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Mapping Sustainable Structural Dimensions for Managing the Brazilian 
Biodiesel Supply Chain 

Silvio Francisco dos Santos1, Suzana Borschiver2, Vanderléa de Souza3

Abstract

It has been widely discussed in Brazil that the production of biodiesel should look for ways for increasing competitiveness 
considering the balance among economic growth, environmental quality and social well-being through the rational use of 
resources. The main purpose of this paper is to identify structural dimensions influencing sustainability and competitiveness 
of the Brazilian biodiesel production chain and, thereby, contribute to the current debate as well as to the process of 
formulating policy and strategies regarding this important supply chain. As starting point, a number of publications were 
reviewed allowing the identification of main issues and its combination into relevant factors. Eventually, the factors were 
put together, resulting in a set of structural dimensions: biodiesel supply chain environment, institutional framework, 
market conditions, monitoring systems and technological innovation. Then, the structural dimensions were summarized 
in a conceptual model showing the relationship between them. The structural dimensions may be seen as critical points in 
which stakeholders would pay attention to ensure successful performance and sustainable competitiveness of the biodiesel 
production chain. The objective of the entire system is to deliver biodiesel as a clean energy with focus on social inclusion, 
mitigation of environmental impacts and viability.

Keywords: biodiesel; supply chain; sustainability; competitiveness; dimensions; critical factors.

27



ISSN: 0718-2724. (http://www.jotmi.org) 
Journal of Technology Management & Innovation © Universidad Alberto Hurtado, Facultad de Economía y Negocios.

J. Technol. Manag. Innov. 2014, Volume 9, Issue 1

Introduction

The interest in renewable sources of energy has signifi-
cantly grown over the last years. Biodiesel is one example 
of such kind of energy. The importance of biodiesel relies 
on its possibility to replace petroleum diesel in internal 
combustion engines, to reduce greenhouse gas emissions 
(Mofijur, Atabani, Masjuki, Kalam, & Masum, 2013; Pieprzyk, 
Kortlüke, & Hilje, 2009) as well as to reduce negative im-
pacts on social aspects (Rovere, Pereira, & Simoes, 2010). 
Biodiesel production is still dominated by first generation 
technologies that use mainly biomass food crops as feed-
stock, however, significant research has been done for de-
velopment of biodiesel that uses non-food crops (Antizar-
Ladislao & Turrion-Gomez, 2008; Carriquiry, Du, & Timilsina, 
2010; Dunn, 2005; Florin, Van Ittersum, & Van De Ven, 2012;  
Vasudevan & Fu, 2010).

In Brazil, biodiesel contributes to the reduction in imports 
of mineral diesel and to increase employment generation, 
since it is able to generate 113% more jobs and 35% more 
of GDP when compared to the mineral diesel (Guilhoto & 
Cunha, 2012). One of the premises of the Brazilian Nation-
al Biodiesel Production and Use Program is that biodiesel 
should not be for exclusively commercial purposes: it should 
help Brazil to develop economically as well as to contribute 
to environment and society (PNPB, 2004).

Given the strategic importance of the biodiesel to Brazil, it 
is considered necessary to expand the knowledge on meth-
odologies addressing the peculiarities of its supply chain in 
order to make it competitive and prepared to comply with 
requirements on sustainability. Thus, the purpose of this pa-
per is to identify structural dimensions influencing sustain-
ability and competitiveness of the Brazilian biodiesel supply 
chain and, thereby, contribute to the current debate as well 
as to the process of formulating policy and strategies for it.

To explore these points, the paper comprises 7 main sec-
tions. In section 1, the key terms critical success factors, sup-
ply chain management and sustainability are outlined. After, 
in section 2, the methodology of the mapping process is pre-
sented, followed by section 3, in which the delimitation of 
the study is presented. Section 4 gives a descriptive analysis 
of the main features of the reviewed publications. Section 5 
is the core of the paper. It presents the identified structural 
dimensions and offers a conceptual model based on them. 
After, in section 6, a discussion on the findings will be given, 
and finally, in section 7, the paper will be concluded with final 
comments, and other research process.

Background

This section provides an overview on the concepts of criti-
cal success factors, supply chain management and sustain-
ability forming the background against which the mapping 
process is conducted.

Rockart (1979) defines critical success factors (CSF) as a 
limited number of key areas whose satisfactory results en-
sure the success of an organization and, therefore, such ar-
eas should receive continued attention by stakeholders. The 
CSF method has been applied in many types of organiza-
tions, including supply chains (Power, Sohal, & Rahman, 2001; 
Zhou, Huang, & Zhang, 2011). The process of identifying CSF 
assesses an organization as a whole and includes social, po-
litical and economic aspects.

The concept of supply chain is associated with the issues 
approached by logistics (Frazelle, 2002; Silva, 2005) and this, 
in turn, has developed in scope and influence over the years, 
from workstations to global logistics. A supply chain may be 
considered as a network of facilities, information systems 
and other elements connected by suppliers and customers. 
The logistics activities connect the elements of the chain 
and, thus, logistics “is what happens in the chain” (Frazelle, 
2002). The studies related to supply chain have raised the 
need for expanding the theory, bringing about the concept 
of supply chain management (Scramim & Batalha, 2004). This, 
in turn, emphasizes the need for integrating operations be-
tween producers, distributors, sellers and buyers, through 
activities such as management of raw materials and products, 
information, and capital aiming to meet the requirements 
imposed by the market (Borschiver, 1997; Castro, Lima, & 
Cristo, 2002; Teller, Kotzab, & Grant, 2011; Villa, 2001). Sup-
ply chain management also emphasizes the importance of 
establishing strategic relationships between manufacturing 
companies and their suppliers (Assumpção, 2003).

