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Renewable energy solutions, of which bioenergy currently represents the largest share, 

are politically and scientifically considered to represent an indispensable replacement for 

the fossil fuel-based energy that is currently the most dominant source of energy. A major 

obstacle that impedes the sustainable execution of bioenergy expansion is the prevailing 

reductionist approach to sustainability that manifests itself as the focus of business eco-

nomic sustainability-oriented eco-efficiency measures among bioenergy businesses. The 

development of an in-depth holistic understanding of sustainability bioenergy businesses 

could have the significant potential to initiate the transitions of bioenergy systems towards 

sustainability. 

 

The objective of the research described in this thesis was to generate insights into the 

prerequisites that could underpin the development of holistically sustainable bioenergy 

business. The research questions were: 1) What sustainability themes, questions, methods 

and tools are related to the different approaches to sustainability that can be observed 

among bioenergy businesses? 2) What role do the common bioenergy business 

approaches to sustainability play in the development of a holistically sustainable 

bioenergy business? 3) What is the significance of sustainability in the local context in 

terms of the contribution bioenergy businesses make to global sustainability? 

The research that was conducted for this thesis was qualitative in nature. It combined 

literature reviews with three workshops attended by Finnish bioenergy experts as methods 

for data collection. This data was subsequently analysed according to theoretical organ-

ising frameworks, which included maturity models.  

 

This thesis describes bioenergy business approaches to sustainability through introducing 

the maturity model of corporate responsibility for sustainability and describing the bio-

energy sustainability themes, questions, methods and tools that apply to various levels of 

this model. The common bioenergy business approaches to sustainability, compliance 

with legislation, business economic sustainability—including eco-efficiency—and pur-

suing compliance with sustainability standards and certification systems, serve as a start-

ing point for sustainability work; however, holistically sustainable bioenergy business 

requires a shift from a business-first to a sustainability-first perspective. The local context 

is the starting point for global sustainability contribution if activities that contribute to 

relative local sustainability beyond sustainable limits are avoided. 

 



The theoretical maturity models of corporate responsibility for sustainability and legisla-

tion maturity that are introduced in this thesis serve as a foundation for further empirical 

studies and could be further developed in more depth. In practice, bioenergy businesses 

should manage a large extent of diverse sustainability aspects. Managers should have a 

holistic view of sustainability in the company; however, slow and bureaucratic sustaina-

bility management processes should be avoided and flexibility maintained. The utilisation 

of personnel who possess transdisciplinary knowledge could help businesses to develop 

a better understanding of the multiplicity of sustainability. Sustainable change could, thus, 

emanate from the top-down and bottom-up in a bioenergy company. The first steps to-

wards achieving holistically sustainable bioenergy businesses could be derived from the 

perspective of the common approaches to sustainability by developing more proactive 

approaches to requirements and by broadening the perception of the bioenergy system. It 

is anticipated that the legislation maturity model introduced in this paper will help man-

agers to assess the strategies that are in use, more systematically select strategies, under-

stand the spatial and temporal scales and efficiently allocate resources to the management 

of legislation. 

 

Keywords: sustainability, sustainable development, corporate responsibility, corporate 

sustainability, business sustainability, bioenergy, bioenergy system, bioenergy business, 

biofuel, maturity model 
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Bioenergy This thesis uses the term bioenergy to refer to all energy produced from bio-

fuels for all purposes including transportation and other energy uses such as 

electricity, heating and cooling production irrespective of conversion tech-

nology. 

Biofuel This thesis uses the term biofuel to refer to all biomass-based fuels of solid, 

liquid and gaseous form for all purposes including transportation and other 

energy uses such as electricity, heating and cooling production. 
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1 Introduction 

This section introduces the background to this research together with the research prob-

lem, objective, questions, process and scope and a basic outline of the structure of this 

thesis. 

1.1 Background 

As illustrated in Figure 1.1, bioenergy met approximately 10% of global primary energy 

demand in 2012, while energy produced from fossil fuels (oil, coal and natural gas) met 

82% of the primary energy demand (IEA, 2014). Two-thirds of the primary energy de-

mand that is met by biofuels consists of the traditional non-commercial biomass used for 

domestic heating and cooking predominantly in developing countries and the remaining 

one-third is modern use of biomass for electricity, heating or cooling, and transportation 

(IEA, 2012).  

 

Figure 1.1. Share of fuels of the global primary energy demand in 2012. Bioenergy includes tra-

ditional and modern uses of biomass. (IEA, 2014.) 
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The international trade of both biofuel products and feedstock has drastically increased 

in recent years (Faaij et al., 2013; Vakkilainen et al., 2013), mainly due to their political 

support and the availability of economic subsidies (Junginger et al., 2013). The IEA 

(2014) formulated the ideal energy scenario, which outlined measures to limit the increase 

of the global average temperature to two degrees Celsius above pre-industrial levels ac-

cording to the Paris agreement (UN, 2015a). If the measures of the ideal scenario were 

implemented, the share of bioenergy could increase by up to 16% and the share of renew-

ables in total could increase by up to 30% by 2040, while the share of fossil fuels would 

decrease to 59% and the total primary energy demand would decrease by 22% from the 

2012 demand. The IEA (2014) estimated that, depending on the scenario, the use of bio-

fuels can be expected to increase between three- and seven-fold by 2040. 

Biomass-based energy in its various forms has established its role as part of the European 

energy system. Figure 1.2 shows that bioenergy was the main source of renewable energy 

in the EU-28 in 2014, representing 8% of the total gross inland energy consumption. Fos-

sil fuels accounted for 73% of the energy consumption in the EU in 2014, less than the 

global average.  

 

Figure 1.2. The shares of energy sources of gross inland energy consumption in the EU-28 in 

2014 (Eurostat, 2016; SWD(2016) 418 final). Gross inland energy consumption includes con-

sumption by the energy sector, distribution and transformation losses, final energy consumption 

by end users and statistical differences, and excludes consumption of international maritime bun-

kers (Eurostat, 2013). 

Figure 1.3 shows that the majority of bioenergy (69.4%) in the EU was produced from 

solid biofuels, followed by biogas (11.6%), biodiesels (8.9%) and renewable municipal 
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waste (7.1%). Minor shares of bioenergy were produced from biogasoline (2%), other 

liquid biofuels (0.9%) and charcoal (0.1%). 

 

Figure 1.3. The shares of different bioenergy sources of gross inland bioenergy consumption (Eu-

rostat, 2016). Gross inland energy consumption includes consumption by the energy sector, dis-

tribution and transformation losses, final energy consumption by end users and statistical differ-

ences, and excludes consumption of international maritime bunkers (Eurostat, 2013). 

The advantage of bioenergy is that it can replace fossil fuels for all energy purposes: 

electricity production, heating and cooling energy production, and as a transportation fuel. 

Bioenergy is highlighted as beneficial in the EU policy because of its ability to contribute 

to the following developments (which are also applicable outside the EU):  
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 Reduction of greenhouse gas (GHG) emissions, compliance with international 

GHG reduction commitments, climate change mitigation (COM(2012) 60 final; 

COM(2016) 767 final); 

 reinforcement of energy security in Europe (COM(2016) 767 final) through en-

hancing availability of indigenous energy sources (COM(2006) 848 final) and 

reducing dependence on non-renewable resources (COM(2006) 848 final; 

COM(2012) 60 final); 

 creation of jobs (COM(2012) 60 final; (COM(2016) 767 final) for inclusive eco-

nomic growth (COM(2016) 767 final) and for regional development, especially 

in rural or isolated areas (2009/28/EC); 

 protection of the environment (COM(2016) 767 final); 

 improvement of human health (COM(2016) 767 final). 

Junginger et al. (2013) predicted that energy security and rural development benefits will 

become increasingly important in the future; however, at present, the main bioenergy 

drivers are climate change mitigation and the need to increase the share of renewable 

energy. The use of renewable energy, for which bioenergy currently represents the largest 

percentage, has been further acknowledged by researchers as an inevitable solution to 

solving pressing global sustainability challenges in contrast to non-renewable energy (Ke-

tola, 2010; Dyllick and Muff, 2016). For example, Shafiee and Topal (2009) predicted 

that fossil fuels, oil, gas and coal reserves will be depleted by 2040, 2042 and 2112 re-

spectively. The promotion of the use of renewable energy in production chains has been 

regarded as a prerequisite for businesses achieving corporate sustainability (Ketola, 2010; 

Shevchenko et al., 2016). 

In the EU, the actively developing renewable energy policy and targets are powerful driv-

ers of the bioenergy business. For example, the EU has a political priority of becoming a 

forerunner in renewable energy (COM(2016) 767 final). Another policy driver is the bi-

oeconomy strategy published in 2012; however, this does not include elaborate bioenergy 

targets (COM(2012) 60 final). Table 1.1 shows the EU climate and energy targets for 

2020 and 2030. A further target in the EU is the decarbonisation of the economy by 2050 

by reducing 80–95% of GHG emissions compared to 1990 levels (SWD(2016) 418 final). 
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Table 1.1. EU climate and energy targets for 2020 and planned targets for 2030 (COM(2014) 15 

final; COM(2014) 520 final; COM(2016) 761 final; COM(2016) 860 final; Directive (EU) 

2015/1513; Directive 2009/28/EC; Directive 2012/27/EU; EC, 2016a; EC, 2016b; EC, 2016c; 

EC, 2016d; EC, 2016e; EC, 2016f.) 

  Climate and 

Energy Package 

2009:  

20-20-20 targets 

by 2020 

Climate and 

Energy 

Framework 

2014: Planned 

40-27-27 targets 

by 2030 

Clean Energy 

for all 

Europeans 

Package 2016: 

Planned  

40-27-30 targets  

by 2030 
Reduction in GHG 

emissions 

20% compared to 

1990 levels 

40% compared to 

1990 levels 

40% compared to 

1990 levels 

Share of renewable 

energy of total EU 

energy consumption 

20% 27% 27% 

Share of renewable 

energy in the final 

energy consumption of 

EU transportation 

10% max. 7% 

from cereal, 

starch-rich crops, 

sugars, oil crops 

and from crops 

grown as main 

crops primarily 

for energy 

purposes on 

agricultural land 

    

Improvement of energy 

efficiency (energy 

savings) 

20% compared to 

the projected use 

of energy in 2020 

(binding 

measures) 

27% compared 

with the business-

as-usual scenario 

(indicative target) 

30% compared 

with the business-

as-usual scenario 

(binding target) 

 

The intended and on-going bioenergy expansion has raised concerns about the sustaina-

bility of bioenergy. These concerns relate to a number of factors including the tendency 

of biofuel and bioenergy production to compromise other essential resources, such as 

food, freshwater and land. Different sustainability principles, criteria and indicators have 

been established in legislation, standards, certification systems and research in response 

to the concerns about the sustainable management of the expansion of the bioenergy and 

bioenergy business. For example, the EU has established binding sustainability criteria 

for bioliquids and liquid and gaseous transportation biofuels in the renewable energy di-

rective RED (2009/28/EC) and proposed the extension of the application of the sustaina-

bility criteria to all forms of biofuels in the RED recast (RED II) (COM(2016) 767 final). 
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1.2 Research problem 

Corbière-Nicollier et al. (2011) stated that sustainability in the context of bioenergy sys-

tems has not been comprehensively defined and biofuel sustainability assessments do not 

have any generally accepted reference framework. Fundamentally, sustainability science 

requires a holistic research perspective and a system-analytical approach instead of a re-

ductionist approach, which assumes that parts of systems can be studied in isolation. Sev-

eral authors have recognised the need for more holistic sustainability assessments of bio-

energy systems (Buchholz et al., 2007; Purba et al., 2009; Sheehan, 2009; Dale et al., 

2013). So far, bioenergy sustainability research has taken the reductionist approach by 

concentrating primarily on environmental sustainability, especially greenhouse gas and 

energy balance (Buchholz et al., 2009; Cherubini and Strømman, 2011). Although these 

are necessary, they are not sufficient environmental or overall sustainability indicators 

(Liao et al., 2011; Maes and Van Passel, 2014). Dale et al. (2013) stated that the commu-

nication about the sustainability of bioenergy systems is often deficient, flawed and gen-

eralised due to the inadequate information that results from reductionist sustainability as-

sessments.  

The reductionist approach to sustainability has manifested in business in general through 

the focus on eco-efficiency, which disregards several prerequisites of holistic sustainabil-

ity and can even lead to an increase in detrimental environmental impacts due to the re-

bound effect (Dyllick and Hockerts, 2002; Korhonen and Seager, 2008; Bocken et al., 

2014). Furthermore, business sustainability approaches often concentrate on making in-

cremental or partial improvements to the existing strategy or creating isolated sustaina-

bility strategies instead of deliberating the fundamental assumptions of the business or-

ganisation and creating holistic sustainability strategies that are based on urgent societal 

and global sustainability challenges (Dyllick and Muff, 2016).  

The prevailing reductionist approach is deficient in that it neither produces information 

about the interactions and trade-offs in the bioenergy system nor helps avoid problem 

shifting (Sheehan, 2009). Sustainability dimensions and indicators are interdependent and 

interact with one another (Brose et al., 2010; Loorbach et al., 2010; Pülzl et al., 2012; 

Dale et al., 2013; Rettenmaier & Hienz, 2014). These interrelationships lead to both syn-

ergies and conflicts; for example, between the environmental and socioeconomic impacts 

(Diaz-Chavez, 2014). Consequently, as Brose et al. (2010) and Cherubini and Strømman 

(2011) stated, the evaluation and understanding of all the indirect impacts of bioenergy 

systems remain at an elementary level. Ketola (2010) and Dyllick and Muff (2016) stated 

that, despite the current (mainly eco-efficiency-oriented) sustainability efforts of compa-

nies, the state of the world in both environmental and social terms is deteriorating. 

Dyllick and Muff (2016) referred to a previous study by Montiel and Delgado-Ceballos 

in 2014 that found that the academic discussion on business sustainability remains at an 

early stage, and lacks consensus on a variety of areas including definition, scope and 

measures. However, research literature already provides some guidelines for a more ho-
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listic sustainability approach for business. Linnenluecke et al. (2009) stated that the ho-

listic understanding of sustainability would require simultaneous utilisation of both sus-

tainability dimensions and system analytical approaches. The sustainability dimensions 

traditionally include the environmental, social and economic dimensions (Dyllick and 

Hockerts, 2002). Furthermore, Lozano et al. (2015) added the time dimension to the sus-

tainability dimensions, which is important because trade-offs could occur along the tem-

poral dimension. Ketola and Salmi (2010) claimed to have published the first holistic 

sustainability life cycle assessment comparison of biofuels. In their research, the environ-

mental, social, cultural and economic sustainability impacts were considered simultane-

ously throughout the life cycles of different biofuels (Ketola and Salmi, 2010). The sys-

tem-analytical approach would consider bioenergy business as an interactive part of the 

bioenergy supply chain, life cycle, value network, the different levels of the business op-

erating environment (Linnenluecke et al., 2009; Ketola, 2010; Schaltegger et al., 2013) 

and as part of a network of different actors and stakeholders (Freeman et al., 2011). Buch-

holz et al. (2007) stated that, in contrast to a dynamic systems approach, an adaptive sys-

tems approach is suitable for approaching sustainability, which is a holistic and evolving 

concept, and for approaching bioenergy systems that evolve rapidly. Gasparatos et al. 

(2011) concluded that the sustainability of biofuels and the possible trade-offs associated 

with biofuels should be studied with regard to the simultaneous impacts biofuels have on 

ecosystem services and human wellbeing. However, they found that scientific literature 

on the link between biofuels, ecosystem services and human well-being is almost com-

pletely lacking (Gasparatos et al, 2011). This link is essential to understanding the sus-

tainability of biofuels according to the current sustainability paradigm, in which preser-

vation of ecosystem services is a prerequisite for human well-being and survival (Griggs 

et al., 2013). 

The bioenergy business sits at the focal point of the above sustainability discussion. Dif-

ferent driving forces affect the extent to which biofuel producers engage with sustaina-

bility issues. Aguinis and Glavas (2012), Papagiannakis et al. (2014) and Lozano (2015) 

found that legislative requirements are a powerful driver of corporate sustainability. This 

is certainly the case in the EU, where compliance with the mandatory sustainability cri-

teria for certain biofuels is already a standard business practice. However, because the 

mandatory sustainability criteria in the EU are currently rather sub-optimal, businesses 

tend to focus merely on compliance with the mandatory criteria and this undermines the 

extent to which bioenergy systems develop towards sustainability. Papagiannakis et al. 

(2014) found that, although legislation is a powerful driver of more sustainable business 

activities, focusing purely on achieving compliance could delay companies’ transitions 

towards sustainability, and they claimed that this is specifically an issue with strict legis-

lation. As such, the freedom the legislative sustainability criteria provide to businesses 

could be positive from the perspective of the sustainable development of bioenergy sys-

tems. Furthermore, stakeholders could be a powerful driver of business investment in 

sustainability (Aguinis and Glavas, 2012; Carballo-Penela and Castromán-Diz, 2014; 

Maletič et al., 2014; Lozano, 2015) and, as stated above, research advocates for more 

holistic sustainability assessment of bioenergy systems. The competitive environment and 
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economic opportunities (Carballo-Penela and Castromán-Diz, 2014) and improved repu-

tation (Aguinis and Glavas, 2012; Dyllick and Muff, 2016) are further drivers of sustain-

ability operations. Many companies have acknowledged that sustainability activities can 

result in reduced costs and risks (Dyllick and Muff, 2016). However, Baumgartner and 

Ebner (2010) found that sustainability strategies could have various impacts on costs; i.e., 

decreasing, increasing or keeping them constant. Many opportunities and freedoms re-

main for bioenergy business operators to voluntarily contribute to sustainability in a ho-

listic manner; however, taking advantage of these relies on insourced ethics and commit-

ted management (Carballo-Penela and Castromán-Diz, 2014). 

