results. Table 2 presents major actions implemented by these 
two companies and their positive impact (reductions) on environment.  

 

Table 2. Major cleaner production interventions. 

Cleaner Production 

Interventions (Technical Guide) 

Reduction 

H2O 
Natural 

Resources  

Energy 

Consumption 

Solid 

Waste 

Opp3 - Use of new technologies for energy saving and 

productivity increase 
 X X X 

Opp4 - Optimize the logistics of raw materials and use of more 

economical and returnable packaging 
X X  X 

Opp5 - Reprocessing of no conforming materials   X  X 

Opp6 - Improvement in equipment sizing - Production Planning   X X 

Opp7 – Predictive, preventive and corrective maintenance X X X X 

Opp8 - Continuing education of production workers X X X X 

Opp9 - Efficient Lighting and translucent tiles   X  

Opp 11 - Use of additives in the process water X    

Opp12 - Adoption of efficient cooling towers  X  X  

Opp14 - Use of cooling towers and closed circuit X    

Opp16 - Use of water saving devices X    

Opp19 - Avoid losses due to problems in compressed air piping  X X  

Opp22 - Energy diagnosis   X  

 
Internal indicators - Material and energy savings per tons of finished product (tfp) were 
verified during the visits. The total reduction in water consumption, electric energy 
consumption and plastic material consumption after three years of CP interventions are 
shown in Table 3.  

Table 3. Reductions after three years of CP interventions. 

Total Savings Company D Company G 

Plastic material reduction (kg) 250 400 

Electric energy reduction (kWh) 1,110 2,910 

Water consumption (liter)  70 3,000 

The absolute quantities shown in Table 3 might be, at a first glance, considered small, 
but reductions in the consumption of material and energy brought significant advantages to 
the company. The consumption decrease was due to the implementation of some 
improvement opportunities presented in the technical guide [8]: efficient lighting, 
translucent tiles and lighting sensors, dispensers and automatic feeders, compressed air loss 
control, introduction of energy diagnosis, reuse of in-process material, waste recycling 
(outside process), etc. 

 

External indicators (Material intensity evaluation and water footprint) - This method, 
developed at the Wuppertal Institute by Ritthoff et al [13], is a practical application of the 
material input per service concept (MIPS) to evaluate the environmental harm associated 
with the extraction or diversion of resources from their natural flows and cycles. Material 
intensity factors (g/unit) are multiplied by each saving (material or energy), respectively, 
accounting for the total amount of abiotic and biotic matter, water and air, that are no 



longer required in order to provide that material to the company. According to Hoekstra 
[14], water footprint is the total amount of freshwater used directly and indirectly by a 
person, business, institution or country to produce the goods and services. The interest in 
the water footprint increased with the recognition that human impacts on freshwater 
systems is linked to products consumption, and that issues like water shortages and 
pollution can be better understood and addressed by considering production and supply 
chains as a whole. The water footprint concept can be used to quantify and map the water 
use behind consumption and how it can guide reduction of water use to a sustainable level. 
Table 4 shows the values of material intensities and water footprint of the selected 
individual savings achieved by CP interventions. 

Table 4 - Material intensity and water footprint  

 (*) Material intensity 

Abiotic Matter Air Water (***) 

Polypropylene (kg/kg) 4.24 3.37 205.48 

(**) Electric energy (kg/kWh) 0.36 0.12 15.35 

Water (kg/kg) 0.08 0.01 2.20 
(*) Material intensity is the material input in relation to a unit of measurement. The factors are used to 
express material intensity of production inputs (materials or energy), expressed in mass unit of resources 
per unit of input (e.g. kg/kg or kg/kWh). Source: Ritthoff et al [13]  
(**) The electricity data were adapted for the Brazilian energetic matrix multiplying the worldwide 
average of intensity values (Abiotic = 1.55 kg/kWh; Water = 66.73 kg/kWh; and Air = 0.54 kg/kWh) by 
the value of 0.23. A fraction of 0.23 was obtained by dividing the percentage of the contribution of the 
thermoelectric in the power generation in Brazil (18.2 %) by the percentage of the worldwide contribution 
(79.3 %). Source: ANEEL [15]. 
(***) The water footprint is an indicator of the total water use measured in terms of water volumes 
consumed, evapotranspirated and/or polluted, expressed in mass unit. 

 

A considerable environmental benefit is related to the avoidance of environmental 
impact associated with the extraction or diversion of resources from their natural ecosystem 
pathways. The water footprint quantifies the water use behind consumption and how it can 
guide reduction of water use to a sustainable level. Table 5 summarizes the material savings 
in the three environmental compartments (abiotic matter, air and water) achieved by CP 
interventions. The water compartment corresponds to the reduction in the water footprint. 
 