Significant efforts have been done over the last years to 
develop methods and metrics for capturing the concept of 
sustainability (WEF, 2012). The most accepted one may be 
obtained from the expression sustainable development, as 
presented by the Brundtland Report, issued by the World 
Commission on Environment and Development: “sustain-
able development is development that meets the needs of 
the present without compromising the ability of future gen-
erations meet their own needs” (WCED, 1987). The con-
cept was further elaborated by Agenda 21, and started to 
emphasize the principle of integration as one of the basic 
elements for creating interrelations between social, eco-
nomic and environmental issues (Nations, 1992). The same 
principle lead to the concept of  “triple bottom line” which 
states that sustainable businesses depend on the integration 
of positive inventories of economic, environmental and so-
cial resources (Elkington, 1997).

28



ISSN: 0718-2724. (http://www.jotmi.org) 
Journal of Technology Management & Innovation © Universidad Alberto Hurtado, Facultad de Economía y Negocios.

J. Technol. Manag. Innov. 2014, Volume 9, Issue 1

Delimitation of the context

This review is delimited to publications covering the fol-
lowing subjects: biodiesel, sustainability, supply chain man-
agement, critical success factors, and their relationships. Al-
though, it is focused on biodiesel production using vegetable 
oils in Brazil, sometimes will be need to provide comments 
upon biofuels in general and other kinds of feedstock.

The system boundary of the biodiesel supply chain includes 
the following main nodes:
• Raw material production: refers to feedstock cul-
tivation and seed harvesting; it includes soil fertilization, 
watering, oil extraction and transportation of oil seeds for 
extraction and oil for biodiesel production;
• Biodiesel production: uses of different technology, 
such as transesterification process, to convert biomass into 
fatty acid methyl esters (FAME), using an alcohol (ethanol or 
methanol) as reagent and an alkali (usually KOH or NaOH) 
as catalyst;
• Biodiesel distribution: biodiesel distribution to fuel
stations; and
• Biodiesel use: final use of the biodiesel as B100
(100% of biodiesel) or blended with fossil diesel as BX (X % 
of biodiesel).

The configuration of the biodiesel supply chain may differ 
depending on the level of vertical integration and the type of 
feedstock used (Coppead, 2007). For example, in the case of 
vegetable oils the crushing and processing step may be inte-
grated to cultivation or to the biodiesel production facility. 
There are also cases in which the cultivation, crushing and 
processing and biodiesel production are totally integrated. 
Lastly, there are situations in which there is no vertical inte-
gration and the steps are totally separated from each other 
(Coppead, 2007).

Descriptive analysis of the publications

The methodology took into account searches for publi-
cations on scientific databases such as Scopus and Web 
of Science. Journals in scientific indexes were preferred, 
although other non-indexed publications or internal re-
ports from highly reputed organizations such as Interna-
tional Energy Agency (IEA), Energy Information Adminis-
tration (EIA), World Economic Forum and Organization 
for Economic Co-operation and Development (OECD)  
have also been cited.

The sample comprehends 104 publications that were clas-
sified into 5 categories compatibles with the theme of the 
study. It should be observed that some publications are con-
cern to more than one category. Forty eight of the analyzed 
publications are specifically concerning to biodiesel and bio-

At this point, it is worth to mention the efforts that have 
been done to establish a better understanding on the re-
lationship between sustainability and competitiveness. In 
this regard, the World Economic Forum (WEF) has made 
progress to integrate both concepts into a new one, which 
they call sustainable competitiveness. The central idea of the 
concept is the search for “a development model that would 
balance economic prosperity, environmental stewardship, 
and social sustainability” (WEF, 2012).

Sustainability and supply chain management form the core 
themes of this paper. The mapping process will consider the 
theory on CSF to capture key factors and dimensions po-
tentially able to ensure sustainability of the biodiesel supply 
chain in Brazil. Thus, for the purpose of this paper, it can be 
conclude that in order to be sustainable the biodiesel sup-
ply chain would systematically integrate operations through 
management of information, raw materials, products and 
other resources aiming to meet requirements imposed by 
the market and, at the same time, incorporate goals concern 
a specific and limited number of factors covering social, eco-
nomic and environmental issues, taking also into account the 
context in which the operations happen.

Methodology

Fink (2010) defines literature review as “a systematic, explicit, 
and reproducible method for identifying, evaluating, and syn-
thesizing the existing body of completed and recorded work 
produced by researchers, scholars, and practitioners.”In gen-
eral, the literature review has two main objectives: a) sum-
marize existing research by identifying patterns, themes and 
research issues, and b) identify concepts related to issues 
with a view to developing a theory (SEURING & Müller, 
2008). Seuring and Müller point out that the major challenge 
is the fact that it is not practical conduct the reading of all 
the documents and, therefore, the analysis of a reduced set 
of documents related to the themes of research, through 
a literature review, makes possible address the issues in a 
systematic way. Thus, given that the enormous amount of 
information makes the biodiesel production chain complex, 
dynamic and focus of many discussions, the model adopt-
ed here will refer to the following steps (MAYRING, 2000; 
Seuring & Müller, 2008): a) Delimitating context of the litera-
ture review; b) Searching and selecting publications defining 
it as basic units of analysis; c) Descriptive analysis, in which 
formal aspects of publications, such as type and number of 
publications per year are analyzed; d) Systematic classifica-
tion of main issues and relevant factors extracted from spe-
cialized literature, based on the prospects of 6Ms perspec-
tives (ISHIKAWA, 1990); e) Selecting categories, in which 
structural dimensions present in the identified publications 
are formalized; and f) Assessment of bibliographic mate-
rial according to structural dimensions allowing discussing  
and interpreting of results.
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Mapping structural dimensions

This section forms the core of the mapping process. Here, 
the publications were analyzed in searching for main issues 
related to the biodiesel supply chain, with focus on the Bra-
zilian chain. The main issues form the basis for defi ning the 
relevant factors and these, in turn, are used to defi ne the 
structural dimensions.

Main issues and relevant factors

In order to capture the issues and undertake a systematic 
classifi cation, it was conducted a content analysis of the pub-
lications in which the documents were associated to one 
of the 6 perspectives adapted from 6M approach (Ishikawa, 
1990). In this step, the researchers identifi ed underlying cat-
egories by means of establishing patterns based upon the 
relationships between the main issues, resulting in the set 

fuels in general. A set of 12 publications is wider and ap-
proach bioenergy system as a whole. A signifi cant amount of 
the 36 publications concerns to the sustainability and seven 
publications cover critical success factors subject. Figure 1 
shows the categories and number of publications assigned 
to them.