Ketola (2010) stated that, in general, business operators could play a significant role in 

quickly turning global developments towards sustainability because the quarterly time 

perspective they operate by entails they have the flexibility to make changes. In contrast, 

although legislation is a powerful sustainability incentive (Aguinis and Glavas, 2012; Pa-

pagiannakis et al., 2014; Lozano, 2015), political decision-making, let alone implemen-

tation, can take decades (Ketola, 2010). Such a timeframe could be insufficient with re-

gard to the most urgent sustainability threats. However, Dyllick and Muff (2016) recog-

nised that the short business time horizon could also be problematic with regard to sus-

tainability efforts, as the ideology of sustainable development views the world genera-

tions ahead (WCED, 1987). Bocken et al. (2014) and Shevchenko et al. (2016) stated that 

small-scale start-ups and other small companies are likely to develop the necessary radical 

sustainability innovations in the short term, while larger companies should subsequently 

scale-up such solutions in the long term (Bocken et al., 2014) or will be at risk of remain-

ing unsustainable (Shevchenko et al., 2016). In their study on corporate sustainability 

strategies, Baumgartner and Ebner (2010) found that, in general, instead of having a sus-

tainability strategy, many companies take an unorganised and unsystematic approach to 

managing sustainability issues. 

A further deficiency that researchers have identified in business attempts to enhance sus-

tainability is that the business operators rarely connect their attempts with macro-level 

sustainability challenges (Heikkurinen, 2013; Whiteman et al., 2013; Dyllick and Muff, 

2016) that are related to the planetary boundaries (Rockström et al., 2009; Steffen et al., 

2015). Businesses should explore their potential to contribute to solving the urgent sus-

tainability challenges contemporary society faces through their products, services and ac-

tivities (Whiteman et al., 2013; Dyllick and Muff, 2016). As above, the same deficiency 

applies to scientific literature that does not address the role of biofuels with regard to 

ecosystem services and human well-being (Gasparatos et al., 2011). 

Research literature presents companies with some ideas that apply to the transition of 

bioenergy systems towards sustainability. A long-term horizon should be adopted along-

side a short-term horizon in planning operations (Meadows et al., 2005; Loorbach et al., 

2010; Dyllick and Muff, 2016). Loorbach et al. (2010) suggested that companies should 

adopt a systems thinking approach. Because of the complexity and interconnectedness of 

sustainability issues, to better understand and innovate for sustainability, businesses 

should be able to see themselves as actors among their stakeholders in a co-evolutionary 
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system (Loorbach et al., 2010). For example, in their sustainability assessment of biobu-

tanol, Niemistö et al. (2013) concluded that the manufacturing process should not be con-

sidered in isolation from the surrounding society, and that the concept of value added in 

the operational environment is an important component of sustainability. Accelerating 

responsiveness to external signals about urgent sustainability challenges is essential 

(Meadows et al., 2005). Previous research has frequently approached ‘corporate sustain-

ability’ (CS) or ‘business sustainability’ through maturity models (Dyllick and Hockerts, 

2002; Baumgartner and Ebner 2010; Ketola 2010; Dyllick and Muff, 2016) and attempted 

to describe the path to sustainability excellence or “truly sustainable business” (Dyllick 

and Muff, 2016), in general. 

In summary, bioenergy business operators have an increasing need to know what they 

can do and how, and why they should strive for sustainability in the current context, in 

which the sustainability of bioenergy systems has not yet been comprehensively defined. 

A more holistic consideration of the sustainability of bioenergy systems is required be-

cause the traditional eco-efficiency approach businesses take to sustainability is insuffi-

cient in the face of pressing sustainability challenges. 

1.3 Research objective and questions 

The objective of this thesis is to generate insights into the prerequisites to develop holis-

tically sustainable bioenergy business. This thesis considers the following research ques-

tions: 

1. What sustainability themes, questions, methods and tools are related to the dif-

ferent approaches to sustainability that can be observed among bioenergy busi-

nesses? 

2. What role do the common bioenergy business approaches to sustainability play 

in the development of a holistically sustainable bioenergy business? 

3. What is the significance of sustainability in the local context in terms of the con-

tribution bioenergy businesses make to global sustainability? 

The first research question assumes that different approaches, mindsets or attitudes to 

sustainability exist between bioenergy business operators. To answer the first research 

question, there is a need to determine what approaches bioenergy operators could take to 

sustainability. Different sustainability themes, questions, methods and tools could subse-

quently be related to the approaches that are available. 

The second research question assumes that bioenergy business operators, similar to busi-

nesses in general, commonly adopt certain approaches to sustainability. To answer the 

second research question, there is a requirement to identify the common approaches to 

sustainability the bioenergy businesses take (based on the findings of the first research 

question). Thereby, answering the second research question should generate opportunities 
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to further develop the prevailing bioenergy business approaches to sustainability into a 

more advanced direction with regard to holistic sustainability.  

The third research question assumes that businesses should recognise their opportunities 

to holistically contribute to sustainability at the global level. To answer the third research 

question, there is a need to explore the connection between local or context-specific sus-

tainability and universal sustainability efforts.  

1.4 Research process 

This thesis is a compilation thesis (an article thesis) that consists of four publications that 

have previously been published in peer-reviewed scientific journals, and this summary 

(Sections 1–6). These publications were based on research conducted as part of the Sus-

tainable Bioenergy Solutions for Tomorrow (BEST) research programme coordinated by 

CLIC Innovation with funding from the Finnish Funding Agency for Innovation, Tekes, 

during the period 2013–2016. The final report of the research programme is available 

online (BEST, 2016). Publication I was a joint research effort by the author of this thesis, 

who received funding from the BEST programme, and Svetlana Proskurina, who received 

funding from the Fortum Foundation. Publication II and Publication III directly incorpo-

rated the BEST research findings. Publication III is an improved and extended version of 

a conference paper (Rimppi et al., 2015), in which the author of this thesis was the prin-

cipal author. Publication IV introduced the results of a subcontracting research study that 

was performed as part of the BEST programme (1st funding period) and was commis-

sioned by a Finnish bioenergy company.  

The research that was conducted during the first funding period of the BEST programme 

between 2013 and 2014 laid the foundation, produced most of the data and primarily 

contributed to the research outlined in this thesis. During the first funding period, the 

research was conducted in the “Enhanced business opportunities through securing sus-

tainability” work package and the “Creating a systematic approach for solving the overall 

sustainability challenge of biofuels” task. The research conducted as part of the BEST 

research programme during the period 2013–2014 proceeded in three consecutive steps, 

all of which had its own specific objectives and included a joint workshop for the research 

partners. The research conducted during the second funding period of 2015-2016 in the 

“Sustainability, health and safety” work package, “Sustainability” task, and “Sustainabil-

ity tools” sub-task focused on summarising, further classifying, and understanding the 

findings of the first funding period and evaluating them in the context of previous theo-

ries. Table 1.2 outlines the relation between the stages of the research and the relevant 

Publications. The Roman numerals noted beside the publication names indicate the chron-

ological order of publication. 
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Table 1.2. Publications at the different stages of research 

Research 

stages 

Cooperative 

research  

between S. 

Proskurina 

and BEST  

in 2015 

BEST research programme 

1st funding period  

(2013-2014) 

BEST  

research  

programme 

2nd funding 

period 

(2015-2016) 

Subcon-

tracting 

research  

in the 

BEST  

(2014-

2015) 

Step 1  

in 2013 

Step 2 

in 2014 

Step 3 

in 2014 

Publica-

tions 

Publication I 

in 2016 

Publica-

tion II  

in 2016 

      Publica-

tion IV  

in 2018 

Publication III in 2017 

 

The Publications incorporate just a part of the research conducted as part of the BEST 

research programme. However, the research conducted within the BEST research pro-

gramme in its entirety is likely to have contributed to this thesis. Thus, it is necessary to 

disclose all the related research work in the BEST research programme. Table 1.3 pre-

sents the research questions or objectives, methods and case studies in the BEST research 

programme. Table 1.4 summarises the research questions, methods and case studies of 

the publications. This thesis includes part of the research results introduced in the Publi-

cations. Section 3 discusses the materials, methods and case studies of this thesis in more 

detail. 
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Table 1.3. Research in the BEST research programme 

BEST research programme (2013-2014) BEST  

research  

programme  

(2015-2016) 

Step 1 in 2013 Step 2 in 2014 Step 3 in 2014 

Research question  Objective 

What are the  

currently relevant 

sustainability  

indicators and 

tools for  

bioenergy  

companies? 

What are the relevant 

sustainability questions 

in three cases of bioen-

ergy production chains 

and how can a bioenergy 

company identify the 

right questions? 

How can defensive 

and proactive stra-

tegic company ap-

proaches to sustain-

ability of bioenergy 

systems be defined 

and which methods 

or tools for sustain-

ability management 

can a bioenergy 

company apply in 

these different ap-

proaches? 

Summarising, 

further  

classifying, 

putting in the 

context of  

previous theo-

ries, and  

understanding 

the findings of 

Steps 1–3 

Data collection method: Workshop 

Workshop 1 Workshop 2 Workshop 3 - 

Data collection method: Literature review 

Definition of an 

indicator, PCI 

theories; Com-

mon sustainabil-

ity themes and 

PCI for bioenergy 

systems in steer-

ing and research. 

Available sustainability 

methods and tools;  

Local conditions and 

sustainability challenges 

potentially affected by 

bioenergy production in 

Brazil, China and India. 

Maturity of  

company  

approaches to  

sustainability. 

- 

Case studies 

Finnish bioenergy 

experts’  

perspectives of  

relevant  

sustainability  

criteria and  

indicators of  

bioenergy  

systems. 

Sugarcane biobutanol 

production in Brazil by 

ABE fermentation and 

import into the EU mar-

ket; agricultural by-prod-

ucts and wood waste gas-

ification in China using 

technology exported 

from Finland; waste and 

energy wood to CHP in 

India using technology 

exported from Finland. 

Sugarcane  

biobutanol  

production in  

Brazil by ABE  

fermentation and 

import into the EU 

market. 

- 
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Table 1.4. Research included in the Publications 

Publication I Publication II Publication III Publication IV 

Research question/objective 

To map the condi-

tions for the future 

development of 

wood pellet trans-

portation by sea 

from the north-west 

of Russia to Eu-

rope. 

To build a view of 

the bioenergy oper-

ators’ perspectives 

of the sustainability 

criteria and indica-

tors in bioenergy 

systems and to 

compare them with 

the current bioen-

ergy sustainability 

criteria and indica-

tors in the bioen-

ergy legislation in 

the EU, interna-

tional and Euro-

pean standards, and 

research literature. 

To characterise 

the maturity lev-

els of corporate 

responsibility for 

sustainability in 

the context of bio-

energy systems 

and biofuel pro-

ducers and to out-

line an approach 

bioenergy busi-

nesses can follow 

at the most ma-

ture level of cor-

porate responsi-

bility for sustaina-

bility. 

What strategies do 

biofuel producers 

employ to ensure 

compliance with leg-

islative sustainability 

requirements in the 

EU?/To systemati-

cally classify and an-

alyse the strategies 

biofuel producers 

use to ensure com-

pliance with EU leg-

islative requirements 

that relate to the sus-

tainability of biofu-

els. 

Data collection method: Workshop 

- Workshop 1 Workshop 2 and 

Workshop 3 

- 

Data collection method: Literature review 

Publication I is a 

review article. 

Common sustaina-

bility themes and 

PCI of bioenergy 

systems in steering 

(5 references) and 

research (9 refer-

ences) literature. 

- Maturity of company 

approaches to legis-

lation; legislative 

documents related to 

sustainability re-

quirements for bio-

fuels in the EU. 

Case studies 

Logistical, eco-

nomic, environ-

mental and regula-

tory conditions of 

wood pellet trans-

portation from  

Russia to Europe 

through the north-

western seaports of 

St. Petersburg, Ust-

Luga and Vyborg 

Finnish bioenergy 

experts’ perspec-

tives of relevant 

sustainability crite-

ria and indicators 

of bioenergy sys-

tems. 

Sugarcane biobu-

tanol production 

in Brazil by ABE 

fermentation and 

import into the 

EU market. 

Legislative sustaina-

bility requirements 

for biofuels applica-

ble to biofuel pro-

ducers in the EU. 
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1.5 Scope 

The scopes of the Publications are fully representative of the scope of this thesis. Table 

1.5 outlines the scope of each Publication and the general scope of the summary part of 

this thesis (Sections 1–6). 

Table 1.5. Scope of the Publications and the thesis summary 

  

Publication Thesis 

summary I II III IV 

Geographical 

scope of  

biofuel  

production 

Russia Undefined, but 

biofuel  subject 

to EU RED 

sustainability 

criteria (if ap-

plicable) 

Brazil The EU Global 

Biofuel  

market area 

Europe The EU The EU The EU 

Temporal 

scope 

Present, 

future 

Past, present, 

future 

Present,  

future 

Past,  

present, 

future 

Past,  

present, 

future 

Feedstock Wood  

biomass 

Agrobiomass, 

forest biomass, 

aquaculture, 

biowaste 

Sugarcane Undefined All  

feedstocks 

Biofuel Wood  

pellets 

Solid, gaseous 

and liquid  

biofuels 

Biobutanol 

(bioliquid) 

Bioliquid Solid,  

gaseous 

and liquid 

biofuels 

End-use  

of energy 

Heat and 

power 

All end-uses Transport All  

end-uses 

All  

end-uses 

Which  

operator's 

perspective 

in the  

bioenergy 

supply chain 

Biofuel 

producer 

Biofuel  

producer,  

Technology 

provider,   

Bioenergy  

producer 

Biofuel  

producer 

Biofuel 

producer 

Biofuel 

producer 

Biofuel in  

relation to the 

RED  

sustainability  

criteria 

Out of 

scope of 

the RED, 

in the 

scope of 

the RED II 

Partly in the 

scope of the 

RED, fully in 

the scope of 

the RED II 

In the scope 

of the RED 

In the 

scope of 

the RED 

Partly in 

the scope 

of the 

RED, 

fully in 

the scope 

of the 

RED II 
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This thesis simply uses the term biofuel to refer to all biomass-based fuels of solid, liquid 

and gaseous form for all purposes including transportation and other energy uses such as 

electricity, heating and cooling production irrespective of conversion technology (see col-

umn Thesis summary and row Biofuel in Table 1.5) It is worth noting that the EU legis-

lation uses different terminology. The last row in Table 1.5 has been created according to 

the definitions of EU legislation, i.e., the RED and RED II. Table 1.6 shows which bio-

fuels are included in the scope of the RED and RED II and the corresponding terminology.  

Table 1.6. Forms and applications of different biofuels according to the RED and RED II proposal 

(2009/28/EC; COM(2016) 767 final) 

Legislative document Term Form Application 
Current (RED) Biofuel Liquid and  

gaseous 

Transport 

Future  

(RED II proposal) 

Liquid Transport 

Current (RED)  

and Future  

(RED II proposal) 

Bioliquid Liquid Energy uses other than 

transport, such as electricity, 

heating, cooling 

Future  

(RED II proposal) 

Biomass 

fuel 

Solid and  

gaseous 

Undefined 

Future  

(RED II proposal) 

Biogas Gaseous Undefined 

 

The selection of the bioenergy operator in the supply chain, from the perspective of which 

the research is conducted, is crucial. While the importance of the activities and efforts of 

any operator cannot be diminished as contributors to the much-needed sustainability rev-

olution of society (Meadows et al., 2005), the responsibility and power to influence the 

bioenergy system varies between different operators within the supply and value chain in 

legal terms and with regard to stakeholder interest.  

For the purposes of this thesis, the research was limited to the perspective of an interna-

tionally operating biofuel producer that supplies the end product (biofuel) to the EU mar-

ket. The scope includes biofuel producers that partly or wholly define their business 

through the production of biofuels as the main product or as a by-product, and that are 

legally responsible for the biofuel product. The scope is applicable to forest industry op-

erators that produce bio-based products, biofuels and bioenergy. Typically, part of the 

biofuels is supplied to the market and part is utilised for the production of bioenergy 

within the forest industry. Similarly, part of the bioenergy is supplied to the market and 

part is used for industrial purposes. Therefore, the perspective of bioenergy producers is 

included in this thesis if applicable. The scope of the thesis excludes technology providers 

(for example, operators that provide biofuel and bioenergy production processes with 

technological solutions), although they are included in Publication II. 
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The producer of the end product is often responsible for verifying compliance with legis-

lative requirements as a representative of the whole biofuel supply chain (2010/C 160/01). 

Thus, the biofuel producer is responsible for, and has the power to, influence the sustain-

ability activities of the supply chain in its entirety. This burden of verification applies to 

a range of regulations; for example, the sustainability criteria for biofuels set out in the 

RED (2010/C 160/01). Furthermore, in the case of the RED, the compliance or non-com-

pliance with the sustainability criteria defines whether the energy that is produced from 

biofuels in the scope of the RED is considered to be compliant with the requirements of 

the RED concerning national targets and measuring compliance with renewable energy 

obligations and whether the biofuel consumption is eligible for financial support 

(2009/28/EC). In other words, whether biofuels are compliant or non-compliant with the 

sustainability criteria determines whether the product falls into the category of biofuel, 

bioenergy and renewable energy in the first place. 

According to González-Benito and González-Benito (2006), external stakeholder groups 

put more pressure on the producers of end products than they do on the other operators in 

the supply chain, such as the subcontractors. Consequently, environmentally proactive 

behaviour is more common among end-producers. This thesis concentrates on interna-

tionally operating biofuel producers; as such, broader internationalisation is another pre-

dictor of greater environmental proactivity. In practice, this thesis focuses on large com-

panies, as company size is another predictor of proactive endeavours and likely relates to 

the degree of internationalisation. (González-Benito and González-Benito, 2006.) If it is 

assumed that the proactive behaviour could apply to other dimensions of sustainability 

along with the environmental responsibility biofuel producers represent ideal candidates 

for any research that aims to study sustainability activities within the bioenergy business.  

The scope of this thesis does not restrict the type of biofuel, its feedstock or its end-use. 

All liquid, gaseous and solid biofuels for all transportation and heating, cooling and elec-

tricity production purposes are included in the scope. The Publications defined the afore-

mentioned aspects in their scopes; however, the aim of this thesis is to summarise the 

results at a general level. 