Table 5. Material and water savings due to CP interventions. 

Company 
Material savings (kg) 

Abiotic matter Air Water (*) 

D 1,465 976 68,562 

G 2,983 1,757 133,460 
(*) Total reduction in water footprint, showing the total water saved, expressed in mass unit (kg). 

 

It can be observed that the relatively small quantities of materials saved within the 
companies led to huge external preservation of materials, in particular water.  

 

External indicators (Carbon footprint) - The carbon footprint is a measure of the total 

amount of carbon dioxide (CO2) emissions that is directly and indirectly caused by an 

activity, or is accumulated over the life stages of a product. This includes activities of 

individuals, populations, governments, companies, organizations, processes, industry 

sectors etc. Products include goods and services. According to Wiedmann and Minx [16], 

in any case, all direct (on-site, internal) and indirect (off-site, external, embodied, upstream, 

downstream) emissions need to be taken into account. Only CO2 is included in the analysis, 

being well aware that there are other substances with greenhouse warming potential. 

However, many of those are either not based on carbon or are more difficult to quantify 

because of data availability. Tables 6 and 7 show the values of carbon footprint intensities 

for plastic and electric energy. 
 

 

 



 

Table 6 - Carbon footprint intensity for plastic. 
 (i) Intensity of energy 

contained in the fuel used in 
material transportation 

(MJ/kg) 

(ii) Intensity of 
energy contained 

in the raw material 
(MJ/kg) 

(i+ii) Total 
intensity of 

fossil energy 
(MJ/kg) 

(*) Intensity of 
indirect CO2 

emissions 
(kg CO2/kg) 

Plastic material 

(from crude oil) 
39.70 51.20 90.90  6.99 

 

(*) Intensity of indirect CO2 emissions obtained by multiplying the total intensity of fossil energy by the value of 
76.92 x 10-3 kgCO2/MJoe (oe = oil equivalent). Source: Brown and Ulgiati, 2002 [17]. 

 

Table 7 - Carbon footprint intensity for electric energy. 

Electricity generated 

in thermoelectric 

(*) Intensity of CO2 

emissions 
(kg CO2/kWh) 

(**) Contribution 
according to the Brazilian 

energy matrix (%) 

Intensity of indirect 
CO2

 emissions 
(kg CO2/kWh) 

Gas 0.60 10.3 0.062  
Oil 0.97 5.6 0.054 

Coal 1.08 2.3 0.025 

Total 0.141 
(*) Source: Herendeen, 1998 [18]. 
(**) Source: ANEEL [15]. 

The companies D and G carbon footprints (expressed in mass unit kg CO2), saved after 
CP interventions are shown in table 8. It can be observed that the CP interventions on 
reduction of raw material accounts for practically 90% of CO2 emission reduction.  

 

Table 8 - Carbon footprint intensity reduction due to CP interventions. 

 

5 Conclusions 

The qualitative research has been performed in eight companies in the plastic 

manufacturing sector and, due to the results relevance, it can be inferred that the proposed 

evaluation model allows identifying organizations that are effectively managing their 

processes through cleaner production principles and therefore possess the necessary 

requirements to obtain favorable environmental results. The multiple case study helped to 

select two companies that handled more than 90% of the model requirements, compared 

with the percentage of compliance of 85, 75 and 56% from the other companies. After 

being identified by the model as having structured and standardized management processes 

these companies (D and G) demonstrated the deployment of more than ten opportunities for 

cleaner production presented in the cleaner production technical guide [8] and showed a 

reduction in the consumption of water, electrical energy and raw material in the last three 

years.  
The results of external performance indicators allowed to look at the consumption 

decreases from the perspective of nature and showed that even small internal changes to the 
company can bring big benefits to the environment and society that would not be perceived 
with restricted use of internal indicators. With these multiple case study findings it is 
expected that the leading companies in the sector include concepts of cleaner production 
into their management processes to assist them in developing improved operational 
processes and obtaining favorable and sustainable environmental results. This will cause 

Comp

anies 
CP Interventions 

Carbon 

Footprints 

D 
250 kg plastic reduction /tfp  x  6.99 kg CO2

 /kg = 1,747.5 kg CO2 1,904 kg 

CO2 1,110 kWh electric energy reduction/tfp x 0.141 kg CO2/kWh =156.5 kg CO2 

G 
400 kg plastic reduction/tfp x  6.99 kg CO2

 /kg = 2,796.0 kg CO2 3,206 kg 

CO2 2,910 kWh electric energy reduction/tfp x 0.141 kg CO2/kWh = 410.3 kg CO2 



the follower companies adopt similar strategies in their management systems, making the 
concepts of environmental management to solidify in the producing and recycling of plastic 
industry. 
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