The sample covers the period from 1979 to 2013. Most pub-
lications are articles from indexed journals (47) and maga-
zines (3). In addition to the articles, the sample comprises 21 
books, 4 conference papers, 4 conference proceedings, 16 
reports, 5 standards, 2 thesis and 2 government documents. 
The majority of the publications are within the period from 
2008 to 2013.

48 
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Figure 1. Categories of reviewed publications

Figure 2. Biodiesel production chain scheme and 6M perspectives
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of the majority of organizations and so is suitable for the 
objectives of the study.

Table 1 contains the list of selected main issues and relevant 
factors as well as references from which they were captured. 
The relevant factors cover the set of main issues captured 
from the reviewed literature. For example, the relevant fac-
tor labeled strategic management comprises seven main is-
sues, being management system scope towards sustainability 
one of them.

of issues shown in Table 1. Also, the step occurred through 
a deductive approach that allows selecting the main issues 
taking the theoretical basis of the work into consideration 
(Mayring, 2000). Figure 2 depicts the six adapted perspec-
tives and its relationship with the scheme of the biodiesel 
supply chain. This approach has provided the insights for cap-
turing the main issues and relevant factors and is mainly an 
analysis at a high macro level, although also includes issues 
at a lower operational level when necessary. In addition, it 
is assumed that the 6M perspectives cover the main aspects 

Relevant 
factors 

Main issues References

Biodiesel Supply Chain Environment

Strategic 
management

Management systems scope towards sustainability (Gold & Seuring, 2011; ISO, 2004b; Janaun & Ellis, 2010; 
Sarkis, Zhu, & Lai, 2011)

Needs for integrating biodiesel supply chain (McCormick & Kåberger, 2005; Nations, 1992; Nolin, 2010; 
Ramaa, Rangaswamy, & Subramanya, 2009)

Objectives and goals focused on strategic, tactical and 
operational level

(Ramaa et al., 2009)

Innovative models and techniques for product and 
process

(Buainain & Batalha, 2007; Coppead, 2007; Seuring, 2013; 
Young, 2009)

Policies from different government levels (Nations, 1992)

Common goals and market-oriented programs (Chen & Paulraj, 2004; Villa, 2001)

Emergency management system (Zhou et al., 2011)

Sharing of 
Information 

Insufficient or missing communication in the supply 
chain

(Seuring, Sarkis, Müller, & Rao, 2008)

Needs for structuring and disseminating information (Remmen, Jensen, & Frydendal, 2007)

Procedures for internal and external communication (ISO, 2004b)

Information technology (Nations, 1992; Nolin, 2010; Young, 2009; Zhou et al., 2011)

Effective use of information technology (Nolin, 2010)

Coordination 
and 
Competence

Integration, linkages and sustainability aspects in 
decision-making process

(Nations, 1992)

Ability to respond market challenges; supply chain 
agility

(Aziz & Zailani, 2011; IFQC, 2003a, 2003b; Young, 2009)

Multi-agent coordination problem; collaborative 
paradigm

(Chen & Paulraj, 2004; Villa, 2001)

Cooperation and collaboration efficiency along the 
supply chain

(Chen & Paulraj, 2004; Gold & Seuring, 2011; Ramaa et al., 
2009; Villa, 2001)

Motivating teams by implementing performance goal (Villa, 2001)

Capabilities to promote technological innovation; 
ensuring competence

(Assumpção, 2003)

Partnerships for leadership, competence, innovation 
and job creation

(ANP, 2012; McCormick & Kåberger, 2005)

Infrastructure 
and logistics

Needs for transporting products, people, materials, 
and equipment

(Buainain & Batalha, 2007; Coppead, 2007; Young, 2009)
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Encouraged use of intermodal solutions; dependency 
of road transportation

(Young, 2009)

Logistics management for ensuring sustainability (Coppead, 2007; Gold & Seuring, 2011)

Effective use of information technology (Nolin, 2010; Ramaa et al., 2009)

Technological infrastructure, social organization and 
logistics

(Gold & Seuring, 2011; Rovere et al., 2010)

Institutional Framework

Policy on sus-
tainability

Mitigating or overcoming environmental impacts (Gmünder, Singh, Pfister, Adheloya, & Zah, 2012; Young, 2009)

Introduce cleaner fuels on the market (ANP, 2012; IFQC, 2003a)

Promoting social inclusion linking energy and social 
policies

(Guilhoto & Cunha, 2012; MME, 2011; PNPB, 2004)

Government strategies for sustainable innovation (McCormick & Kåberger, 2005)

Set priorities and develop policies on sustainable 
development

(IFQC, 2003a; Nolin, 2010; PNPB, 2004)

Institutional partnerships (ANP, 2012; McCormick & Kåberger, 2005)

Legal and 
Regulatory 
framework

Voluntary and regulatory initiatives; certification 
schemes

(Ismail, Rossi, & Geiger, 2011)

Adequacy of legislation; policies related to tax incen-
tives and price

(Buainain & Batalha, 2007; Janaun & Ellis, 2010; Olivério, 
2006)

International agreements; overcoming barriers to trade (Borschiver, 1997; IBF, 2007; Junginger et al., 2011; Souza, 
2010)

Government guidelines on sustainability (Coppead, 2007; PNPB, 2004)

Monitoring and enforcement systems (ANP, 2012; IFQC, 2003a)

Market Conditions

Market, costs 
and prices

Conditions impacting on costs (Akgul, Shah, & Papageorgiou, 2012; Atabani et al., 2012; 
Buainain & Batalha, 2007; Coppead, 2007; Corsano, Vecchiet-
ti, & Montagna, 2011; Demirbas, 2008; IFQC, 2003b; Janaun 
& Ellis, 2010; Khalil, 2006; Mendes & Costa, 2010; Olivério, 
2006; Perimenis, Walimwipi, Zinoviev, Müller-Langer, & Mier-
tus, 2011; Radich, 2004; Seuring et al., 2008) 