Figure 1.4 shows biofuel producers (highlighted with grey) in the context of different 

supply chains that aim to provide users with bio-based products and energy. Although the 

focus of this thesis is on biofuels, the biofuel, biomass-based product, food and fodder 

systems are inextricably linked, as they compete for resources, and this is noteworthy in 

sustainability considerations. Figure 1.4 is indicative in that it presents only straightfor-

ward supply chains. In practice, as described above, some operators simultaneously pro-

duce biomass-based products, biofuels and bioenergy; for example, forest industry oper-

ators. Furthermore, small-scale bioenergy producers are often small-scale bioenergy us-

ers. Large-scale biofuel and bioenergy producers could simultaneously be wholesalers or 

retailers. These different operations could be included in different divisions of the corpo-

ration. 
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Figure 1.4. Bio-based product and energy supply chain operators (dashed line = technology sup-

ply chain) 

1.6 Thesis structure 

This thesis is a compilation thesis (an article thesis) that outlines the main findings of four 

Publications and the overall summary that spans Sections 1–6 and references. 

Section 1 contains the thesis introduction and presents an overview of the topic and its 

importance, introduces the research objective and questions, explains how the research 

was conducted, briefly introduces the research methods employed and states the contri-

bution each Publication made to this thesis.  

Section 2 presents the theoretical foundation and position of this thesis with regard to 

previous research. 

Section 3 outlines the materials, methods and case studies; discusses the data and the 

methods that were employed to collect and analyse this data; and evaluates the quality of 

the methods utilised. Furthermore, the section discusses the role case studies played in 

the research. 

Section 4 outlines the main results of the four Publications included in this thesis. 
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Section 5 contains the discussion and analyses the results within the context of the re-

search questions of this thesis, compares the results to existing knowledge and evaluates 

the theoretical and practical implications of the results, the limitations of the results, and 

the overall quality of the research. 

Section 6 presents the conclusion, states the contribution the thesis could make to existing 

knowledge and outlines recommendations for further research. 
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2 Theoretical foundation 

This section presents the theoretical foundation upon which this thesis is built. Since the 

concepts of sustainable development and sustainability (in relation to bioenergy business) 

are at the core of this thesis, and the concepts are widely debated and diverse within the 

scientific community, this section commences by examining the key theories from a gen-

eral perspective. It will then progress to examine the concept of sustainability in the con-

text of business, and corporate responsibility for sustainability and maturity levels of the 

responsibility in more depth. The section concludes with a discussion on the position of 

biofuels and bioenergy with regard to sustainable development. 

2.1 Sustainable development 

Klöppfer and Grahl (2014) reported the first use of the term sustainable (‘nachhaltig’ in 

German) in a forestry book entitled ‘Sylvicultura Oeconomica’ in 1713. The definition of 

sustainable forestry they presented simply stated: No more wood should be logged than 

regenerates (Klöppfer & Grahl, 2014) and this basic notion holds to this day. The more 

commonly applied definition of sustainable development was presented in the 1987 

United Nations World Commission on Environment and Development (WCED) report 

‘Our Common Future’ (aka the Brundtland report), as follows:  

“Sustainable development is development that meets the needs of the present 

without compromising the ability of future generations to meet their own 

needs” (WCED, 1987).  

Following the WCED report, the concepts of sustainable development and sustainability 

attracted immediate interest from researchers and initiated the emergence of a new field 

of research: sustainability science. For example, Wikström (2010) highlighted that 

Pearce, Markandya and Barbier described over 40 definitions for sustainability in their 

book ‘Blueprint for a Green Economy’ in 1989. Scientists have continually asserted that 

sustainability science is continually evolving and that many unanswered questions remain 

(Buchholz et al., 2007; Dale et al., 2013). Figure 2.1 depicts the drastic increase in the 

number of scientific documents published between 1970 and 2016 that incorporated ei-

ther the term sustainability or sustainable development in the article text, abstract, title, 

or keywords. The number of scientific documents published each year was determined 

by searching the peer-reviewed scientific abstracts and citations (Elsevier, 2017a) of ar-

ticles contained in the Elsevier Scopus database (Elsevier, 2017b) using the search term 

‘sustainability’ or ‘sustainable development’. All subject areas and all document types 

were included in the search. The results reveal that the increase in articles that address 

sustainability or sustainable development is evident since the publication of the Brund-

tland report in 1987, and the most significant increase can be observed in the 21st century. 
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Figure 2.1. The development of the number of scientific documents published each year between 

1970 and 2016 that incorporate the term ‘sustainability’ or ‘sustainable development’ in the article 

text, abstract, title or keywords. The Elsevier Scopus database (Elsevier, 2017b) was searched for 

all subject areas and all document types on January 24, 2017.Adapted from: Linton et al., 2007.) 

The definition of sustainable development led to the emergence of the paradigm of three 

pillars of sustainable development: environmental, social and economic. Currently, sus-

tainability science is experiencing a paradigm shift. In the new paradigm of sustainable 

development, as opposed to viewing the three pillars of environmental, social and eco-

nomic sustainability as being equal, the role of the Earth as a life-supporting system is 

emphasised, and sustainable development is considered to be a “nested concept” (Griggs 

et al., 2013). That is, human society’s dependence on the Earth as a basic life support 

system is acknowledged, and the economy serves society. Respectively, Griggs et al. 

(2013) suggested a new definition of sustainable development: 

Sustainable development is “[d]evelopment that meets the needs of the pre-

sent while safeguarding Earth’s life-support system, on which the welfare of 

current and future generations depends” (Griggs et al., 2013). 

This new definition of sustainable development was based on the idea that the Earth’s 

life-support system has limits in terms of its capacity, and these limits must not be ex-

ceeded (Griggs et al., 2013). The idea of the physical limits of the life-support system is 

not new. The Limits to Growth published in 1972 addressed the planetary boundaries for 

economic growth (Meadows et al., 2005). The pursuit for constant economic growth as a 

prerequisite for prosperity has already driven human activities beyond the safe planetary 

boundaries (Jackson, 2009). Furthermore, the ideology of strong sustainability has incor-

porated the limits of sustainable activities (Hediger, 1999). The planetary boundaries 

(Rockström et al., 2009; Steffen et al., 2015) set the absolute limits for any societal system 
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and human activities to remain sustainable–“the safe operating space of humanity” 

(Rockström et al., 2009). This thesis relies on, and adopts, the idea of planetary bounda-

ries, and further applies the idea at the level of a local environmental ceiling and the car-

rying capacity of ecosystems. The thesis does not aim to evaluate the categorisation or 

quantification of the planetary boundaries in-depth. Rockström et al. (2009) suggested 

that, in the current time of the Anthropocene, human activity has become the main driver 

of global environmental change and threatens the stability of the Earth’s systems. They 

also stress that stability was a characteristic of the previous era, the Holocene. Table 2.1 

presents the nine Earth system processes for which a planetary boundary (a threshold 

value) was first determined by Rockström et al. (2009) and subsequently updated by Stef-

fen et al. (2015). Rockström et al. (2009) suggested that the planetary boundaries related 

to the rate of biodiversity loss, the nitrogen cycle and climate change have been exceeded, 

and Steffen et al. (2015) added interference with the phosphorus cycle and land-system 

change to the exceeded planetary boundaries. Bioenergy systems directly or indirectly 

(by, for example, replacing other energy production options) contribute to all the Earth 

system processes by either mitigating or accelerating them. 

Table 2.1. The Earth system processes 

Earth system processes 

(Rockström et al., 2009) (Steffen et al., 2015) 

Climate change Climate change 

Rate of biodiversity loss Change in biosphere integrity 

Stratospheric ozone depletion Stratospheric ozone depletion 

Ocean acidification Ocean acidification 

Biogeochemical flows (phosphorus and 

nitrogen cycles) 

Biogeochemical flows (interference with 

phosphorus and nitrogen cycles) 

Land-system change Land-system change 

Global freshwater use Freshwater use 

Atmospheric aerosol loading Atmospheric aerosol loading 

Chemical pollution Introduction of novel entities 

 

Building on the simultaneous respect for planetary and human well-being, Raworth 

(2012) suggested that the normative (maximum) planetary boundaries should be comple-

mented by considering the normative minimum social boundaries that are based on hu-

man rights. That is, simultaneously to operating within the environmental boundaries, 

sustainable human activities should take into account the social foundation for human 

well-being. Thus, the planetary boundaries and social foundation determine the safe and 

just operating space of humanity. (Raworth, 2012.) The human rights and social founda-

tion are essentially founded in human needs, and these have been studied in depth; for 
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example, by Maslow and Max-Neef. Heijungs et al. (2014) have applied this idea by ex-

ploring opportunities to enjoy a good life within planetary boundaries, and concluded that 

there was a pressing need to reduce the affluence of richer countries. 

Analogically to the combination of the planetary boundaries and the social foundation, 

the life cycle assessment (LCA) community refers to the environmental and social bound-

aries as the ultimate (end-point) safeguard subjects or areas of protection (AoPs), which 

commonly include the following: 

1. Quality of the natural environment 

2. Natural resources 

3. Man-made environment 

4. Human health 

5. Human dignity and well-being  

(Bare and Gloria, 2006; Dreyer et al., 2006; Jørgensen et al., 2008; Finnveden et al., 2009; 

Van Hoof et al., 2013; Hayashi et al., 2014). 

2.2 Sustainability 

The definition and concept of sustainability has long been debated within the scientific 

community (Hediger, 1999; Christen and Schmidt, 2012). So far, no all-encompassing or 

consensual definition of sustainability exists. Because of this arbitrariness, there is a dis-

tinct requirement to position this thesis in relation to sustainability. Sustainability is a 

cross-sectional concept that is influenced by several disciplines (Hediger, 1999; Bentsen 

and Felby, 2013). At least three perceptions of sustainability can be discussed: whether 

sustainability is weak or strong (relative or absolute/universal), normative or neutral, and 

open or closed. These interrelated perceptions are discussed below. 

2.2.1 Strong or weak – absolute (universal) or relative sustainability 

Scientific literature commonly identifies the strong and weak conception of sustainability. 

Analogically, in the context of corporate sustainability, Ketola (2010) employed the terms 

absolute or universal sustainability (for strong sustainability) and relative sustainability 

(for weak sustainability). Hediger (1999) further distinguished between very weak and 

very strong sustainability. Fundamentally, strong sustainability and weak sustainability 

represent a confrontation between environmental conservation aims and economic 

productivity aims (Hediger, 1999). 

Weak or relative sustainability allows sustainable economic growth (Hediger, 1999; Ke-

tola, 2010). In weak or relative sustainability, the recognition of critical natural capital is 

restricted; that is, natural capital can be substituted by human capital at a large rate (Arias-

Maldonado, 2013; Heikkurinen, 2013). Natural capital implies, for example, ecosystem 
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services (Hediger, 1999; Arias-Maldonado, 2013), while human capital implies, for ex-

ample, technological solutions (Ketola, 2010). However, Hediger (1999) stated that weak 

sustainability would acknowledge non-consumptive, immaterial values; for example, the 

important role the environment plays in delivering public good. Dyllick and Hockerts 

(2002) extended the discussion about the substitutability of capital by referring to the 

substitutability of social capital. They argued that monetary compensation (economic 

capital) substitutes stakeholders’ dissatisfaction only to a certain limit (Dyllick and Hock-

erts, 2002). Heikkurinen (2013) argued that weak sustainability in corporate responsibil-

ity and strategy does not contribute to sustainable development. However, extrinsic re-

sponsibility and economic instrumentalism, with a focus on stakeholders’ material wel-

fare (Ketola, 2010), which is based on weak sustainability, remains the approach that 

companies typically take to sustainability and corporate responsibility (Heikkurinen, 

2013).    

To make a valid contribution to sustainable development, companies need to take a strong 

sustainability approach (Heikkurinen, 2013). Strong or absolute sustainability adopts sys-

temic thinking and the paradigm of sustainable development, which recognises that soci-

ety and the economy are dependent subsystems of the environment, and, thus, respects 

the planetary boundaries (Hediger, 1999; Heikkurinen, 2013). That is, strong or absolute 

sustainability acknowledges critical natural capital (Arias-Maldonado, 2013) and adopts 

the ecosystem principle, by which the resilience of ecosystems is respected (Hediger, 

1999). The acknowledgement of critical natural capital seems logical because some 

changes to the natural capital, such as biodiversity loss, are irreversible (Dyllick and 

Hockerts, 2002). Furthermore, Dyllick and Hockerts (2002) extended the acknowledge-

ment of critical capital to social capital and other aspects; for example, cultural diversity. 

Strong or absolute sustainability abolishes quantitative economic growth (Ketola, 2010). 

Instead of economic growth, strong or absolute sustainability concentrates on qualitative 

improvements to the well-being of humans and nature, and incorporates the idea of suf-

ficiency and sufficient profits (Ketola, 2010). 

From an ethical perspective, relative sustainability advocates context-specific ethics; that 

is, if something is allowed locally, it is considered acceptable. Absolute or universal sus-

tainability advocates universal values and ethics that are valid independent of context. 

(Ketola, 2010.) The relativist stance to ethics would allow, for example, moving polluting 

industries from areas in which environmental legislation is more stringent to an area in 

which such legislative requirements do not exist and, as such, the industrial activity can 

legally continue without the need to invest in emission reduction technology. Arias-Mal-

donado (2013) argued that a society defines sustainability based on its culture and nature 

on a case-by-case basis. Thus, strong and weak sustainability are strongly linked to the 

concepts of closed and open sustainability that are discussed in more detail below. 

The spatial scale of sustainable development is an interesting question in the field of 

strong and weak/absolute and relative sustainability. Should sustainable development 

only be considered on a planetary scale, or can smaller geographical units, such as coun-
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tries, be said to develop sustainably? And do planetary and national sustainable develop-

ments contribute to the same state of planetary sustainability or does national sustainabil-

ity exist? The planetary boundaries represent the absolute boundaries for safe human ac-

tivities and universal human needs and human rights (the social foundation) represent the 

absolute boundaries for just human activities (Raworth, 2012). Although Raworth (2012) 

and Dearing et al. (2014) suggested that both the physical planetary limits and the social 

foundation for sustainability can be applied at a regional level, local conditions represent 

the relative sustainability approach. 

Another question relates to whether sustainability assessments based on the ideology of 

relative sustainability should be conducted. Heijungs (2014) stated that, because absolute 

environmental boundaries can be established, the environmental sustainability of isolated 

activities cannot be decided. The UN (2008) argued that sustainable development should, 

and could, be measured on different levels; for example, nations and supra-national 

groups, such as the EU. Christen and Schmidt (2012) and Dale et al. (2013) argued that, 

because societies and nature are dynamic systems, it is inadequate to aim at a single and 

fixed sustainable development target. Christen and Schmidt (2012) warned of the dangers 

of a temporal view that was too short, since achieving present goals does not necessarily 

suffice in the future. Furthermore, the local environmental problems can be compelling. 

For example, although the planetary boundaries for freshwater use have not yet been ex-

ceeded globally (Rockström et al., 2009; Steffen et al., 2015), some regions suffer from 

severe water scarcity (Raworth, 2013). The assimilation capacity of the receiving system 

of an emission should be considered, since exceeding emission thresholds in a system 

close to its carrying capacity can have irreversible effects on the system (Dyllick and 

Hockerts, 2002). 

2.2.2 Normative or neutral sustainability 

Arias-Maldonado (2013) defined sustainability as any relationship between the society 

and the environment that is balanced enough to be maintained indefinitely. Arias-Maldo-

nado (2013) added to this by describing how sustainability, in itself, does not define how 

such balance is reached and what is to be sustained. As such, it is a neutral concept. The 

normative dimension of sustainability arises when society makes subjective value-based 

judgements about what is to be sustained, how, and for and by whom (Arias-Maldonado, 

2013). Popp et al. (2001) and Rametsteiner et al. (2011) found that sustainability is a 

normative concept according to the basic notion that there is a need to decide, usually by 

politics, what to sustain. Hediger (1999) remarked that the trade-offs that are often dis-

cussed in the context of sustainability fundamentally arise from the possibly conflicting 

interests associated with the normative approach. In the context of bioenergy systems, it 

is common to create lists of sustainability criteria, both in politics (2009/28/EC) and re-

search (McBride et al., 2011; Dale et al., 2013). Gasparatos et al. (2011) (in agreement 

with Publication II) stated that concentrating on individual simplified lists of criteria 

could result in the loss of information about important interrelations in the bioenergy sys-

tems and that this approach was not the preferred holistic approach to sustainability. 
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2.2.3 Open or closed sustainability 

Open sustainability is based on the idea that sustainability is a social construct. Instead of 

a single sustainability or theory of sustainability, a range of possibilities and theories ex-

ist. Open sustainability is democratic and open to public debate and development. (Arias-

Maldonado, 2013.) Buchholz et al. (2007) stated that engaging stakeholders in decision-

making processes is essential for the sustainable development of bioenergy systems, and 

that bioenergy systems tend to fail if the concerns of stakeholders have not been ad-

dressed. Similarly, Dale et al. (2013) advocated for open sustainability in the context of 

bioenergy in which stakeholder priorities affect sustainability together with changing con-

ditions and knowledge. Thus, the outcome, sustainability, is determined by the participa-

tory process. Buchholz et al. (2007) described bioenergy systems as adaptive systems, the 

evolution of which is unpredictable due to several paths to several optima. The idea of 

open sustainability relates to relative sustainability. 

Closed sustainability has a predetermined outcome and cannot be influenced by demo-

cratic, participatory processes. Closed sustainability is comparable to strong sustainability 

with regard to its eco-centric orientation, instead of society orientation, the non-substitut-

ability of natural capital and the insistence on transformation of the current socio-eco-

nomical system. (Arias-Maldonado, 2013.) 

2.3 The sustainability of business 

This section explores the concept of sustainability in the context of business. It discusses 

the boundaries of sustainable business, defines corporate responsibility for sustainability 

and describes the developments in the maturity of corporate responsibility for sustaina-

bility. 

2.3.1 Absolute environmental and social boundaries of sustainable business 

As explained above, any human activities, including commercial undertakings, have ab-

solute physical limits that are determined by the carrying capacity of the environment. 

Furthermore, business activities should not violate human well-being; instead, they 

should enhance the social foundation for good life. Figure 2.2 shows that, to be sustaina-

ble, respectively to any human activity, a business should locate between the environ-

mental ceiling and social foundation (Raworth, 2012). Ketola (2010) suggested that cor-

porate sustainability (CS) is a subsystem of the ecosystem and social sustainability. Social 

sustainability requires socioeconomic responsibility. Whiteman et al. (2013) noted that 

ideas related to how the growth of businesses is limited by the Earth support system are 

relatively novel in organisational science. 
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Figure 2.2. Sustainable business occurs within the boundaries set by the environmental limits and 

social foundation (adapted from the work of Ketola, 2005; Rockström et al., 2009; Raworth, 2012; 

Heikkurinen, 2013; Steffen et al., 2015; Publication III). 

2.3.2 Economic boundaries of sustainable business 

Literature includes controversial views about the business economic boundaries of sus-

tainable business and the extent to which the boundaries are absolute or relative. A jux-

taposition occurs, for example, between economists and sustainability scientists. 

The prevailing absolute view is that the purpose of business is to produce profits for the 

shareholders (owners). Shareholders expect a certain return on the capital they have in-

vested in the company. The chief executive officer (CEO) of a company appointed by the 

board of directors (selected by the shareholders) is accountable to the shareholders and 

responsible for the profits. If the CEO were to use the shareholders’ assets for purposes 

other than maximising the long-term value of these assets, his or her behaviour would be 

unethical. (Friedman, 1970; The Economist, 2005b.) 

In practice, this fundamental assumption guides the conduct of most contemporary com-

panies. Although this is the current business reality, it is noteworthy that the traditional 

profit maximisation view of the purpose of business is the reason for the prevailing re-

ductionist eco-efficiency approach to sustainability that can be observed among busi-

nesses. As discussed in Section 1.2, the eco-efficiency approach is not sufficient to holis-

tically solve urgent global sustainability challenges (in contrast, businesses are not aware 

of their global contribution) and the state of the world is deteriorating in both social and 

environmental terms (Ketola, 2010; Dyllick and Muff, 2016). The business economic ori-

entation further leads to the phenomenon that companies prioritise business economic 

objectives over sustainability objectives. For example, Lintukangas et al. (2016) found 

that environmental efforts are superseded by economic objectives during economically 

challenging times. 
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Sustainability-oriented scientists acknowledge that businesses have business economic 

boundaries that need to be respected for a business to remain in the market in the long 

term and to achieve sustainability (Baumgartner and Ebner, 2010; Ketola, 2010). How-

ever, they also suggest that the production of profits for the shareholders is not the main 

purpose of sustainable business (Ketola, 2010). A sustainable business creates value for 

the society and the planet; for the common good as opposed to private good (Dyllick and 

Muff, 2016). 

Neither unprofitable nor over-profitable businesses are sustainable. That is, a high re-

sponsibility for business economic sustainability implies sufficient profits rather than 

maximal profits. (Ketola, 2010.) According to Ketola (2010), in sustainable business 

“[s]ome profits are needed to secure the continuity of the business, give some return on 

the owners’ stake, make environmental and sociocultural investments, invest in biodiver-

sity and give donations to charities”. While the environmental and social boundaries of 

sustainable business are absolute, the business economic boundaries are determined by 

the business operators themselves (Ketola, 2010), and are, therefore, relative.  

According to Shevchenko et al. (2016), businesses should consider the risks of being un-

sustainable, and the sustainability actions should be considered from the perspective of 

whether a company will survive rather than from the perspective of whether the change 

is profitable (Shevchenko et al., 2016). Global developments can play a major role in the 

survival of a business. 

2.3.3 Corporate responsibility, social responsibility and sustainability 

Business research is rich in concepts related to corporate responsibility (CR), corporate 

social responsibility (CSR), and corporate sustainability (CS). A closer look at scientific 

literature reveals that no unambiguous consensus exists regarding the concepts CSR and 

CS (Freeman et al., 2011; Sarvaiya and Wu, 2014), let alone sustainability (Hediger, 

1999; Christen and Schmidt, 2012). This section discusses CSR and CS and explains the 

concept of ‘corporate responsibility for sustainability’ that is employed in this thesis. The 

discussion about corporate responsibility is included in the discussion about CSR and CS. 

CSR first emerged as a formal concept in the 1950s (Sarvaiya and Wu, 2014), was sig-

nificantly developed in the 1960s and 1970s (Freeman et al., 2011) and became general 

during the 1970s and 1980s (Montiel, 2008). So far, a consensual definition has not been 

reached among scientists (Sarvaiya and Wu, 2014). Freeman et al. (2011) referred to pre-

vious research that has found CSR has lost its meaning due to overuse. For example, a 

review of 588 journal articles and 102 books by Aguinis and Glavas (2012) revealed the 

extent of the CSR literature and the nuances of CSR.  

CSR has traditionally included a consideration for the well-being of the society from a 

philanthropic perspective as well as for the social consequences of business decisions 

(Sarvaiya and Wu, 2014). Company philanthropy has, however, also been criticised as 

being nothing more than charitable actions taken by the company managers at the expense 
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of the organisation’s private owners (The Economist, 2005c). Stakeholder theory plays a 

significant role in CSR (Freeman et al., 2011; Sarvaiya and Wu, 2014). Freeman et al. 

(2011) suggested that the motivation of CSR could be addressed from the perspective of 

company stakeholder responsibility or corporate social responsiveness, of which both 

concepts refer to stakeholder inclusion. Historically, the ideology of CR developed from 

a shareholder-centred classic ideology that aims to produce profits for shareholders 

(shareholder responsibility) towards stakeholder ideology in which the needs, require-

ments and expectations of a broader stakeholder base are considered (stakeholder respon-

sibility) (Ketola, 2005). Dyllick and Hockerts (2002) and Sarvaiya and Wu (2014) stated 

that socially sustainable companies take responsibility for advancing the well-being of 

both the internal stakeholders, such as employees, and the external stakeholders, such as 

the society at large. According to this social dimension of CR, it is essential to gain stake-

holders’ acceptance for all operations (Dyllick and Hockerts, 2002).  

CSR has traditionally covered economic, legal and ethical dimensions (Sarvaiya and Wu, 

2014). More recently, CSR has evolved to include environmental aspects along with the 

social and economic aspects (the triple bottom line in general) (Aguinis and Glavas, 2012; 

Sarvaiya and Wu, 2014). 

CS has emerged in management studies since the 1990s (Montiel, 2008; Whiteman et al., 

2013). The World Business Council for Sustainable Development (WBCSD) has also 

pioneered in defining CS through linking the environmental and business economic di-

mension through eco-efficiency (Dyllick and Hockerts, 2002; Montiel, 2008; Dyllick and 

Muff, 2016). According to Sarvaiya and Wu (2014), the concept of CS has been primarily 

based on the principle of conserving natural resources to achieve the benefits of economic 

sustainability. Similarly, as environmental aspects have gradually entered CSR, social 

aspects have been increasingly incorporated into CS (Montiel, 2008; Sarvaiya and Wu, 

2014). While sustainable development is defined at the macro-level, CS refers to sustain-

able development at the company level (Baumgartner and Ebner, 2010) and translates the 

environmental, social and economic dimensions of sustainable development into the tri-

ple bottom line: people, planet and profit. 

The relationship between CSR and CS is complex. First, CR has traditionally been di-

vided into CSR and environmental management (Ketola, 2010; Dyllick and Muff, 2016). 

Furthermore, scientific literature discusses whether CSR is one pillar of CS or whether 

CSR is a subsystem of CS (Sarvaiya and Wu, 2014). Montiel (2008) found that CSR and 

CS employ different paradigms; i.e., the anthropocentric paradigm, in which nature has 

an instrumental or use value and the eco-centric paradigm, in which nature has an intrinsic 

value, respectively. Montiel (2008) and Sarvaiya and Wu (2014) provided a detailed ac-

count of the relationship and the similarities and differences between CSR and CS based 

on a review of scientific literature. 

Stakeholder theory is often considered to be an essential part of CS. Freeman et al. (2011) 

stated that stakeholder responsibility implies that a business is not sustainable unless it 

satisfies stakeholder interests. Dyllick and Hockerts (2002) suggested that CS should be 
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defined in terms of its ability to meet all stakeholders’ needs now and in the future. Ketola 

(2010) also emphasised the role of planetary boundaries in the definition of CS as follows: 

“Corporate sustainability encompasses strategies and practices that aim to meet the cur-

rent needs of stakeholders while seeking to protect, support and enhance the human and 

natural resources that will be needed in the future” (Ketola, 2010). Broadly understanding 

societal expectations and identifying and engaging relevant stakeholders can be consid-

ered a prerequisite for holistic sustainability strategies that contribute to sustainable de-

velopment (Dyllick and Muff, 2016). The natural environment can be included or ex-

cluded from stakeholders and treated separately. Some researchers claim that the natural 

environment should be considered as a stakeholder because it lacks the political and eco-

nomic voice that is granted to other stakeholders. Others claim that it makes no difference 

whether the natural environment is considered as a stakeholder or not, and such an ap-

proach would not help managers to make decisions about the environment. (Freeman et 

al., 2011.) Bocken et al. (2014) stated that sustainable business models explicitly consider 

the natural environment and society as stakeholders. The broad inclusion of stakeholders 

in the debate about sustainability according to the ideologies of open and relative sustain-

ability is likely to unearth challenging controversial stakeholder interests and trade-offs 

(Dyllick and Hockerts, 2002).  

Dyllick and Hockerts (2002) defined social, economic and environmental CS. They ar-

gued that “economically sustainable companies guarantee at any time cash flow sufficient 

to ensure liquidity while producing a persistent above average return to their stakehold-

ers” (Dyllick and Hockerts, 2002). In contrast, Ketola (2010) advocated in favour of the 

view of sufficiency as a measure of economic sustainability; i.e., companies should target 

sufficient instead of maximal profits and, if surplus profits are generated, they should be 

used for environmental and sociocultural good. Furthermore, ecologically sustainable 

companies consume natural resources at a rate below natural reproduction, do not cause 

emissions that accumulate in the environment and do not degrade ecosystem services. 

(Dyllick & Hockerts, 2002.) Further, socially sustainable companies add value at their 

local operating environment (Dyllick and Hockerts, 2002).  

2.3.4 Corporate responsibility for sustainability 

For the purposes of this thesis, it was important to develop a single interpretation of the 

various concepts of CSR and CS that exist. Sarvaiya and Wu (2014) suggested the con-

cept of ‘Corporate Sustainability and Responsibility (CS-R)’ as a basic combination of 

CS and CSR. This thesis utilises a slightly modified term: ‘corporate responsibility for 

sustainability’.  

The inclusion of the concept ‘corporate’ is necessary to emphasise the business perspec-

tive, which is, by default, dependent on economic sustainability and profitability (Sar-

vaiya and Wu, 2014). In contrast, Dyllick and Muff (2016) preferred ‘Business Sustaina-

bility (BST)’ to CS because the reference to business is essential as opposed to a reference 

to the corporate level. Similarly, Freeman et al. (2011) stated that business social respon-

sibility represented a more inclusive concept than CSR. This thesis acknowledges that the 



2 Theoretical foundation 44 

inclusion of business is important; however, uses the term corporate instead (and inter-

changeably) for the practical reason that it was utilised in the Publications. That is, this 

thesis acknowledges that the term could also be ‘business responsibility for sustainabil-

ity’. 

Merely using the concept of CSR could be misleading (Sarvaiya and Wu, 2014), even 

though social responsibility can be extended to cover the natural environment through 

stakeholder thinking. Therefore, responsibility should be taken for sustainability, which 

includes the environmental, social and economic dimension (Ketola, 2010). That is, a 

corporation takes responsibility for environmental, social and economic sustainability. 

These dimensions of sustainability have different categorisations, in which the economic 

dimension could include both business economic and socioeconomic aspects, while the 

social dimension could include both internal and external social aspects, including soci-

ocultural and socioeconomic dimensions. 

Another important question concerns who the corporation is responsible to. Stakeholder 

theory approaches responsibility as responsibility to stakeholders. (Freeman et al., 2011.) 

A further question about responsibility relates to what or who drives the responsibility. 

Heikkurinen (2013) defined stakeholder responsibility as a situation in which the corpo-

ration has outsourced its responsibility to stakeholders; that is, stakeholders are the driver 

of (sustainability) activities. The reverse is intrinsic responsibility that emerges together 

with conscience economics (Ketola, 2010; Heikkurinen, 2013). The sources of intrinsic 

corporate responsibility could be thought of as a specific stakeholder group: internal hu-

man stakeholders of the corporation that could be the individuals who hold power; for 

example, managers (Carballo-Penela and Castromán-Diz, 2014). This thesis assumes that 

a business is generally responsible to stakeholders and driven by stakeholder responsibil-

ity. Stakeholders are both human and non-human, individual and collective, internal and 

external.  

Why include both responsibility and sustainability and not just one? Ketola (2010) sug-

gested that corporate sustainability is an absolute state of sustainability, which comprises 

the maximum level of responsibility for all dimensions of sustainability–environmental, 

social and economic. That is, CR does not equal CS since responsibility is relative and 

sustainability is absolute (Ketola, 2010). This thesis grasps the term CS in absolute terms. 

Sustainability is not a journey (Whiteman et al., 2013), and companies are either sustain-

able or unsustainable (Ketola, 2010). The absolute limits for business activities are deter-

mined by the planetary boundaries and the social foundation. The ‘journey’ that compa-

nies can take is related to the evolution and amplification of the responsibility for sustain-

ability. In contrast, Arias-Maldonado (2013) and Dale et al. (2013) acted as advocates for 

open, relative, negotiated sustainability, while the ISO 13065 standard, ‘Sustainability 

criteria for bioenergy,’ asserts that sustainability is not a state or an absolute value; rather, 

it is an on-going process. However, these definitions are applied at the macro-level rather 

than in the context of CR; as such, they belong to a different discussion. Terminologically, 
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the name of the model suggests that the model concentrates on the maturity of responsi-

bility for sustainability, not sustainability maturity, which is the term used by some schol-

ars; for example, Fava (2014). 

2.3.5 The maturity of corporate responsibility for sustainability 

Figure 2.3 presents an overview of the development of the maturity of corporate respon-

sibility for sustainability, and the state of absolute corporate sustainability (or business 

sustainability), which some authors refer to as ‘true sustainability’ (Dyllick and Muff, 

2016; Shevchenko et al., 2016). The axes depict the maturity levels of corporate respon-

sibility for environmental, social and economic sustainability and the dashed lines depict 

different company paths towards achieving corporate sustainability. Given that responsi-

bility is relative and sustainability absolute (Ketola, 2010), as explained in the previous 

section, Figure 2.3 does not depict sustainability maturity, which is the term used by some 

researchers; for example, Fava (2014) and Publication II. Instead, it refers to the maturity 

of responsibility for sustainability. Companies can take alternative paths towards absolute 

corporate sustainability (business sustainability), which is depicted as an endpoint. After 

discussing the scheme in Figure 2.3, this section aims to describe the characteristics of 

the path towards more mature corporate responsibility for sustainability and absolute cor-

porate sustainability. 
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Figure 2.3. Possible development paths of business operators towards absolute corporate sustain-

ability through taking increasing responsibility for the three dimensions of sustainability (adapted 

from Dittrich-Krämer, 2010; Ketola, 2010) 

The approach presented in Figure 2.3 is characteristic of sustainability science that first 

identifies desired, sustainable outcomes for a system (here: company) and then deter-

mines possible paths to the outcome (Redman, 2014). A further important feature on the 

path towards sustainability is resilience. Resilience theory does not predetermine out-

comes, but concentrates on the capacity of a system (company) to adapt to external stress 

(Redman, 2014), to manage change and continue to develop (Stockholm Resilience Cen-

tre, 2014). Holling (2001) suggested that resilience is a measure of the extent to which a 

system is vulnerable to unexpected or unpredictable stresses. Resilience, which is the 

adaptive capacity, is the opposite of vulnerability (Holling, 2001). External stresses and 

changes in the operational environment could redirect a company’s path to absolute cor-

porate sustainability. That is, the development of the maturity of corporate responsibility 

for sustainability is not necessarily linear, and it may well take steps back and regress: 

The development is not necessarily unidirectional. A company may achieve relative sus-

tainability improvements along the path.  

The strong/absolute sustainability ideology in corporate responsibility for sustainability 

is somewhat related to resilience: A company has the capacity to continue on its selected 
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path despite external pressures from, for example, various stakeholders that only contrib-

ute to relative sustainability and that, in their subjectivity, may be in conflict with each 

other (Oliver, 1991; Freeman et al., 2011). At the extreme, however, a high resilience 

could imply that a system (company) has the capability to resist change and persist be-

yond the point, in which it is adaptive and creative, leading to a maladaptive system (Hol-

ling, 2001). Kamensky (2004) stated that the main reason for business failure is typically 

the inability to make sufficient changes in response to changes in the operational envi-

ronment. Managing change through strategic management could mean adapting to 

changes in the operational environment, shaping the operational environment or choosing 

the operational environment. To remain viable, a business needs to respond to changes to 

a sufficient extent, not respond to all changes. (Kamensky, 2004.)  

Table 2.2 describes the developments that are necessary for achieving absolute corporate 

sustainability according to scientific literature. The developments are somewhat overlap-

ping, interrelated and interdependent. 
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Table 2.2. Developments that characterise business operators’ path towards increased maturity of 

corporate responsibility for sustainability 

Topic The development towards increased  

maturity in corporate responsibility for 

sustainability 

Reference(s) 

System view From reductionist to holistic,  

complexity increases 

Engert et al., 

2016 

The view of the impact network shifts from 

being focused on the effects to being focused 

on the causes (in the environmental dimen-

sion). 

Baumgartner and 

Ebner, 2010 

Sustainability 

dimensions 

The business economic sustainability is not a 

sufficient condition of corporate sustainabil-

ity, which also includes environmental and 

social sustainability: the triple-bottom line. 