Technological routes and vertical integration schemes (Coppead, 2007; Demirbas, 2008; Reaney, Furtan, & Loutas, 
2006)

Strategic supplier partnership for cost reducing (Ramaa et al., 2009)

Impact of prices on competitiveness, market regula-
tion and quality policies

(IFQC, 2003b)

Auction mechanism (MME, 2013; PNPB, 2004)

Ensure supply and competitive price of biodiesel (Buainain & Batalha, 2007; IFQC, 2003b)

Policies related to tax incentives and price (Buainain & Batalha, 2007; IFQC, 2003b)

Competitive advantages (Aziz & Zailani, 2011; Guilhoto & Cunha, 2012; Khalil, 2006; 
MDIC, 2006)

Ability to respond market challenges; supply chain 
agility

(Aziz & Zailani, 2011; Kurki, Hill, & Morris, 2010; Pradhan et 
al., 2009; Ramaa et al., 2009; Young, 2009)

Make economic use of residues and byproducts (to 
offset costs)

(Demirbas, 2008; Kurki et al., 2010; Pradhan et al., 2009)
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Monitoring Systems

Performance 
measurements

Indirect indicators to assess effectiveness of the tech-
nological innovation

(OECD, 1996)

Measurement systems and peculiarities of innovation 
process

(OECD, 1996; Ramaa et al., 2009; Teller et al., 2011; Zhou et 
al., 2011)

Innovative methods for measuring performance (Ramaa et al., 2009)

Mutually accepted models for measuring (Assumpção, 2003; Chen & Paulraj, 2004; Ramaa et al., 2009; 
Villa, 2001)

Monitoring and 
Enforcement 
systems

Supply chain’s critical points and scope impacting on 
quality

(ANP, 2012; IFQC, 2003a)

National standards and ability to control fuel quality (ANP, 2012; Brandi, Daroda, & Souza, 2011; Souza, 2010; 
IFQC, 2003a)

Monitoring and enforcement systems; quality assur-
ance

(ANP, 2012; IFQC, 2003a)

Stakeholder 
Perceptions

Stakeholder perceptions (ISO, 2004a, 2010; Mitchell, Agle, & Wood, 1997)

Satisfaction towards continuous improvement (Aziz & Zailani, 2011; Ramaa et al., 2009; Seuring & Müller, 
2008; Teller et al., 2011; Zhou et al., 2011)

Demands (logistics, technology, systems; integration, 
sustainable development, innovation, competitiveness)

(Antizar-Ladislao & Turrion-Gomez, 2008; Buainain & Batal-
ha, 2007; Coppead, 2007; Furlan, 2007; Nolin, 2010; Rovere 
et al., 2010; Young, 2009)

Technological Innovation

Innovation Sustainability and strategies for technological inno-
vation

(Cocco, 2007; Demirbas, 2008; Hall & Matos, 2010; Hall, Ma-
tos, Silvestre, & Martin, 2011; Hansen, Olsen, & Ujang, 2012; 
Khalil, 2006; McCormick & Kåberger, 2005; Obiero, Birech, 
Joyce, Kibet, & Freyer, 2013)

Innovative methods for sustainability (Lal, 2007; Tang & Zhao, 2009)

Developing technological innovations (Antizar-Ladislao & Turrion-Gomez, 2008; Atabani et al., 
2012; Carriquiry et al., 2010; Demirbas, 2008; Furlan, 2007; 
Gold & Seuring, 2011; Hall & Matos, 2010; Hall et al., 2011; 
Nolin, 2010; Rovere et al., 2010; Vasudevan & Fu, 2010)

New sources for producing biodiesel (Amaral, 2009; Atabani et al., 2012; Bonin & Lal, 2012; 
Coppead, 2007; Demirbas, 2008; Dunn, 2005; Embrapa, 2007; 
McCormick & Kåberger, 2005; Nunes, 2007; Olivério, 2006; 
Ramos, 2008, 2009; Vasudevan & Fu, 2010)

Conditions for innovation and competitiveness (Coppead, 2007; Junginger et al., 2011; MME, 2013; PNPB, 
2004; Young, 2009)

Alternative farming systems (Achten et al., 2010; Buainain & Batalha, 2007; Khalil, 2006; 
Lal, 2007; Obiero et al., 2013)

Make economic use of residues and byproducts (im-
prove technology)

(Antizar-Ladislao & Turrion-Gomez, 2008; Cocco, 2007; 
Coppead, 2007; Demirbas, 2008; Hansen et al., 2012; Kurki 
et al., 2010; Pradhan et al., 2009; Young, 2009)

Table 1. Structural dimensions, relevant factors and main issues affecting the Brazilian biodiesel chain
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by achievement of the organization’s objectives” (Mitchell et 
al., 1997). The conceptual model coupled with the structural 
dimensions form the basis for discussing the results.

Discussion

The purpose of this section is to evaluate and interpret 
the five structural dimensions mainly through an over-
view of the relevant factors that originated them. The 
analysis begins suggesting that the main goal of the system 
is to promote biodiesel as a clean energy. In this context, 
the entire system should be able to provide conditions 
to deliver biodiesel to the stakeholders and to promote  
sustainable competitiveness. 

Biodiesel supply chain environment

The biodiesel supply chain environment is the structural 
dimension that concerns to the flows in the entire supply 
chain, and to the interactions of individual companies with 
other companies and with other elements in the chain. It 
covers the following relevant factors: strategic manage-
ment, sharing of information, coordination and competence, 
and infrastructure and logistics. The biodiesel supply chain 
environment may be affected by the quality of operations 
and strategies from the overall supply chain and from in-
dividual companies levels. In both cases, the quality of the 
entire chain is strongly related to the extent in which  
the structural dimensions interact.