Dyllick and 

Hockerts, 2002 

Time  

perspective 

Both short-term and long-term perspectives 

are required. Companies have historically fo-

cused on short-term profits (quarterly results) 

instead of establishing the foundation for 

long-term success.  

Dyllick and 

Hockerts, 2002; 

Dyllick and Muff, 

2016; Engert et 

al., 2016; Monta-

bon et al., 2016 

Focal  

stakeholders 

From shareholders, legal authorities,  

customers to a broader stakeholder base,  

towards the inclusion of the natural  

environment and the society. 

Bocken et al., 

2014; Dyllick and 

Muff, 2016; 

Engert et al., 

2016 

Value creation From profit for shareholders and value for 

customers to value for the society and for the 

globe. 

Dyllick and Muff, 

2016 

From maximising profits to sufficient profits. Ketola, 2010 

From short-term profits for the company to a 

long-term licence to operate. 

Baumgartner and 

Ebner, 2010; The 

Economist, 2014 

Level of social 

responsibility 

Broadens from company level to the produc-

tion chain, to the business environment, to the 

local and global level. 

Ketola, 2010 

Premises for 

business  

planning 

From inside-out logic to outside-in 

logic/From business first to sustainability 

first. 

Dyllick and Muff, 

2016; Montabon 

et al., 2016 

Sustainability 

strategy 

From introverted risk mitigation to external  

licence to operate to efficiency and further to 

a visionary holistic approach. 

Baumgartner and 

Ebner, 2010 

 



2.3 The sustainability of business 49 

Table 2.2. continued. 

Level of integra-

tion of sustaina-

bility into strat-

egy and activity 

From add-on, complementary activity to an 

internalised sustainable business model 

Schaltegger et al., 

2013 

Corporate 

responsibility  

aggressiveness 

Passive, reactive, proactive, entrepreneurial, 

creative. 

Heikkurinen, 

2013; Schaltegger 

et al., 2013 

Responsibility From outsourced to insourced. Heikkurinen, 

2013 

The scope of  

responsibility 

for sustainability 

Social responsibility broadens as follows 

when the responsibility grows: Company/ 

organisation level, production chain/supply 

chain level, life cycle, value chain, value net-

work, business environment level, local level, 

global level. 

Ketola, 2010; 

Schaltegger et al., 

2013 

Environmental 

strategy 

“As the locus of business concern expands 

from environmental management to sustaina-

ble development, so must the basis of  

environmental strategy expand from a risk to 

a resilience approach”. 

Korhonen and 

Seager, 2008 

Moral  

development 

Human morality develops in three stages: 1. 

Obedience to external authority and avoid-

ance of punishment, 2. More internalised 

norms and the pursuit of acceptance from oth-

ers, 3. Independent judgement guided by in-

ternal morals and chosen principles. 

Kohlberg, 1963 

(in Helkama, 

2001) 

 

At the core of the discussion about developing sustainable business is the question about 

the purpose of business and the economic system in general (Dyllick and Muff, 2016). 

Bocken et al. (2014) summarised the ongoing discussion about the need for new business 

models for sustainability as follows: “[t]o tackle the pressing challenges of a sustainable 

future, [business model] innovations [for sustainability] need to introduce change at the 

core of the business model to tackle unsustainability at its source rather than as an add-

on to counter-act negative outcomes of business.” A basic commercial business, business-

as-usual, concentrates on the creation of profit and shareholder value and has a rather 

short, often quarterly, time perspective (Dyllick and Muff, 2016) and could approach sus-

tainability through the traditional eco-efficiency approach (Dyllick and Hockerts, 2002; 

Young and Tilley, 2006; Korhonen and Seager, 2008; Baumgartner and Ebner, 2010; 

Schumpeter, 2014) and the socio-efficiency approach (Dyllick and Hockerts, 2002). Both 

approaches are oriented towards increasing business economic sustainability (Dyllick and 

Hockerts, 2002). Instead, a sustainable business considers economic, environmental and 

social value creation from the perspective of positively contributing to global and local 
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sustainable development by solving sustainability challenges. Sustainable businesses, 

thus, take the society and its sustainability challenges as a starting point for business plan-

ning (Dyllick & Muff, 2016). From a philosophical perspective, the shift to business sus-

tainability represents a shift from egoism to altruism (Ketola, 2010). 

The shift from traditional to sustainable business is essentially a shift from weak or rela-

tive sustainability, which accepts sustainable economic growth (Hediger, 1999; Ketola, 

2010), to strong or absolute sustainability, which abolishes quantitative economic growth 

and advocates for sufficient, not maximal, profits (Ketola, 2010). Shevchenko et al. 

(2016) further described the required change in mindset for businesses to achieve sustain-

ability as follows: “Profits are a necessary but not sufficient condition for long-term sur-

vival” (Shevchenko et al., 2016).  

Ketola (2010) and Dyllick and Muff (2016) argued that the original purpose of companies 

was to enhance common good and that the assumption that companies’ purpose is to pro-

duce profit became more general at a later point. The reason for the shift in perspective 

was the rise of the market economy (Ketola, 2010). If the market economy, a rather young 

phenomenon that has prevailed since the 1990s, is a passing phase in business (Ketola, 

2010), companies can return to their roots and pursue sustainability. At present, the pur-

pose of basic commercial business is the production of profit and shareholder value, while 

the creation of value for the society and environment at large may occur as a by-product; 

for example, through charitable activities.  

Lozano et al. (2015) proposed a ‘sustainability-oriented theory of the firm’. Within this 

concept, they included profit generating and competitive nature of business, and high-

lighted the systemic view of business and the need for the holistic management of the 

sustainability and temporal dimensions (Lozano et al., 2015). According to Lozano et al. 

(2015), a company is a constantly evolving entity that produces profits and comprises 

resources and networks of relationships with stakeholders. The employees of the com-

pany are responsible for representing the company, managing its resources and empow-

ering its stakeholders so that the company complies with legislation, maintains its licence 

to operate, increases its competitive advantage and contributes to the evolution of sus-

tainable societies by holistically addressing the environmental, social, economic and time 

dimensions (Lozano et al., 2015). 

Dyllick and Muff (2016) argued that the required shift to sustainable business could be 

too radical for the existing commercial businesses and it might be more realistic to expect 

social businesses to acquire the position of sustainable businesses. Heikkurinen (2013) 

described how self-financing businesses could have more potential to achieve corporate 

sustainability. However, business sustainability shares some features in common with 

business capabilities; as such, the shift to sustainable business could be realistic, although 

the idea of business and the strategic approach needs changing. Businesses have always 

explored new innovative opportunities. Global and local sustainability challenges can be 

considered to represent business opportunities. Although conflicts may exist in stake-

holder requirements in the short-term, sustainable business has the opportunity to gain 
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broad acceptance in the long-term because of the contribution it makes to solving urgent 

sustainability and societal challenges instead of being criticised for pursuing its own in-

terests. (Dyllick and Muff, 2016.) Several authors have established maturity models of 

corporate responsibility for sustainability (Baumgartner, 2009; Baumgartner and Ebner, 

2010; Ketola, 2010; Fava, 2014; Dyllick and Muff, 2016). Such models suggest that the 

transition towards business sustainability could occur through a step-by-step process, 

similar to that presented in Figure 2.3. Section 3.3.4 introduces the maturity model of 

corporate responsibility for sustainability that was developed in Publication III. In con-

trast, Bocken et al. (2014) described eight sustainable business model archetypes that 

formed a typology of sustainable business models rather than a continual development 

path. Commercial business has already shifted from quality management to environmen-

tal management (Linnanen et al., 1994) and eco-efficiency (Korhonen and Seager, 2008; 

Dyllick and Muff, 2016). Some businesses have further proceeded towards the more ho-

listic sustainability management approach (Korhonen and Seager, 2008; Schaltegger et 

al., 2013; Dyllick and Muff, 2016). 

Sustainability management increases the complexity of strategic management, which re-

quires a system and holistic perspective (Engert et al., 2016). Dyllick and Muff (2016) 

suggested that the three dimensions of sustainability (environmental, social and eco-

nomic) should be managed as a single entity on the strategic level as opposed to as sepa-

rate entities. However, Dyllick and Hockerts (2002) argue that the dimensions may be 

separated at the operational level. For example, Loorbach et al. (2010) discussed business 

strategies for transitions towards sustainable systems. 

2.4 Biofuels and bioenergy as ecosystem services 

Mankind’s dependence on the environment can be described through ecosystem services, 

which can be defined as follows:  

Ecosystem services are “[b]enefits that humans recognise as obtained from 

ecosystems that support, directly or indirectly, their survival and quality of 

life. These include provisioning, regulating and cultural services that directly 

benefit people, and the supporting services needed to maintain the direct ser-

vices.” (Harrington et al., 2010.) 

Provisioning services are products that are obtained from ecosystems, including food, 

water and fuel. Regulating services are benefits that are obtained from the regulation of 

ecosystem processes, including the regulation of floods, drought, land degradation and 

disease. Cultural services are immaterial benefits provided by ecosystems; for example, 

spiritual, aesthetic, educational or recreational services and other nonmaterial benefits. 

(Millennium Ecosystem Assessment, 2005; Harrington et al., 2010; Gasparatos et al., 

2011.) Supporting services include soil formation, nutrient recycling and oxygen produc-

tion (Millennium Ecosystem Assessment, 2005). 
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As such, the primary purpose of an energy business, including the bioenergy business, is 

to provide humankind with the fuel and energy that are required to fulfil basic and ad-

vanced human needs. These needs could be either material or non-material. It is worth 

considering Meadows et al.’s (2005) view that one of the fundamental sustainability prob-

lems is humankind’s tendency to fulfil non-material needs with material solutions. Such 

material solutions could be facilitated or powered by many energy sources, and the needs 

that are currently fulfilled through fuel and energy supply could be met either by bioen-

ergy or rival energy production options. Figure 2.4 shows the provisioning ecosystem 

services provided by biomass supply (fuel, energy, products, food and fodder) and exam-

ples of how they contribute to the fulfilment of human needs (on the right of the provi-

sioning services). 

 

Figure 2.4. Provisioning ecosystem services that biomass supply provides and examples of their 

contribution to fulfilling human needs (Adapted from Millennium Ecosystem Assessment, 2005; 

Dreyer et al., 2006; Gasparatos et al., 2011; Green et al., 2016) 

In Figure 2.4, the LCA-based endpoint categories human health, human dignity and well-

being and basic human needs (Dreyer et al., 2006) have been selected to represent all 

human needs. Human health refers to living “a healthy and naturally long life” (Dreyer et 

al., 2006). Human dignity and well-being refers to living a decent life, enjoying respect 

and enjoying social membership. The three endpoint categories are inextricably interre-

lated and, as such, somewhat overlapping. (Dreyer et al., 2006.) The Millennium Ecosys-

tem Assessment (2005) and Gasparatos et al. (2011) employed the categories of security, 

basic material for good life, health, good social relations and freedom of choice and ac-

tion. Human needs could be further categorised based on Maslow’s hierarchy of needs 

and Max-Neef’s matrix of needs. Complex impact pathways and trade-offs exist between 
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the environmental and social processes (Raworth, 2012) and between the needs; as such, 

Figure 2.4 merely provides simple examples of how ecosystem services are connected to 

the fulfilment of human needs. Figure 2.4 shows that the biomass supply for energy pur-

poses has an impact on the product, food and fodder industries and, consequently, on their 

ability to fulfil respective human needs.  

Figure 2.4 shows the positive impact bioenergy businesses have on provisioning ecosys-

tem services. Although Gasparatos et al. (2011) asserted that the bioenergy business con-

tributes to regulating and cultural ecosystem services, they did not determine the impact 

they have on supporting services. It is noteworthy that the bioenergy business both pro-

vides and compromises ecosystem services (Gasparatos et al., 2011). These trade-offs are 

commonly discussed in the context of sustainable bioenergy.  

According to Gasparatos et al. (2011), biofuel production compromises provisioning eco-

system services including food, fodder, fibre and timber production. They hold that pro-

visioning services are compromised through competition for feedstock, land, water and 

labour (Gasparatos et al., 2011). As Figure 1.4 shows, the bioenergy industry interacts 

with, and often competes for biomass feedstock with the food, fodder and bio-based prod-

uct industries. Figure 2.4 includes the food-water-energy nexus (Green et al., 2016), 

within which the bioenergy business operates. The EU legislation aims to restrict the neg-

ative impacts of bioenergy through its sustainability criteria. For example, the share of 

agricultural feedstock for transportation biofuel production has been restricted to reduce 

the impact the biofuel industry has on food production (Directive (EU) 2015/1513). 

Furthermore, biofuel production can compromise freshwater and land resources that can 

also be counted in the provisioning services. Local freshwater resources can be compro-

mised both through excessive use that induces water scarcity and through quality-degrad-

ing emissions to water (Gasparatos et al., 2011). Trade-offs occur both locally and on a 

larger geographical scale; for example, in the case of the land and water grabbing phe-

nomenon, businesses and governments acquire agricultural land abroad to fulfil their 

needs for energy and food (Rulli et al., 2013). 

Biofuel production has a twofold impact on the regulating ecosystem services. On the one 

hand, biofuel production provides climate, erosion and air quality regulation, while, on 

the other, it can compromise these services, depending on the context. A powerful driver 

of all renewable energy is its ability to cut greenhouse gas emissions in comparison to the 

production of a respective amount of energy of non-renewable origin, and thus, its ability 

to mitigate climate change. The EU policy highlights how renewable energy has the po-

tential to reduce greenhouse gas emissions (COM(2016) 767 final). In some contexts, the 

climate regulation service could be compromised through land use and cover change that 

leads to net GHG emissions. Scientific evidence suggests that, in some contexts, agricul-

tural biofuel feedstock cultivation could be a local driver of soil erosion; however, if it is 

cultivated on marginal land, it can reduce erosion. Similarly, the impact on air quality 

regulation service depends on feedstock, end-use and their emissions.  
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Cultural ecosystem services could be compromised due to biofuel production (Gasparatos 

et al., 2011). Gasparatos et al. (2011) did not determine the inherent positive impacts of 

biofuel production on cultural services. Compromised cultural services include the tradi-

tional land use and cultural value of the landscape and the space for a politically and 

economically marginalised population. The main cultural services that bioenergy com-

promise relate to land use. (Gasparatos et al., 2011.) 

Although the bioenergy industry has an inherently useful purpose of providing human-

kind with energy for fulfilling their basic needs, and although bioenergy is considered to 

be an essential replacement for non-renewable energy and a means of mitigating climate 

change, bioenergy cannot be considered to be sustainable by default. The ecosystem ser-

vice approach reveals the complexity of sustainability impacts of bioenergy production 

and the potential trade-offs between different product systems. Furthermore, the benefits 

that bioenergy and biofuels provide occur at the end-use location that could be geograph-

ically different from, for example, the production area of the feedstock, which could suf-

fer from negative impacts on the ability to fulfil energy needs. To avoid such problem 

shifting between the stages of the production system, a holistic system view is required 

(Klöppfer and Grahl, 2014).   
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3 Materials, methods and case studies 

This section discusses the research design, data sources (materials) and data in conjunc-

tion with the data collection and analysis methods and the quality of the research from 

the methodological perspective. This section explains the materials and methods per Pub-

lication. Case studies are not methods; rather, they define the scope and context of the 

study (Stake, 2000; Kohlbacher, 2006). Case studies are of value in that they provide the 

context that facilitates the interpretation of concepts related to sustainability. The role of 

case studies in this research is discussed after the methods, in Section 3.4. 

3.1 Research design 

Rudestam and Newton (2001) presented a list of ten design considerations based on a 

book on naturalistic inquiry that was published by Lincoln and Guba in 1985. They ar-

gued that the ten design considerations should be addressed in any qualitative research 

study to verify and transparently demonstrate the structure, clarity and specificity of the 

research design (Rudestam and Newton, 2001): 

1. Determining the focus of the inquiry 

2. Determining fit between the paradigm and the focus 

3. Determining the extent to which the inquiry paradigm fits with the substantive 

theory selected to guide the inquiry 

4. Determining where and from whom data will be collected 

5. Determining successive phases of the inquiry 

6. Determining instrumentation 

7. Planning data collection and recording modes 

8. Planning the data analysis procedure 

9. Planning the logistics  

10. Planning for trustworthiness 

(Rudestam & Newton, 2001). 

Because this thesis largely falls into the field of qualitative research, these ten design 

considerations are addressed throughout Section 3. All design considerations are ad-

dressed in Section 3.1, and the data collection and analysis are discussed in more depth 

in the following sections. 

The focus of the inquiry was determined by the research objective and questions that 

underpin this thesis. The objective of this thesis is to provide insights into the prerequisites 

required to develop holistically sustainable bioenergy business. This thesis considers the 

following research questions:  

1. What sustainability themes, questions, methods and tools are related to the 
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different approaches to sustainability that can be observed among bioenergy 

businesses? 

2. What role do the common bioenergy business approaches to sustainability play 

in the development of a holistically sustainable bioenergy business? 

3. What is the significance of sustainability in the local context in terms of the 

contribution bioenergy businesses make to global sustainability? 

With regards to the fit between the paradigm and the focus, quantitative research is typi-

cally based on the reductionist approach instead of the holistic approach, which is a com-

mon feature of qualitative methods. That is, quantitative research within the positivist, 

experimental paradigm typically concentrates on measuring isolated, predetermined var-

iables and parts of systems, whereas qualitative research within the naturalist, interpretive 

paradigm is appropriate for researching the systems or phenomena in their entirety. (Rud-

estam and Newton, 2001; Golafshani, 2003; Buchholz et al., 2007.) The sustainability 

management of businesses can be approached both quantitatively and qualitatively. 

Korhonen and Seager (2008) stated that the traditional risk assessment-based strategic 

business approach depends on the specification and quantification of risks; however, sus-

tainability risks and their interactions are often difficult to quantify and the risk approach 

is, therefore, somewhat obsolete. Instead, a more general and systemic resilience ap-

proach is necessary (Korhonen and Seager, 2008). For these reasons, qualitative research 

methods were employed in the holistic research of sustainability in the context of bioen-

ergy business in this thesis.  

The previous scientific literature and the theory that guides the inquiry lie at the interface 

of the paradigms of quantitative and qualitative inquiry. Sustainability and sustainable 

development have been researched both in quantitative and qualitative terms. As stated 

in the introduction, a well-known deficiency of the existing research into the sustainabil-

ity of bioenergy systems is that such research has traditionally taken a reductionist ap-

proach and concentrated on specific sustainability issues, typically greenhouse gas emis-

sion and energy balance (Buchholz et al., 2009; Cherubini and Strømman, 2011). Scholars 

have clearly stated that a more holistic approach to the research into the sustainability of 

bioenergy systems is required (Buchholz et al., 2007; Dale et al., 2013; Purba et al., 2009; 

Sheehan, 2009). 

Points 4–9 on the above list are addressed in more detail in the following sections about 

data collection and analysis methods and, in general, in this paragraph. The fundamental 

difference between quantitative and qualitative research concerns the type of data in-

volved. Qualitative research is defined as any research that is based on qualitative data; 

i.e., text, pictures, etc., in contrast to the numerical data that is employed in quantitative 

research. (Tesch, 1990; Golafshani, 2003.) The data employed in this thesis is textual. 

Rudestam and Newton (2001) stated that, in addition to the holistic view, qualitative 

methods typically share naturalistic inquiry and an inductive approach. These are some-

what interrelated. Experimental (quantitative) research typically creates controlled con-

ditions for the experiment and measures specific, predetermined outcome variables in 
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contrast to naturalistic (qualitative) inquiry that makes discoveries about systems and phe-

nomena in their natural environment (Rudestam and Newton, 2001). Furthermore, the 

inductive approach to qualitative research implies that observations are made and data are 

organised after collection; i.e., the researcher does not use systems to organise the data 

prior to observations. As stated above, experimental research strives to achieve control 

through deductive approaches that involve establishing hypotheses and variables before 

data collection (Rudestam and Newton, 2001). The research described in this thesis devi-

ated from the above definitions of qualitative research by adopting an experimental ap-

proach in which the data was controlled by applying predetermined organising systems 

at the data collection stage. Because extensive scientific knowledge exists about the major 

themes of this thesis, sustainability, bioenergy business and bioenergy systems, this thesis 

concentrates on systematically organising the knowledge in a way that is useful from the 

perspective of bioenergy businesses.  

The trustworthiness of research is a crucial research design consideration that needs to be 

taken into account in the context of all other design considerations. Tesch (1990) and 

Janesick (2000) compared qualitative research with art. They argued that no one method 

of conducting qualitative research or interpreting the data and results has proven to be 

more effective than the others. Qualitative research is influenced by a range of factors 

including the individual characteristics, perspectives, knowledge and philosophy of the 

researchers (Tesch, 1990; Janesick, 2000). In contrast to quantitative researchers, who 

aim to disassociate themselves from the research process, qualitative researchers are in-

volved and acknowledge their role in the research process (Golafshani, 2003). Either way, 

the researcher is responsible for convincing the audience about the convenience of the 

qualitative research methods, the quality of the results and the credibility of the interpre-

tation (Tesch, 1990; Janesick, 2000; Rudestam and Newton, 2001). 

The quantitative research tradition exploits the concepts of reliability and validity when 

evaluating the quality of the research. Reliability refers to the extent to which the research 

could be replicated under the same circumstances. In the context of methods, internal 

validity refers to the extent to which the method produce results that are aligned with the 

objectives and research questions, and internal validity is inextricably linked to the valid-

ity of the research strategy and design as a whole. External validity refers to the general-

isability of the results. (Rudestam and Newton, 2001.) 

Literature argues that reliability and validity are not applicable to qualitative research and, 

as such, require redefining (Janesick, 2000; Golafshani, 2003). Some scholars have sug-

gested that the considerations of reliability and validity should be replaced with the con-

siderations of quality, rigour, precision, credibility, applicability or transferability, neu-

trality or confirmability, consistency or dependability, auditability, fittingness and trust-

worthiness in qualitative research (Rudestam and Newton, 2001; Golafshani, 2003). 

Some researchers state that reliability is a consequence of the validity in a qualitative 

study (Golafshani, 2003). 
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Tesch (1990) and Janesick (2000) argued that, because qualitative research is dependent 

on the characteristics of the researchers and similar research settings rarely produce the 

same data and results, considering replicability as part of reliability is irrelevant. Rud-

estam and Newton (2001) stated that it is possible to achieve replicable research through 

a thorough explanation of the data coding principles. The following sections will explain 

these principles in more depth. 

Because the elements of reliability and validity that are often considered in the evaluation 

of the quality of qualitative research is long, the term quality is used in this thesis to 

replace reliability and validity and to represent and summarise their whole content; i.e., 

quality, rigour, trustworthiness (Golafshani, 2003) etc. in the context of qualitative re-

search.  

3.2 Data collection methods 

Table 3.1 summarises the methods that were used to collect the data presented in each 

Publication. The following subsections introduce the literature reviews presented in each 

Publication and describe each workshop separately. 

Table 3.1. Methods of data collection employed in each Publication 

Publication Data collection methods 

Publication I Literature review 

Publication II Literature review, Workshop 1 

Publication III Workshop 1, Workshop 2, Workshop 3 

Publication IV Literature review 

3.2.1 Literature reviews 

Data and theoretical knowledge were collected through literature reviews. The quality of 

the literature review as a data collection method is discussed in the following subsections, 

which present an overview of the literature reviews presented in each Publication that 

contributed to this research. 

3.2.1.1 Literature review in Publication I 

Publication I is a review article. It employs the principles of a qualitative systematic re-

view and a narrative review, and more specifically, a narrative overview (Green et al., 

2006). The systematic element of the review is the case study that determines the bound-

aries and objective of for the literature search or, referring to Green et al. (2006), the focus 

of the search. Namely, Publication I concentrates on the logistical, economic, environ-

mental and regulatory conditions that affect the long-term sustainability of the transpor-

tation of Russian wood pellets to the EU market by sea, and specifically, through the 

seaports of St. Petersburg, Ust-Luga and Vyborg.  
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Narrative overviews typically do not disclose the review methods to the readers and pre-

sent the authors’ reflection on some literature related to the topic (Green et al., 2006). 

Narrative overviews can be useful in presenting the state of the art related to the selected 

topic by introducing perspectives from different literature sources (Green et al., 2006). 

However, in addition to reviewing the state of the art, Publication I conducts an assess-

ment or evaluation of long-term sustainability of the wood pellet logistics by synthesising 

information about the four aspects (logistical, economic, environmental and regulatory 

conditions). In comparison to traditional reductionist sustainability assessments of bioen-

ergy, Publication I extends the boundaries of the sustainability assessment. 

Green et al. (2006) mention the incomplete number of literature sources and subjective 

selection of literature sources for review as the deficiencies that are typically associated 

with narrative overviews. These deficiencies related to subjectivity instead of, for 

example, employing objective selection criteria, can lead to bias (Green et al., 2006). As 

for Publication I, the case study determines the geographical scope and the sustainability 

aspects to be considered. The case study requires some subjective capabilities from the 

researchers. While the environmental, regulatory and to some extent the economic 

conditions could be studied more objectively, the review of the logistical conditions 

required knowledge of Russian language and wood pellet industry, which are subjective 

capabilities. Publication I included 97 references in total, while the review of each of the 

four sustainability aspects (logistical, economic, environmental and regulatory 

conditions) included a small selection of references. Scientific literature sources were 

complemented with a large number of Internet sources and reports, partly available only 

in Russian. Publication I could be of value to the scientific community in that through the 

broad selection of different types of sources it discloses information that is likely to be 

unavailable to the majority of the scientific community and makes connections between 

different sustainability aspects. 

3.2.1.2 Literature review in Publication II 

Publication II utilised a literature review together with Workshop 1 to collect data about 

the common sustainability themes and principles, criteria and indicators (PCI). Further-

more, a background review was conducted that explored the definitions of an indicator 

and related concepts to gain theoretical knowledge. The multiple literature sources facil-

itated data triangulation (using a variety of data sources) to improve the quality of the 

research (Janesick, 2000; Golafshani, 2003). 

Because Publication II aimed to compare the relevant principles, criteria and indicators 

of bioenergy systems from bioenergy operators’, EU steering and research perspectives, 

the literature concentrated on the central and recent legislative documents, other steering 

documents and scientific and other research references that contained lists of sustainabil-

ity criteria and indicators for bioenergy systems, in general, were employed. Publication 

II provides a detailed account of the selection procedure employed to identify relevant 

sources for the review and the selected literature itself. Furthermore, Section 2.1.4 of 

Publication II lists the reviewed literature on which the definition of an indicator and the 
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relationships of the concepts associated with PCI systems are based. The literature re-

viewed consisted of 14 different sources that included scientific journal articles, research 

reports, standards and books. 

The literature review of Publication II included a rather narrow selection of literature 

sources: Five references that were classified as steering literature and nine references that 

were classified as research literature. However, the review of the steering literature con-

centrated on the focal references related to the sustainability PCI of bioenergy of EU-

based bioenergy operators. The references that represented research literature were se-

lected so that each dimension of sustainability (environmental, social and economic) was 

covered. Although the number of references was low, the number of sustainability PCI, 

etc. collected from the references was high enough to cover the multiple dimensions of 

sustainability. The content of the literature references was systematically screened for 

sustainability PCI, which were collected for further analysis and comparison with a com-

mon table. Appendix A presents the collected data from steering literature and Appendix 

B from research literature. 

3.2.1.3 Literature review in Publication IV 

Publication IV reviewed certain features of legislative documents that represented the 

materials (data sources). These documents were, subsequently, classified. These features 

were the date of publication of the document, document identifier, the type of the docu-

ment, the topic of the document, the date of entry into force of the document and the date 

from which the requirements applied (if applicable). Publication IV provides a detailed 

account of the procedure by which the 34 legislative documents were selected for inclu-

sion in the review. The number of documents and their variety was assumed to sufficiently 

represent the EU policy documents related to the sustainability of bioenergy. 

3.2.2 Workshops 

Workshops can be organised in various shapes and forms; however, they typically share 

the common purpose of generating qualitative data, such as words, narratives or pictures, 

via a group effort. Altogether, three workshops were organised to collect data for the 

Publications during 2013–2014. The results of the previous workshops contributed to the 

following workshops.  

 Workshop 1: Relevant sustainability indicators and methods or tools for bioen-

ergy companies 

 Workshop 2: Sustainability questions in three bioenergy production chain cases 

 Workshop 3: Defensive and proactive strategic company approaches to sustaina-

bility of bioenergy systems and applicable methods 

The workshops were attended by BEST research partners, all of whom were Finnish bi-

oenergy experts. Previous scientific research, for example that conducted by Ketola and 
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Salmi (2010), has presented a similar holistic approach that involved collecting insights 

into sustainability impacts in different dimensions of sustainability throughout different 

biofuel life cycles via interviews with Finnish biofuel experts. 

The invitations to the workshops were sent to all relevant research partners, part of whom 

subsequently participated in the workshops. Thus, the sample size could not be deter-

mined in advance. The research partners who participated in the workshops included 

Finnish bioenergy experts from companies in the bioenergy sector and research institutes. 

The companies could be characterised as large enterprises in accordance with the EU 

Commission recommendation 2003/361/EC. The companies could be further categorised 

into biofuel producers (end-product biofuel), technology providers (end-product technol-

ogy and related services, such as maintenance and design) and bioenergy producers (end-

product biomass-based energy for heating, cooling or electricity). The categorisation is 

loosely based on similar categorisations employed by the Roundtable on Sustainable Bio-

fuels certification (RSB, 2013) or Dale et al. (2013). Both private and public companies 

(limited-liability companies, Ltd.) that are bound by their responsibility to deliver profits 

to the shareholders contributed to the research. Table 3.2 shows the number and category 

of participants in each workshop.  

Table 3.2. The categories and numbers of organisations that participated the workshops and the 

number of people (in parentheses) who participated the workshops. 

Participant organisation Number of 

participant 

organisations 

(number of 

people) in 

Workshop 1 

Number of 

participant 

organisations 

(number of 

people) in 

Workshop 2 

Number of 

participant 

organisations 

(number of 

people) in 

Workshop 3 

Research institute or consultant 8 (15) 7 (10) 5 (7) 

Biofuel producer 3 (3) 2 (2) 2 (2) 

Technology provider 1 (1) 1 (1) 0 (0) 

Bioenergy producer 3 (7) 2 (3) 4 (5) 

Research programme coordinator 2 (2) 1 (1) 1 (1) 

Total 17 (28) 13 (17) 12 (15) 

 

Table 3.3 summarises the final number and categories of data collected from each work-

shop after grouping the data and removing duplicate information. The sustainability as-

pects of Workshop 1 included sustainability principles, criteria, indicators, indicator units, 

impacts to be indicated, decision-making questions and observations related to different 

sustainability themes (Publication II). The term sustainability aspect was used in favour 

of alternatives terms, such as sustainability issue or sustainability factor, similar to the 

approach employed by Baumgartner and Ebner (2010). The following subsections will 

give a detailed account of the workshops. 
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Table 3.3. Number and categories of data collected from each workshop (Case Study is 

the case study on Brazilian sugarcane biobutanol) 

Workshop Number of data Category of data 

Workshop 1 409 Sustainability aspects 

166 Methods/Tools 

Workshop 2 514 Sustainability questions in total 

208 Sustainability questions in Case Study 

Workshop 3 14 Efficiency measures 

16 Value creation measures 

4 Methods/Tools 

3.2.2.1 Workshop 1 

Workshop 1 contributed to both Publication II and Publication III. Workshop 1 aimed to 

collect data about the sustainability indicators, methods and tools that different bioenergy 

business operators find relevant. The data collection proceeded systematically and was 

structured to guide the participants’ thoughts towards sustainability. Workshop 1 was 

completed over a duration of 6.5 hours, of which approximately 5 hours was active work-

ing time. 

Since the concept of an indicator is ambiguous (Heink and Kowarik, 2010), the workshop 

participants were not burdened with an exclusive definitional criteria of indicators. In-

stead, sustainability aspects at large were collected and categorised later in the data anal-

ysis process. The definition of indicator that was applied during this exercise was based 

on a literature review that proceeded parallel to the analysis of Workshop 1 data. 

Eight researchers from two research institutes coordinated the work of five predetermined 

working groups that consisted of a combination of representatives of different categories 

of organisations, in total 20 people from 15 organisations. These working groups were 

the primary source of data. The way that the coordinators interacted with the working 

groups could vary from merely observing and writing down the aspects, methods and 

tools, to actively discussing and contributing to the data production.  

To emphasise how different operators in the bioenergy supply chain could be required to 

take into account different sustainability aspects and could require different methods and 

tools for their management, the sustainability aspects, methods and tools were collected 

per the stages of a theoretical bioenergy life cycle presented in Figure 3.1. The purpose 

of this exercise was to achieve an initial categorisation and coding of the data during 

collection (Charmaz, 2000). 
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Figure 3.1. A theoretical life cycle of bioenergy in Workshop 1 (Adapted from: SFS-EN 16214-

4; Publication II) 

The life cycle approach is a system analytical approach to organising processes, and one 

that most bioenergy experts are familiar with. The holistic perspective to the product sys-

tem facilitates researchers to identify the potential trade-offs and avoid problem shifting 

between the processes (Klöppfer and Grahl, 2014). Further advantages are that the ap-

proach is based on the standardised environmental life cycle assessment that has estab-

lished terminology (ISO 14040; ISO 14044) and is commonly used to assess potential 

environmental impacts (Cherubini and Strømman, 2011). A life cycle approach is appli-

cable to the social and economic dimensions of sustainability (ISO 14040). Social impacts 

can be linked to the conduct of companies in the supply chain (Dreyer et al., 2006), and 

economic impacts can be linked to the life cycle unit processes (Klöppfer and Ciroth, 

2011).  

The sustainability aspects and methods and tools for their management were considered 

separately for the three groups of common biomass options (agrobiomass, biowaste, for-

est biomass and aquaculture) that can be defined according to the RED (Directive 

2009/28/EC). The life cycle includes all end-uses of biomasses for energy purposes and 

all production technologies and conversion routes.  

The data about sustainability aspects in each life cycle stage were placed into a spatio-

temporal framework, in which their local vs. global relevance and current vs. future rele-

vance was determined. For example, Vermeulen and Witjes (2016) presented a similar 

framework. The data about methods and tools in each life cycle stage were collected as a 

list, although some coordinators attempted to categorise it according to the spatiotemporal 

framework or according to their spatial significance and their purpose (ensuring compli-

ance with legislation vs. proactive sustainability measures). 
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In total, Workshop 1 produced a data set of 409 sustainability aspects and 166 methods 

and tools.  The number 409 equals what was reported in Publication II, whereas Publica-

tion III presented the number of sustainability aspects as 407, probably due to minor dif-

ferences in categorising data or different versions of data analysis. Figure 3.2 shows an 

example of the raw data that was collected from one working group with regard to one 

life cycle stage in Workshop 1. Appendix C presents the data about sustainability aspects 

from Workshop 1 in their entirety. 

 

Figure 3.2. Raw data about sustainability aspects produced by one working group at the life cycle 

stage of refining and logistics in the initial spatiotemporal organising framework in Workshop 1. 

3.2.2.2 Workshop 2 

Workshop 2 contributed to Publication III. Workshop 2 aimed to formulate sustainability 

questions (or challenges) in the context of three different bioenergy cases and to trigger 

the search for sustainable solutions to solve these questions/challenges. The data collec-

tion procedure was structured and systematic. 

A similar group work approach to that employed in Workshop 1 was applied in Workshop 

2. Four researchers from two organisations coordinated the work of three predetermined 



3.2 Data collection methods 65 

working groups that consisted of 13 representatives of 11 organisations in total. The 

Workshop 2 event took 6 hours including approximately 4.5 hours of active working time. 