Identification of structural dimensions

The whole process for identifying structural dimensions 
happened deductively and inductively and was related to 
the mentioned theory taken as background (Mayring, 2000; 
Seuring & Müller, 2008). In the inductive method, the 11 rel-
evant factors (Table 1) were developed after analyzing the 
main issues and considering the context of the biodiesel 
production chain. Building upon these results, the 11 factors 
were summarized into five structural dimensions influencing 
the biodiesel supply chain: biodiesel supply chain environ-
ment, institutional framework, market conditions, monitor-
ing systems and technological innovation. The process leads 
to a conceptual model based on the structural dimensions 
and factors identified in the mapping process (Figure 3). 
The conceptual model shows the structural dimensions and 
their relationship, specified according to the concepts that 
constitute the theoretical basis of this paper as well as the 
specificities of the Brazilian biodiesel chain. The structural 
dimensions interact to reach the main goal of the system: 
to produce sustainable and competitive cleaner energy (bio-
diesel) with focus on social inclusion, mitigation of environ-
mental impacts and economic viability.

The structural dimensions may be seen as critical points in 
which stakeholders would pay attention to ensure successful 
performance of the biodiesel chain. Here, stakeholder is de-
fined as “any group or individual who can affect or is affected 

Figure 3. Sustainable competitiveness of the Brazilian biodiesel chain
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goals identifying relevant stakeholders’ perceptions is highly 
recommended (ISO, 2004a, 2010). Building on the insights 
provided by Agenda 21 (Nations, 1992), Nolin (2010) high-
lighted that information gathering and sharing are needed to 
help policymakers set priorities and develop policies. Nolin 
argues that information technology can be used to support 
communicative aspects of integration, especially in the sus-
tainable energy sector, since facilitates integration of sustain-
ability aspects and contributes to the strengthening of the 
sustainable development.

The use of information technology is of great importance 
to define a framework for dealing with events that can pro-
duce extensive damage, that is, an emergency management 
system (EMS). This kind of system helps to identify and re-
spond to potential emergencies and potential accidents that 
can impact on the environment. It provides technological re-
sources to the establishment of procedures for internal and 
external communication concerning relevant environmental 
aspects (ISO, 2004b; Zhou et al., 2011).

Infrastructure and logistics remain as great concerns of the 
Brazilian biodiesel chain. In order to address them, innovative 
solutions will be required to operate the needs for trans-
porting products, people, materials, and equipment (Buainain 
& Batalha, 2007; Coppead, 2007; Young, 2009). Information 
technology can play an important role in this regard but it is 
still necessary eliminating bottlenecks such as the almost en-
tire dependency of the use of road transportation. In order 
to deals with this problem, it would be encouraged to make 
a better use of intermodal solutions such as waterways, rail-
ways and pipelines (Young, 2009). Gold and Seuring (2011) 
presented a review addressing logistics issues and confirmed 
the high relevance of logistics management for ensuring im-
plementation of the sustainability aspects on bioenergy sys-
tems and, thus, proposed the establishment of instruments 
for improving production systems, taking into account all 
supply chain’s stakeholders, collaboration, and the interlink-
age of sustainability, strategic management and social net-
work (Gold & Seuring, 2011; McCormick & Kåberger, 2005).

Institutional framework

The institutional framework determines the environment in 
which the elements of the biodiesel supply chain interact to 
produce biodiesel in a sustainable and competitive manner. It 
covers two relevant factors: legal and regulatory framework, 
and policy on sustainability. In the institutional context, the 
process for defining policy and incentives play an important 
role. The energy policy may include policy on taxation rates, 
energy costs, international agreements (Borschiver, 1997), 
adequacy of legislation (Olivério, 2006), barriers to trade 
(Brandi et al., 2011; IBF, 2007; Junginger et al., 2011; Souza, 
2010).  Incentives can be offered by the government in order 

In order to manage the flows in a supply chain it is necessary 
the presence of managers operating in strategic parts of the 
chain. Villa (2001) calls these managers “agents” of the chain. 
In general, the agents are distributed in different companies, 
have limited communication and local autonomy. Villa (2001) 
points out that this configuration coupled with the natural 
competition among agents leads to the biggest problem of 
the management of supply chains: the multi-agent coordina-
tion. This paradigm has been subject of debate in strategic 
management theory in which some authors emphasize the 
concept of collaborative advantage (Chen & Paulraj, 2004) 
in opposition of competitive advantage (Porter, 1989). In 
the context of collaborative advantage, a network is a com-
position of interdependent relationships designed through 
strategic collaboration with a set of common goals, aiming 
common benefits (Chen & Paulraj, 2004). In this respect, 
common goals would be pursued through an efficient alloca-
tion of resources, market-oriented programs, motivation of 
teams towards performance goal as strategies to overcome 
the collaborative paradigm (Villa, 2001).

Along the same lines, Assumpção (2003) proposed the de-
velopment of the supply integration in order address com-
mon goals such as sustainable development. The author sug-
gested the development of new capabilities as a mean for 
promoting technological innovations in products and pro-
cesses. An example of this approach is the Brazilian Monitor-
ing Program Fuel Quality (PMQC). This program is based on 
partnerships with research institutions, universities and Bra-
zilian states and has contributed to the creation of technical 
competence and generation of new knowledge in the field 
of fuels and biofuels (ANP, 2012). This example shows the 
importance of institutional partnerships, not only for build-
ing competence, but also to create leadership to develop 
innovation in process and products, and to generate employ-
ment and new business. These findings are confirmed by the 
literature, which point out institutional relationships as a key 
factor of bioenergy systems (McCormick & Kåberger, 2005).

Bringing the Agenda 21 guidelines to the context of the bio-
diesel supply chain, a possible action to reach integration 
would be exchange experience between organizations from 
all nodes of the supply chain. A key challenge in doing so is 
the difficult to connect concepts such as information and 
information society to the concept of sustainable develop-
ment (Nolin, 2010). Although sharing of information at every 
node of the supply chain is difficult to implement (Ramaa et 
al., 2009) it seems this is one of the few ways to establish 
the framework in which the integration takes place. In this 
regard, Ramaa et al (2009) have suggested that through the 
use of performance management systems, organizations can 
manage the achievement of its objectives and goals focused 
on strategic, tactical and operational level and also increase 
supply chain collaboration efficiency. In order to reach these 
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regulatory frameworks, scorecards, voluntary standards and 
certification schemes have been done (Ismail et al., 2011).