Sustainability questions were collected systematically using organising tools. The sus-

tainability questions were collected in each life cycle stage of each of the three contextual 

cases. Furthermore, the sustainability questions in each life cycle stage were collected 

under ten common sustainability themes. 

The ten sustainability themes were induced bottom-up using the data about sustainability 

aspects and literature data about sustainability PCI produced in Workshop 1. The induc-

tion of the themes proceeded from the first thematic coding of the data towards more 

general themes until ten major themes were discovered, as follows: 

1. Acceptability 

2. Requirements from legislation, standardisation and certification systems 

3. Economic steering 

4. Raw materials  

5. Productive goods 

6. Production technology 

7. Resource consumption 

8. Ecological impacts 

9. Social impacts  

10. Economic impacts 

A comparative review of the literature data about indicators and indicator themes found 

that the Workshop 1 data covered all relevant indicator themes of literature (Publication 

II). Thus, the induction of the ten major sustainability themes from Workshop 1 data was 

deemed to be acceptable. Tesch (1990) described an iterative and inductive process of 

developing an organising tool from data. The process that was applied in the analysis of 

Workshop 1 data included identifying topics from data, determining the mutual relations 

between the topics to identify the main topics and sub-topics, and codifying the data ac-

cording to the topics. The ten sustainability themes were utilised in Workshop 2 as a top-

down organising tool. (Tesch, 1990.) In Workshop 2, sustainability questions were col-

lected under each of the ten themes. 

The group discussions in Workshop 2 were guided to sustainability through the acknowl-

edgement of the sustainability challenges that exist at different levels: global level, local 

and individual. Thus, Workshop 2 addressed the boundaries of sustainable business from 

the perspective of absolute sustainability (planetary boundaries and sustainability chal-

lenges and universal human needs) and the perspective of relative sustainability (local 

environmental and social (including socioeconomic and sociocultural) sustainability 

challenges). Furthermore, it was assumed that local relative sustainability contributes to 

global absolute sustainability. To address the local, context-specific relative sustainabil-

ity, three theoretical cases were created. The sustainability questions were collected per 
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life cycle stage of each case. In total, Workshop 2 produced a data set of 514 sustainability 

questions. 

In the first case, biobutanol is produced in Brazil from sugarcane by using acetone-buta-

nol-ethanol (ABE) fermentation and imported into the EU market to be used as a trans-

portation fuel. Figure 3.3 shows a simple depiction of the life cycle of biobutanol that was 

used as the framework for data collection in Workshop 2.  

 

Figure 3.3. A theoretical life cycle of biobutanol in Workshop 2 (Publication III) 

In the theoretical biobutanol case, a European bioenergy company is planning to invest 

in an ABE sugarcane biobutanol plant in Brazil, which has an annual production capacity 

of 100,000 tonnes of biobutanol. The lower production costs of bioethanol attract invest-

ments in biofuel producers in Brazil: The cost of producing bioethanol in this region is 

approximately half that of the EU (Ajanovic and Haas, 2014). The bioenergy company 

leases land located in the Cerrado tropical savannah from local authorities. The Brazilian 

government intensively steers sugarcane cultivation into the Cerrado (Filoso et al., 2015). 

The current pastureland of local cattle farmers (Filoso et al., 2015) needs to be prepared 

before cultivation. Furthermore, to operate the business, there is a requirement to con-

struct the required infrastructure and attract labour from outside the Cerrado area as suf-

ficient human resource is not available in the Cerrado area itself. By-products of sugar-

cane cultivation can be utilised to produce energy for pre-processing and the ABE process 

in a similar way to the ethanol production processes (Efe et al., 2005). The final biobuta-

nol product will be transported by trucks to the coast for onward transportation to the EU 

market area by tankers. The bioenergy company has conducted a life cycle assessment, 

the results of which indicate that the fuel complies with the sustainability criteria of the 

RED (Directive 2009/28/EC).  

To raise sustainability questions in Workshop 2, examples of the Brazilian contribution 

to global sustainability challenges, local Brazilian sustainability challenges and individ-

ual level sustainability challenges in Brazil were presented to the workshop participants. 

In the second case, a Chinese energy company has ordered a gasifier from a European 

technology provider to produce energy from by-products and wood waste at a coal power 

plant. Coal consumption at the power plant can be reduced by 30% by using the gasifier 

for biomass gasification and burning the gas. The components of the gasifier will be man-

ufactured in Europe and the gasifier assembled on-site in China. 
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The by-products of agriculture, such as straw, are collected from local farmers who re-

ceive a little compensation. Currently, the farmers utilise the by-products in local energy 

production at their houses and farms. 

The coal power plant pumps condensing water from a nearby river, which is also used for 

hydropower production. The local energy company that buys the coal power plant is also 

a major hydropower producer, but hydropower capacity in the area is already fully uti-

lised. Figure 3.4 shows a simple depiction of the life cycle of the gasifier that was used 

as a framework for data collection in Workshop 2. Similarly to the Brazilian case, exam-

ples of sustainability challenges at different levels were collected in the Chinese case and 

presented to the workshop participants. 

 

Figure 3.4. A theoretical life cycle of the electricity production by biomass gasification and coal 

in Workshop 2 

In the third case, a European bioenergy company is planning to invest in a combined heat 

and power (CHP) plant in India. The technology will be exported from Europe. The pri-

mary purpose of the CHP plant will be to produce electricity, whereas no use is assigned 

to the heat yet.  

The fuel for the plant will consist of different waste materials from the city and country-

side around the city, and energy wood, which would be cultivated at plantations. Raw 

materials will be collected and stored in terminals, where their quality and origin will be 

monitored. The same terminals will also be utilised by two additional power plants oper-

ated by the bioenergy company. The CHP plant will employ several local people espe-

cially in the new waste sorting facility and raw material acquisition chains. The wastes 

will be mainly sorted by robots. Part of the poorest population makes their living by col-

lecting material (e.g., fuel) from the local landfill. 

The new power plant would represent a solution to both the overload of the local landfill 

and the recurring power failures in the area. A further objective of the plant would be to 

reduce greenhouse gas emissions by reducing methane emissions of the local landfill and 

replacing the electricity produced from fossil fuels, mainly coal. The bioenergy company 

also has wind power plants in the area. Figure 3.5 shows a simple depiction of the life 

cycle of the CHP plant that was used as a framework for data collection in Workshop 2. 
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Similarly to the Brazilian and Chinese cases, examples of sustainability challenges at dif-

ferent levels were collected in the Indian case and presented to the workshop participants. 

 

Figure 3.5. A theoretical life cycle of the electricity production from waste and biomass by CHP 

technology in Workshop 2 

3.2.2.3 Workshop 3 

Workshop 3 contributed to Publication III. Workshop 3 aimed to discuss the offerings of 

Workshop 1 and Workshop 2 in the context of developing bioenergy business towards 

sustainability.  

Before Workshop 3, a preliminary survey was conducted to map the participants’ views 

about reactive and proactive stances to sustainability efforts in business. The aim of the 

survey was to introduce the topic to the participants before collecting the data. The Work-

shop 3 event took 6.25 hours, which included approximately 5 hours of active working 

time. Workshop 3 discussed the maturity levels of corporate responsibility for sustaina-

bility from a simplified dichotomy perspective. That is, the workshop participants delib-

erated, in random pairs, what measures related to the Brazilian biobutanol case study in 

Workshop 2 could be taken at the two maturity levels: efficiency measures and value 

creation measures. These levels were retrieved from examples applied in the business 

world, namely, at BASF (Dittrich-Krämer, 2010) and Henkel (2017). The ideas presented 

by Schumpeter (2014) about the “two waves of sustainability” support the dichotomy 

approach. The dichotomy could be classified as a preliminary organising tool for Work-

shop 3 data. The participants were provided with the data (the sustainability questions 

related to the Brazilian biobutanol case study) from Workshop 2 and used this as a basis 

for generating ideas. Some participants were familiar with the data; however, some of the 

participants in Workshop 3 had not participated in the previous workshop. The results of 

the dichotomy exercise were used as a basis for further analysis that aimed to classify the 

sustainability questions, methods and tools into the maturity levels. Furthermore, during 

the workshop, each workshop participant individually answered a short survey about the 

current methods or tools their organisation uses to manage predefined sustainability 

themes (GHG emissions, water-related challenges, biodiversity, land use change, the 

well-being of employees, the well-being of local people, energy use and efficiency and 

any alternative themes the participants could potentially define themselves) and the need 

for new methods or tools.  
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The contribution of Workshop 3 to Publication III and this thesis was a data set of 14 

efficiency measures, 16 value creation measures and 4 methods or tools that were relo-

cated from the categories of efficiency and value creation measures in the data analysis 

stage.  

3.2.2.4 Quality of the workshops 

The raw data was recorded during the workshops predominantly by pen and paper and 

later transferred to data processing software (mainly Excel) for further analysis, during 

which the data were translated from Finnish to English. All workshop details, procedures 

and initial results were recorded into workshop reports that were compiled immediately 

after each workshop. The reports were sent to the workshop participants, who were asked 

to verify the content and suggest corrections. Such member checks are common in qual-

itative research and can enhance the trustworthiness of the research (Rudestam and New-

ton, 2001). 

The workshops applied the principle of data triangulation by using different comparable 

working groups as data sources. Data triangulation is a strategy that can be employed to 

increase the trustworthiness, rigour and quality of qualitative research (Janesick, 2000; 

Golafshani, 2003). 

It was assumed that Workshop 1 would generate insights into the perspectives Finnish 

bioenergy business operators have on the relevant sustainability aspects of bioenergy sys-

tems. Because the workshop participants included business operators and researchers, it 

is questionable as to whether the data represented the perspective of the business opera-

tors. Inevitably, some uncertainty about the perspective from which the participants ap-

proached sustainability existed. The contribution of researchers to the data could, how-

ever, be considered unproblematic for the following reasons. The theme of Workshop 1 

was different bioenergy business operators’ perspectives on sustainability aspects, and 

these perspective were supported with the use of the general life cycle depiction of bio-

energy as a tool for data collection. Thus, all participants’ minds should have been fo-

cused on the bioenergy business. Furthermore, although the participants could be labelled 

as researchers and business operators, they could represent a wide range of job descrip-

tions and work experience and, as individuals, have various personalities and interests. 

The discussion did not concentrate on the job descriptions of the participants; rather, it 

was solidly aimed at encouraging an open-minded approach to sustainability. The role of 

the coordinating researchers could have been even more significant in terms of guiding 

the participants’ thought processes than the participants’ job descriptions. 

Sustainability challenges or opportunities can be considered at different levels: global, 

local and individual. To connect the solutions that bioenergy systems, and especially bi-

oenergy businesses, provide to these challenges or to determine opportunities for bioen-

ergy systems and business, it was essential to, again, include actual bioenergy business 

operators’ perspectives in the research data. And again, the inclusion was achieved 

through a workshop. A challenge in Workshop 2 was that the participants were required 



3 Materials, methods and case studies 70 

to absorb a large amount of information about the three theoretical cases in a short work-

ing time to enable them to express context-specific sustainability questions. Conse-

quently, the questions remained at a relatively general level, although the formulation of 

sustainability challenges and opportunities into question form, instead of making sustain-

ability statements, produced a relatively extensive data set. Because the sustainability 

questions were retrieved within a few hours’ work, the list of questions is not comprehen-

sive. However, it is challenging to pinpoint any themes that are missing from the data set. 

The large number and versatility of data that were successfully collected during Work-

shop 2 in part validate the multidimensional approach to data collection employed in 

Workshop 2. The same discussion about including researchers in the work of Workshop 

1 applies to Workshop 2. 

The data that were collected and the discussions that were held during Workshop 3 played 

a supporting role in the design of the maturity model of corporate responsibility for sus-

tainability, while previous literature was the main contributor. The most significant con-

tribution Workshop 3 made to this thesis was the conversation between bioenergy busi-

ness operators and bioenergy researchers about the concept of the maturity dichotomy 

from the perspectives of efficiency and value creation measures and reactive and proac-

tive activities.  

An alternative data collection method could have been employed. For example, surveys 

or interviews could have been conducted with bioenergy business operators. However, in 

the workshop discussions, the key concepts, such as sustainability, could be considered 

from a broad perspective under the guidance of the coordinating researchers and through 

stimulating group discussions that highlighted differences in people’s views on the main 

issues; as such, the workshops generated a broad range of data. 

It cannot be assumed that the workshops that were organised between 2013 and 2014 

would produce the same data set as workshops organised at a later date. The bioenergy 

business exists within a rapidly changing operating environment, and the role of sustain-

ability in business changes over time. For example, Lintukangas et al. (2016) found that 

environmental efforts become a lower business priority in economically difficult times. 

Furthermore, the sustainability science is under constant development. Different sustain-

ability aspects are topical at different times. The current public interest in certain sustain-

ability aspects may well affect the themes of any workshop discussions. 

Since the workshops consisted of a sample of people as the source of data, the personal 

differences, for example, mood and attitude, can affect individuals’ delivery. However, 

as the data was produced as a group or pair effort, it was unlikely that the personal cir-

cumstances of individual participants significantly impacted the data set. Furthermore, no 

wrong answers are possible in workshop discussions related to sustainability. On the con-

trary, when sustainability is considered from a relative perspective, the subjective inter-

ests of workshop participants are of importance. However, as discussed in the discussion 

on the theoretical foundation of this thesis, sustainability is a concept that has multiple 
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definitions, and, thus, the sustainability orientation and understanding of the participants 

could span a wide range. 

The workshop-specific group dynamics (Bell and Morse, 2013) could affect the likeli-

hood of two workshops that were conducted in a similar fashion but with a different set 

of participants producing consistent data sets. The extent to which the group members 

contributed to the discussion and the production of data could depend, for example, on 

the number of extroverted or introverted personalities who formed part of the group. In 

the workshops, all group members were encouraged to express their thoughts both in 

written form and through conversation. The personalities of the coordinating researchers 

could also affect the way in which the groups were steered. Assertive steering prompts 

the participants to concentrate on the topic and produce more relevant results. However, 

the coordinating researchers could influence the topics under discussion and introduce 

new topics of their own interest. Thus, the differences in the produced data sets occur at 

the level of working groups, not only at the level of workshops. 

The research in this thesis was conducted primarily from the perspective of the Finnish 

bioenergy experts who attended the workshops. The data were produced by large and 

internationally operating Finnish bioenergy enterprises and by Finnish bioenergy re-

searchers. Bioenergy operators based in other countries could provide further country-

specific perspectives on the sustainability of bioenergy systems. However, many of the 

collected sustainability aspects, questions, methods and tools were at a general level and, 

as such, were not exclusive to the cases but were, instead, applicable to various bioenergy 

systems. 

3.3 Data analysis methods 

The analysis that was conducted as part of this thesis involved describing, interpreting 

and, most importantly, classifying (categorising) textual qualitative data. The terms ‘clas-

sify’ and ‘categorise’ are used interchangeably throughout this thesis.  

Publication II, Publication III and Publication IV contained theory-building analysis that 

is based on the principles of grounded theory research. That is, in the course of the re-

search, a preliminary organising system of data transforms into the result, which is a ty-

pology, classification model or theoretical framework (Tesch, 1990; Charmaz, 2000). A 

feature that was common to Publication II, Publication III and Publication IV was the use 

of literature-based maturity models as organising systems; that is, to both organise the 

data and to present the results. Therefore, it is appropriate to first generally discuss the 

applications of maturity models. Publication I used a four-dimensional sustainability 

framework to review the conditions for sustainability in the context of a case study and 

this approach is of intrinsic interest. 

After a general introduction to the maturity models, the data analysis methods section 

proceeds to introduce the methods employed in each publication in more detail. The qual-

ity of the analysis is discussed in the context of each publication.  
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3.3.1 Maturity models 

The scientific literature presented in the theoretical foundation, revealed that different 

perspectives on sustainability exist; as such, differences in how sustainability is perceived 

must also exist at the company level. Therefore, companies could be classified according 

to their different orientations to sustainability and the associated strategies, activities, etc. 

Possibly, some orientations are more in favour of sustainability than others and, as such, 

desired development paths could be distinguished.  

Publication II, Publication III and Publication IV utilised maturity models to analyse data 

and present results. Maturity models aim to systematically describe “anticipated, desired, 

or archetypal” development paths of organisations and maturity levels (Cleven et al., 

2012) with regard to specific issues. The models can be descriptive, explanatory or pre-

dictive (Mettler and Rohner, 2009).  

According to Mettler and Rohner (2009) and Cleven et al. (2012), the history of maturity 

models began with the first introduction of the concept in 1974 by Gibson and Nolan, 

who studied the maturity of electronic data processing departments (Gibson and Nolan, 

1974). Maturity models integrate different fields of science. They are commonly used in 

the field of organisational management and performance and have been developed by 

both academics and practitioners (Kolk and Mauser, 2002; Mettler and Rohner, 2009). 

For example, Porter (1980) contributed to maturity profiling with regard to market posi-

tion and Ansoff (1984) with regard to strategic management. Later, maturity profiling 

was extended to the research fields of environmental strategy (Linnanen et al., 1994), 

corporate social responsibility (Ketola, 2005) and, during the past decade, sustainability 

(Baumgartner and Ebner, 2010; Dyllick and Muff, 2016).  

Figure 3.6 shows the increase in the number of scientific documents published between 

1961 and 2016 that incorporated the term ‘maturity model’ in the article text, abstract, 

title or keywords. Mettler and Rohner (2009) suggested that the introduction of the Ca-

pability Maturity Model (CMM) in 1992, in particular, increased interest in such models. 

The Elsevier Scopus database (Elsevier, 2017b) of peer-reviewed scientific abstracts and 

citations (Elsevier, 2017a) was searched to identify the number of scientific documents 

that were published each year that contained the search term “maturity model*” (the as-

terisk replaces multiple characters), all subject areas, and all document types. 
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Figure 3.6. The development of the number of scientific documents published each year between 

1961 and 2016 that incorporated the term maturity model in the article text, abstract, title or key-

words. The Elsevier Scopus database (Elsevier, 2017b) was searched for all subject areas and all 

document types on February 2, 2017. (Adapted from: Mettler and Rohner, 2009.) 