Market conditions

An acceptable level of stability of the market conditions 
is important for the overall performance of the biodiesel 
supply chain. The chain cannot be sustainable and competi-
tive unless the market conditions are stable. In the Brazilian 
case, the creation of conditions for the consolidation of the 
sector is still in process and takes into account goals con-
cerning social inclusion and reduction of regional disparities. 
The commercialization of biodiesel is made through public 
auctions in which trading volume, suppliers and price con-
ditions are known. The auction set a reference price and 
the winning companies are those that offer biodiesel at the 
lowest price and meet the quality criteria required by the 
Brazilian regulatory agency. To ensure the participation of 
family farming, at least 80% of the trading volume shall be 
from producers holding the Social Fuel Seal (MME, 2011). 
Currently, 17 of the 60 plants hold the Social Fuel Seal. They 
are responsible for an authorized capacity of 6.549 x 103 
m3/year (MME, 2013).

Regarding to the development of international trade, high 
fossil fuel prices, import tariffs and mitigation policies are the 
most important barriers to the commercialization of bio-
diesel worldwide. Thus, reducing import tariffs and develop-
ing multinational agreements, including standardization and 
provisions of sustainability requirements, would overcome 
some of these barriers (Junginger et al., 2011). In this con-
text, metrology plays an important role as the basis of the 
standardization process since it provides reference stand-
ards (including certified reference materials) that serve to 
evaluate whether some characteristics and related specifica-
tions meet a desirable level of quality (Brandi et al., 2011). 
Standardization may be viewed from two perspectives: na-
tional standards coupled with regulations and conformity as-
sessment procedures are essential to quality assurance pro-
cesses and to promote national competitiveness, therefore, 
they may also serve as unnecessary barriers to worldwide 
trade. With respect to incentives strategies, Buainain and 
Batalha (2007) argue that high cost of producing biodiesel 
compared to the petroleum diesel requires the use of tax 
incentives and observe the that, in Germany, the largest pro-
ducer of biodiesel in the world, the product competitiveness 
in relation to petroleum diesel is highly based on incentives.

The production of biodiesel depends on several conditions 
such as methods of producing and types of raw materials 
used in the process. The feedstock is the largest single com-
ponent of the costs (Demirbas, 2008; Olivério, 2006; Pe-
rimenis et al., 2011; Radich, 2004) representing more than 
75% of the overall biodiesel production cost (Atabani et al., 

to develop and maintain the supply chain sustainability and 
competitiveness. It can be applied to improve water manage-
ment, and conservation practices (Janaun & Ellis, 2010) and 
also to compensate financial advantages (Buainain & Batalha, 
2007; Janaun & Ellis, 2010).

In defining institutional policy, laws and regulation it is neces-
sary to pay attention to sustainability aspects. For example, 
in the process of choosing which oilseed to produce, the 
main criterion to be used would be the potential of oilseed 
depending on geographic region and climate since these 
conditions impact directly on sustainability aspects (Khalil, 
2006; Mourad, 2008; PNPB, 2004). In Brazil, palm oil and ba-
bassu palm are more appropriate for North region while 
cultivation of rapeseed, sunflower and cotton is more fa-
vorable in the South region. Soybean can be cultivated in 
almost all region, excepting Northeast (Khalil, 2006). Each 
of these regions has different social, environmental and eco-
nomic needs that have to be considered by policy makers.

In this direction, the Brazilian government has established an 
important program called National Program for Production 
and Use of Biodiesel (PNPB) that has the following main 
goals: a) to establish a sustainable program for promoting 
social inclusion; b) to ensure competitive prices, quality and 
supply; and c) to produce biodiesel from different oil sources 
and in different regions.  The importance of the PNPB in 
the sustainability context relies on the Brazilian intention of 
establishing a linkage between an energy policy and a social 
policy. In this respect, the Social Seal Certification Program 
is a Brazilian initiative taking part of the PNPB. It certifies 
the biodiesel producers that buy 10–30% of their feedstock 
from family farmers. According to the PNPB, at least in the-
ory, only biodiesel producers with the Social Seal Certifica-
tion could sell biodiesel in the Brazilian market. The national 
market is supposed to be opened only if biodiesel producers 
were unable to meet the Brazilian demand with certified 
biodiesel (PNPB, 2004).

The quality and applicability of the policy, laws and regula-
tions has a strong influence on the sustainability and com-
petitiveness of the chain as well as on market conditions. In-
deed, the role of institutional framework goes beyond these 
elements. Government attitudes towards the efficiency of 
the biodiesel supply chain activities are also determinant, 
since excessive bureaucracy, overregulation and inability to 
provide appropriated services for the sector may impose 
additional costs and slow its sustainable development (WEF, 
2012). The attitudes of companies from the biodiesel sup-
ply chain in applying sustainable practices are also crucial. 
In general, decision-making process does not consider the 
specificities of the chain and does not properly create link-
ages between the three sustainability aspects although many 
government and voluntary initiatives, including legal and 

36



ISSN: 0718-2724. (http://www.jotmi.org) 
Journal of Technology Management & Innovation © Universidad Alberto Hurtado, Facultad de Economía y Negocios.

J. Technol. Manag. Innov. 2014, Volume 9, Issue 1

vation. In order to address measurement and monitoring 
needs, Life Cycle Assessment (LCA) can be useful in identify-
ing opportunities to improve performance at various points 
of the product’s life cycle as well as in selecting of relevant 
indicators for measuring environmental performance (Rem-
men et al., 2007). LCA is the most complete and applied 
tool in biodiesel supply chain literature, although in most of 
the cases it is mainly used to deals with environmental and 
economic issues (Bonin & Lal, 2012; Cocco, 2011; ISO, 2006a, 
2006b; Manik, Leahy, & Halog, 2013; Seuring, 2013; Wang, Cal-
deron, & Lu, 2011).

Monitoring and enforcement systems help to fully imple-
ment quality assurance procedures (IFQC, 2003a). This kind 
of system depends on standardization and the ability to con-
trol fuel quality at the point of distribution (IFQC, 2003a). 
In the Brazilian case, the focus of the model is on physical 
and chemical properties of the biodiesel rather than raw 
materials or biodiesel production and distribution processes 
(Araújo, 2005; Lobo, Ferreira, & Cruz, 2009).

A comprehensive monitoring system contributes to the ef-
fectiveness of the regulation of environmental and economic 
aspects related to fuel markets, since it promotes environ-
mental compliance by the strict supervision of the fulfill-
ment of all specifications and minimizes fuel tax evasion that 
leads to anticompetitive market practices (ANP, 2012). 

Technological innovation

Technological innovation, either in relation to products, 
process or management techniques, is the main foundation 
of sustainable competiveness. Improvement of technology 
should be economic beneficial, should look for mitigating or 
overcoming environmental impacts (Gmünder et al., 2012), 
diversification of raw materials (Dunn, 2005), better use of 
supplies and byproducts, and should contribute to develop-
ment and creation of jobs (Young, 2009).

Innovation can emerge from management practices, stake-
holder satisfaction and perceptions as well as from results 
of monitoring, performance systems and other different 
sources depending on economic factors, such as costs and 
demand, personnel skills and knowledge, institutional frame-
work, and the ability of the companies to appropriate gains 
from their innovation (OECD, 2005). It also depends on the 
types of external linkages that a company in the biodiesel 
chain is able to maintain. These linkages can be identified 
as open information sources, acquisition of knowledge and 

2012). Crude glycerin  is a byproduct that has economic 
value and so helps to offset the cost of biodiesel production 
since it can be used in the production of soap and phar-
maceutical products (Demirbas, 2008). The costs of pro-
ducing biodiesel also vary depending on the level of verti-
cal integration of the processes of crushing and processing 
(Demirbas, 2008; Reaney et al., 2006) and the technological 
route adopted (Demirbas, 2008). In general, the more inte-
grated, the lower the cost of production. However, the deci-
sion of integration must take into consideration the invest-
ment required to do so (Coppead, 2007). The ethyl route 
generates more costs than the methyl route regardless of 
the level of vertical integration (Coppead, 2007; Demir-
bas, 2008). Cost of land and cost of labor also contribute 
to the competitiveness of the biodiesel as a renewable fuel  
(Khalil, 2006; Mendes & Costa, 2010).

Reducing raw materials costs (Akgul et al., 2012; Olivério, 
2006; Radich, 2004) and biodiesel production costs (Akgul 
et al., 2012; Buainain & Batalha, 2007; Corsano et al., 2011; 
Khalil, 2006; Perimenis et al., 2011; Radich, 2004) are impor-
tant aspects concerning market conditions. Tax incentives 
and pricing are mechanisms for facilitating the penetration 
of cleaner fuels on the market (IFQC, 2003b). Manage all 
these aspects, along with capital, operating costs and logis-
tic costs, is a complex task that have a great effect on the 
overall cost of producing biodiesel and, consequently, on the 
market conditions.

Monitoring systems

Monitoring systems covers performance measurements, 
monitoring and enforcement systems, and stakeholder sat-
isfaction issues. In order to be efficient and well-functioning 
the biodiesel supply chain should be able to allocate and 
make use of resources in their most productive uses. Also, it 
should assure that biodiesel is produced and commercialized 
according to required specifications. The use of innovative 
methods for monitoring and enforcement systems (IFQC, 
2003a) as well as for measuring performance systems is of 
great importance. It should consider not only financial data 
but also measures based on process such as quality, flex-
ibility, speed, customer service level (Ramaa et al., 2009) and 
stakeholder satisfaction.

Performance measurement may be defined as a system that 
provides a mutually accepted model of goals, indicators, 
methods of measuring, and specifies procedures, responsibil-
ities and mode of governance (Ramaa et al., 2009).  It enables 
people focus on what is important to the company (Ramaa 
et al., 2009; Teller et al., 2011; Zhou et al., 2011) and allows 
introducing continuous improvement of the organization’s 
reputation. Performance measurement system also involves 
the use of indicators on research, development and inno-

The term “glycerin” applies to the purified commercial products 
normally containing >95% of glycerol. The term “glycerol” applies 
only to the pure chemical compound 1,2,3-propanetriol (Gnothe 
& Gerpen, 2005)
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2007; Obiero et al., 2013). In this regard, it is emphasized 
that optimizing fertilization, agronomic practices and genet-
ics are the major system improvement options (Achten et 
al., 2010; Buainain & Batalha, 2007). The use of new sources 
of oil would require developing new technology to harvest, 
process and convert plant material into biodiesel. Industrial 
biotechnology has been used to produce enzymes and mi-
croorganisms to yield value-added chemicals from renew-
able sources (Tang & Zhao, 2009).

Statistics on technological innovation are difficult to meas-
ure (OECD, 1996), limited and give an incomplete pattern of 
technological change in industry (OECD, 1996). Therefore, in 
the absence of direct measures, statistics on patents broadly 
use indirect indicators of the effectiveness of the innovation 
process. Since patent statistics is a source of information on 
invention and diffusion of technology and innovation, and 
encompass legal, technical, and economic aspects, research-
ers on technological innovation recommend they must be 
interpreted carefully (OECD, 1996). There are about 600 
identified technological innovations related to biofuels in the 
world, including statistics on biodiesel. The main advances 
involve raw materials transformation, processing of oils by 
transesterification, and obtaining of liquid carbonaceous fu-
els (Cepal, 2011).

Conclusions

This study has taken an extensive review of the literature 
encompassing management and sustainability aspects of the 
biodiesel supply chain and issues surrounding these con-
cepts with focus on the Brazilian chain and its specificities.

Based on the literature review and available knowledge re-
garding the Brazilian supply chain the study offers a concep-
tual model which comprises the integration of 5 structural 
dimensions, 11 relevant factors and 62 main issues as shown 
in Table 1 and Figure 3. The main objective of the system is 
to deliver biodiesel as a clean energy. In order to reach this 
goal, the conceptual model considers the need for balancing 
sustainability and competitiveness goals, with both concepts 
embodied in a new one called sustainable competitiveness 
(WEF, 2012). The primary focus of the system is on social 
inclusion, mitigation of environmental impacts and economic 
viability. The market conditions interact directly with the bio-
diesel supply chain environment affecting the way in which 
prices, production, raw material, operational and other costs, 
and supplier partnerships are managed. It also provides in-
puts for the institutional framework where laws, regulations 
and policy governing the biodiesel market are the defined. 
The interrelation with monitoring system provides condi-
tions for the production and commercialization of biodiesel 
looking for overall competitiveness of the chain. Within the 
biodiesel environment the companies interact to implement 

technology and innovation co-operation with other compa-
nies or public research institutions (OECD, 2005).

Improvement of technology potentially comprehends all 
products and process from the biodiesel supply chain 
that aim an improved environmental and social quality at 
least on the level of the guidelines provided by recognized 
standards. It also includes technical aspects related to lo-
gistics as well as technologies, such as fat extracting from 
residues (Coppead, 2007). In this regard, a well-established 
institutional framework and the support of public and pri-
vate sector are drivers to the innovative activity. The pres-
ence of high-quality scientific institutions generating basic 
knowledge through extensive collaboration in research and 
technological development is also crucial for building new  
technologies (WEF, 2012).

Many studies emphasize the need of deploying sustainable 
technologies to carry out operations of the biodiesel supply 
chain (Furlan, 2007; Gold & Seuring, 2011) and development 
of technological innovations to address the biodiesel sus-
tainability demands (Furlan, 2007; Nolin, 2010; Rovere et al., 
2010).  In general, these studies refer to: a) minimization of 
emissions impacting on the atmosphere (Furlan, 2007; IPCC, 
2011; Mofijur et al., 2013; Pieprzyk et al., 2009; Walker et al., 
2010); b) reduction of generation of waste and water con-
sume; c) increasing the level of mechanization (Khalil, 2006; 
Young, 2009); d) improvement of production and distribu-
tion processes (Coppead, 2007; Olivério, 2006; Silva, 2005), 
e) development of the supply chain’s ability to provide value-
added byproducts (Demirbas, 2008; Kurki et al., 2010; Prad-
han et al., 2009), and f) development of new sources of oil 
(Coppead, 2007; Demirbas, 2008; Vasudevan & Fu, 2010).

The development of technological innovation in addressing 
social issues is still under debate, although some investiga-
tions have been done. Hall and Matos (Hall & Matos, 2010; 
Hall et al., 2011) argue that innovation is able to solve some 
technological and commercial issues, but has also potential 
to create additional social problems, such as increasing in 
social exclusion due to greater mechanization. On the other 
hand, McCormick and Kåberger draw attention to the fact 
that technological innovation is often exclusively related to 
the development, diffusion, and use of new technologies. 
They emphasize the need for distinguishing between tech-
nological, organizational and social innovation mainly when 
defining strategies for sustainable development (McCormick 
& Kåberger, 2005).

Regarding to alternatives for farming systems, researchers 
have drawn attention to the need for introducing improve-
ment in processes for managing soil and water resources, 
enhancement of the biodiversity (Khalil, 2006; Lal, 2007) 
and increasing of agricultural productivity (Khalil, 2006; Lal, 

38



ISSN: 0718-2724. (http://www.jotmi.org) 
Journal of Technology Management & Innovation © Universidad Alberto Hurtado, Facultad de Economía y Negocios.

J. Technol. Manag. Innov. 2014, Volume 9, Issue 1

ANTIZAR-LADISLAO, B., J.L. Turrion-Gomez. (2008). 
Second-generation biofuels and local bioenergy systems. 
Biofuels, Bioproducts and Biorefining, 2(5), 455-469. doi:  
10.1002/bbb.97

ARAÚJO, R.M. (2005). Controle de qualidade de biodiesel.  
Rio de Janeiro: Agência Nacional do Petróleo, Gás Natural 
e Biocombustíveis (ANP) Retrieved from http://www.mme.
gov.br/programas/biodiesel.

ASSUMPÇÃO, M.R.P. (2003). Reflexão para a gestão tec-
nológica em cadeias de suprimento. Gestão & Produção, 
10(n.3), 345-361.

ATABANI, A.E., A.S. Silitonga, I.A. Badruddin, et al. (2012). A 
comprehensive review on biodiesel as an alternative energy 
resource and its characteristics. Renewable and Sustainable 
Energy Reviews, 16(4), 2070-2093. 

AZIZ, A.K.A., S. Zailani. (2011). A conceptual paper on de-
terminants and outcomes of supply chain agility. Paper pre-
sented at the International Conference on Computer Com-
munication and Management, Singapura. http://www.ipcsit.
com/vol5/83-ICCCM2011-C040.pdf

BONIN, C., R. Lal. (2012). Bioethanol potentials and life-
cycle assessments of biofuel feedstocks. Critical Reviews in 
Plant Sciences, 31(4), 271-289. 
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their strategies, carry out their operations and manage the 
flows of the elements of the chain. In doing so, information 
technology, coordination of agents, available infrastructure 
and logistics play a crucial role. As any kind of system, the 
entire chain is affected by market conditions and the insti-
tutional framework. Its performance, operations and quality 
are monitored by systems specially designed. Technological 
innovation is of great importance to the system since it is 
the main foundation of sustainable competitiveness.

This approach must be seen as a process of expanding the 
knowledge about the context in which the biodiesel produc-
tion happens, considering the needs for sustainability and 
competitiveness. The framework presented here is only a 
step towards what Weick (1995) calls theorizing process. 
It should be emphasized that the results are most depend-
ent upon the various assumptions made by the research-
ers along the entire process. Given the complexity of the 
Brazilian biodiesel chain, a number of different underlying 
dimensions may be found, depending on the consideration 
of a series of factors such as methodology applied and per-
spectives or concepts used by researchers. Certainly, the set 
of dimensions found is not definitive and further investiga-
tion should consider this and also that the model is strongly 
context dependent.
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