Publication II, Publication III and Publication IV utilised maturity models as both data 

analysis methods and results models. Maturity models can be utilised to evaluate and 

compare companies (Cleven et al., 2012) and to guide organisations towards improve-

ment (Mettler and Rohner, 2009; Cleven et al., 2012). Thus, maturity models are con-

sistent with the research objective and questions of this thesis. 

Certain principles exist for establishing a maturity model. Cleven et al. (2012) referred to 

the work of Bruin et al., who suggested six phases in the life cycle of a maturity model: 

scope, design, populate, test, deploy and maintain. The design phase can adopt either a 

top-down or a bottom-up approach. The top-down approach first specifies the maturity 

levels and then collects the characteristics and dimensions of the levels. Vice versa, the 

bottom-up approach deduces the maturity levels from a collection of characteristics and 

dimensions. (Mettler and Rohner, 2009; Cleven et al., 2012.) Publication II, Publication 

III and Publication IV adopted both the bottom-up and the top-down approach according 

to the principles of grounded theory research. When such an approach is employed, the 

questions as to when a model is complete and whether more iteration rounds are needed 

are to be decided by the researcher. Both the categories and the relations between the 

categories must be deliberated. (Tesch, 1990.)  

The characteristics, dimensions and levels of maturity models can be determined using 

qualitative or quantitative methods. Qualitative methods, for example, literature analysis, 
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case studies and interviews, are most commonly used. (Cleven et al., 2012.) The research 

in this thesis was based on qualitative methods; specifically, literature reviews and work-

shops. 

Models can be distinguished according to how companies are placed into the model. 

Cleven et al. (2012) divided maturity models into continuous or staged models. Continu-

ous models allow companies to be classified at several levels, while staged models require 

companies to meet specific characteristics to reach a certain level (Cleven et al., 2012). 

Mettler and Rohner (2009) stated that the higher levels of maturity models should be 

based on the requirements of the lower stages. Analogically, Kolk and Mauser (2002) 

classified general environmental management and performance models as typologies or 

continuum models (Kolk and Mauser, 2002). A typology model classifies companies into 

parallel types using various tools that assign specific attributes to each type; for example, 

a matrix. Typologies do not typically embrace the idea of growing performance, and com-

panies can be classified into a type or between several types. A continuum model depicts 

the linear classification of development that a company can achieve over time. A theoret-

ical viewpoint is that the development levels are mutually exclusive; that is, a company 

can be classified at only one level; this approach makes such models rather rigid. In prac-

tice, however, many developers of continuum models describe the levels as ideal types 

and suggest companies can be positioned somewhere between the levels, bringing the 

model closer to a typology model. (Kolk and Mauser, 2002.)  

3.3.2 Data analysis methods in Publication I 

Publication I was an intrinsic case study as defined by Stake (2000). The case context was 

of primary interest in Publication I and the sustainability characteristics of the case were 

identified according to a four-dimensional organising framework (logistical, economic, 

regulatory and environmental sustainability). Publication I described the logistical, eco-

nomic, environmental and regulatory conditions of wood pellet import from Russia to the 

EU based on applicable literature and evaluates the significance of these conditions for 

current and future wood pellet business. Publication I aimed to produce a holistic assess-

ment of the preconditions of long-term sustainable wood pellet business between Russia 

and the EU. 

3.3.3 Data analysis methods in Publication II 

The approach to analysing data in Publication II was largely characteristic to grounded 

theory methods. Simply put, the analysis first categorised data into predetermined cate-

gories, part of which were already used at the stage of data collection, then induced 

themes from the data, and further used a literature-based organising system (maturity 

model) to categorise the themes and the data they contained. The result of the analysis 

was a maturity model that was more elaborately described and characterised in the context 

of the data. 
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In the interpretive and descriptive analysis presented in Publication II, categories were 

used to organise data via a top-down approach that employed predetermined categories 

instead of inducing categories from the data. The groups of categories that were utilised 

in Publication II were parallel rather than hierarchical and subordinate (categories with 

subcategories etc.), though in the case of the sustainability dimensions discussed below, 

the categories were highly interlinked. (Tesch, 1990.)).  

The theory-building analysis presents as its result sustainability principles, criteria and 

indicators and other sustainability aspects of bioenergy systems (the data) at different 

levels of a maturity model of business approaches to sustainability. Consequently, the 

research presented in Publication II can be described as grounded theory research, in the 

course of which, typically, the preliminary organising tool of data becomes the resulting 

classification model or theoretical framework (Tesch, 1990; Charmaz, 2000). In this part 

of the research, a bottom-up approach that induced theory from data was used. 

Figure 3.7 depicts the data used in Publication II and its initial categorisation. The data 

that was collected consisted primarily of sustainability principles, criteria and indicators 

(PCI) and secondarily of other sustainability aspects of bioenergy systems. The data about 

the relevant sustainability aspects (PCI, etc.) were collected in a literature review to cover 

the steering and research perspective and, in Workshop 1, to cover the business perspec-

tive. 

 

Figure 3.7. Categorisation of data in Publication II 
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Workshop 1 data consisted of 409 sustainability aspects in general (excluding indicator 

units). Following Workshop 1, the data were pre-categorised into three different life cycle 

stages (raw material selection and acquisition; refining and logistics; and use, energy pro-

duction, reuse/recycling/waste management), of which, the raw material selection and 

acquisition stage included a categorisation of three different biomass groups, and into a 

spatiotemporal framework that determined the local/global and current/future relevance 

of each datum. This initial spatiotemporal coding of the data was abandoned in the anal-

ysis due to the high ambiguity of the location of the data in the spatiotemporal organising 

framework.  

In the analysis, the workshop data about sustainability aspects were further categorised 

into PCI, etc. and the dimensions of sustainability and the initial categorisation of the data 

into life cycle stages was revised. The PCI, etc., included the following categories: prin-

ciples, criteria, indicators, indicator units, impacts to be indicated, decision-making ques-

tions and observations about the bioenergy system. The prerequisite for the classification 

of data into principles, criteria, indicators (PCI), etc. was a rigorous literature review on 

the definitions of an indicator and related concepts. The different dimensions of sustain-

ability included the environmental, social (including socioeconomic and sociocultural) 

and business economic dimensions. The classification of the data according to the dimen-

sions of sustainability and the life cycle stages of a bioenergy system was based on an 

evaluation that was performed by the three coordinating researchers in Workshop 1. This 

investigator triangulation (Janesick, 2000), aimed to increase the quality of the analysis. 

Appendix C shows the categorised data about the sustainability aspects from Workshop 

1. 

The classification of the respective literature data from steering and research perspectives 

about sustainability PCI, etc. proceeded in a similar fashion to the analysis of data from 

Workshop 1. Although the literature typically included a predetermined categorisation of 

sustainability aspects to PCI, etc., dimensions of sustainability and life cycle stages, the 

categorisations were changed, if necessary, respective to the definitions and procedures 

that emerged during the research. For example, indicators of prescriptive formulation 

were considered as sub-criteria, not indicators. The literature data, thus, included princi-

ples, criteria, indicators, indicator units and verifiers (sources of information, methods or 

data). The investigator triangulation via three researchers was employed in a similar fash-

ion to that of Workshop 1. Appendix A shows the categorised steering literature data and 

Appendix B the categorised research literature data. 

Table 3.4 shows the number of PCI, etc. in Workshop 1, steering literature and research 

literature data. The number of principles, criteria and sub-criteria in the steering and re-

search literature has been modified from what was presented in Table 6 in Publication II. 

Table 6 in Publication II showed that the number of principles in the literature was 62 (37 

from steering and 25 from research literature), and the number of criteria and sub-criteria 

in the literature was 161 (88 from steering and 73 from research). The reason for the larger 

number of principles was that some principles were counted multiple times in Publication 

II according to the largest number of criteria, sub-criteria or indicators related to that 
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principle. The number of criteria and sub-criteria was smaller in Publication II than in 

Table 3.4 due to an error in the inclusion of data sources in data calculation. Table 3.4 

shows the number of all criteria and sub-criteria when the respective multiple counting 

that was applicable in the case of principles has been removed and all criteria and sub-

criteria were included, irrespective of their relation to each other (in Publication II related 

criteria and sub-criteria were counted in as one). In the case of the Roundtable on Sus-

tainable Biomaterials (RSB) standard that was included in the steering literature, lists of 

further requirements related to some criteria were counted in as one sub-criterion in Table 

3.4. 

Table 3.4. Categorisation of data into sustainability PCI, etc. in Publication II (adapted from Pub-

lication II). The one indicator unit in Workshop 1 data has not been counted in the total number 

of sustainability aspects of Workshop 1. 

Category of 

sustainability 

aspect 

Number of sustainability aspects Formulation 

Work-

shop 1 

Steering 

literature 

Research 

literature 

Principles 8 24 9 Descriptive/Prescriptive 

Criteria and 

sub-criteria 

83 143 97 Descriptive/Prescriptive 

Indicators 162 62 255 Descriptive 

Indicator units 1 25 36 - 

Verifiers N/A 40 2 Descriptive 

Impacts to be 

indicated 

29 N/A N/A Descriptive 

Decision- 

making  

questions 

31 N/A N/A Interrogatory/Descriptive 

Observations 96 N/A N/A Descriptive/Prescriptive/ 

Interrogatory 

 

After finalising the categorisations according to Figure 3.7, the PCI data from the litera-

ture and Workshop 1 were categorised into broader sustainability themes, and the themes 

were discussed according to the levels of a maturity model of business approaches to 

sustainability, as per Figure 3.8. This served as an organising tool (Tesch, 1990). Both 

the themes and the PCI, etc. were qualitatively compared between the Workshop 1 data 

and the literature data. The maturity model presented in Figure 3.8 was based on previous 

literature and characterised the levels of maturity with regard to the objective of sustain-

ability measures, the sustainability measures, the nature of responsibility and the associ-

ated measures, and the level of creativity. 
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Figure 3.8. The maturity model of business approaches to sustainability used as an organising tool 

in the data analysis in Publication II 

According to Tesch (1990), categorisation criteria are important; i.e., data may enter a 

category by fulfilling its criteria. The categorisation of data according to the dimensions 

of sustainability and the life cycle stages that was based on the three individual research-

ers’ evaluations (intuition) rather than on a clear categorisation criteria could be perceived 

to represent a weakness of the analysis presented in Publication II. However, the appro-

priate category for the PCI was selected based on the opinion of the majority of the re-

searchers (two or more out of three).  

Tesch (1990) stated that categories can have fuzzy boundaries and can overlap. This state-

ment applies to the dimensions of sustainability and life cycle stages. That is, many PCI 

were categorised into more than one dimension, and the same sustainability PCI can be 

relevant in multiple life cycle stages. For example, when determining the boundaries of 

sustainability dimensions, a researcher inevitably faces a complex impact network be-

tween the dimensions. Deciding the primary impact, secondary impact, and so on, in other 

words, the midpoint and endpoint of the impact pathway, can be challenging. Such notion 

emphasises the nature of sustainability as a nested concept rather than a collection of 

separate dimensions. In summary, unambiguous or exclusive categorisation criteria can-

not be established in this case.  

It is worth noting that the qualitative data collected during the workshop discussions was 

not objective and was a representation of the original meaning and thought (Charmaz, 

2000). The analysis of the workshop data sometimes required an interpretation of the 

meaning of the data between the lines, and sometimes the original meaning was lost. For 

example, information about the correlative and causal relationships of indicators and what 

is indicated (Heink and Kowarik, 2010) was partly missing from the data generated in 

Workshop 1. 
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3.3.4 Data analysis methods in Publication III 

Publication III presented a theory-building analysis that was based on the principles of 

grounded theory research. In the course of grounded theory the research, a preliminary 

organising system of data becomes the result, which takes the form of a typology, classi-

fication model or theoretical framework (Tesch, 1990; Charmaz, 2000). Publication III 

presented a maturity model of corporate responsibility for sustainability as its organising 

system and, in the course of the research, the description of the model was further devel-

oped by the inclusion of relevant sustainability questions and sustainability themes related 

to the bioenergy systems and methods and tools to the different orientations according to 

the first research question. The approach was similar to that employed in Publication II, 

which categorised sustainability PCI, etc. into the levels of a simplified version of the 

maturity model of corporate responsibility for sustainability and to that employed in Pub-

lication IV, which presented a maturity model that elaborated on the dimensions of leg-

islative compliance. 

In Publication III, the data that consisted of the sustainability questions related to the 

Brazilian biobutanol case (not the China or India case) from Workshop 2 and the methods 

and tools from Workshop 1 and Workshop 3 were classified according to the orientations 

of the maturity model of corporate responsibility for sustainability outlined in Figure 3.9, 

which was used as an organising tool. Furthermore, the sustainability themes that were 

induced from the Workshop 1 data were classified according to the maturity model. The 

classification of the data according to the maturity model was largely intuitive, as often 

happens in qualitative research (Tesch, 1990). Section 3.2.2.2 described how ten sustain-

ability themes were induced from the Workshop 1 data through a gradual thematic coding 

to facilitate the process by which the data was organised during Workshop 2. The earlier 

stages of this thematic coding (with remarkably more than ten major themes) were uti-

lised.  

The version of the maturity model presented in Figure 3.9 that was used as an organising 

tool was developed based on the basic maturity model presented in Publication II and on 

previous scientific literature. The results of Publication II suggested that acceptability of 

bioenergy operations is a major orientation in the sustainability of bioenergy systems. 

Accordingly, Publication III included acceptability in the maturity model. In Publication 

III, previous scientific literature laid the theoretical foundation for the maturity model of 

corporate responsibility for sustainability. That is, the reviewed literature provided theo-

retical knowledge as opposed to actual data, which were, instead, acquired from the work-

shops. The model that was developed based on this previous literature was used as an 

organising system of data and evolved during the course of the research (Tesch, 1990). 

Multiple literature sources were used to increase the quality of the research. The maturity 

model of corporate responsibility for sustainability was developed throughout the process 

of research for this thesis, and relevant literature was considered in relation to the model 

as it was published or found. The following subsections will introduce the focal literature 

that was used to establish the model. An alternative method of conducting the research 

would have been to utilise a maturity model that had been previously developed by other 
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researchers. The reasons that underpinned the development of a further maturity model 

for this research were to maintain freedom in terms of ensuring the development of a 

model that fit bioenergy operators because, to the best of the researcher’s knowledge, a 

maturity model for bioenergy operators had not previously been published. There was 

also a need to incorporate ideas on increasing responsibility for sustainability (see Section 

2.3.5) and combine the best ideas of the already extensive theoretical knowledge and the 

latest findings about the maturity of corporate responsibility for sustainability into one 

model. 

Figure 3.9. The maturity model of corporate responsibility for sustainability used as an organising 

tool in the data analysis in Publication III 

As explained in Section 2.3.4, this thesis considers responsibility to be relative, and the 

potential to mature relates to taking responsibility, and it views sustainability as the ab-

solute endpoint, the most mature level of environmental, social and economic responsi-

bility, as per the view of Ketola (2010). The maturity model presented in Figure 3.9 is 

mostly of a third type, not a pure continuum or typology model, because it acknowledges 

that company development can be linear or non-linear instead of purely linear as is the 

case in pure continuum models (Kolk and Mauser, 2002). Furthermore, the development 

can be bidirectional. Ideally, the business should exhibit the resilience to continue on its 

selected sustainability path despite societal and environmental changes. However, in 

practice, for example, in economically difficult times, an organisation’s strategic activi-

ties tend to regress to a business-oriented survival strategy, and environmental efforts are 

treated as a lower priority (Lintukangas et al., 2016).  
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3.3.4.1 Profitability orientation 

The profitability orientation to sustainability concentrates on business economic sustain-

ability and the production of value for shareholders (Dyllick and Muff, 2016). The plan-

ning perspective operates from the inside-out, which takes the business economic targets 

as a starting point (Dyllick and Muff, 2016; Montabon et al., 2016). Sustainability is con-

sidered to be an external issue, and the responsibility for sustainability is outsourced and 

externally driven by shareholders. Because the production of profits for shareholders is 

business-as-usual and is expected from most commercial businesses, the production of 

profit for shareholders could also be considered as the minimum level of acceptable busi-

ness alongside with compliance with legislation, which should, likewise, be business-as-

usual. The extrinsic responsibility to shareholders is a special case of extrinsic responsi-

bility to stakeholders and, therefore, the levels somewhat overlap. 

Baumgartner (2009) and Baumgartner and Ebner (2010) described a conservative effi-

ciency strategy on sustainability that concentrates on cost efficiency and well-defined 

processes and has an internal business orientation (Baumgartner, 2009; Baumgartner and 

Ebner, 2010). The conservative efficiency strategy is in line with the profitability orien-

tation, especially in terms of its objective to cut costs through efficiency improvement 

measures. When this strategy is employed, during sustainability strategy formulation, an 

outside-in perspective is applied. That is, market perspectives serve as inputs for strategy 

formulation. (Baumgartner and Ebner, 2010.) 

Several authors have stated that the efficiency or eco-efficiency approach represents the 

traditional business approach to sustainability (Dyllick and Hockerts, 2002; Young and 

Tilley, 2006; Korhonen and Seager, 2008; Baumgartner and Ebner, 2010; Schumpeter, 

2014). In addition, Bocken (2014) described a similar sustainable business model arche-

type. The principle of eco-efficiency is that more output or value is produced while using 

fewer resources or causing less damage to the environment (Dyllick and Hockerts, 2002; 

Korhonen and Seager, 2008). The eco-efficiency principle has also been expressed as 

delivering products and services that satisfy human needs while reducing environmental 

impacts according to the carrying capacity of the Earth (Dyllick and Hockerts, 2002). The 

latter definition of the eco-efficiency principle, hence, relates to the recent definition of 

sustainable development presented by Griggs et al. (2013). Efficiency measures can in-

clude measures that, for example, reduce the consumption of material, energy, water (re-

source efficiency) and increase productivity (Maletič et al., 2014). Eco-efficiency is prof-

itable in the short term; however, continual long-term improvements are difficult to 

achieve (Baumgartner, 2009). 

Another viewpoint that is relevant to sustainability is that of socio-efficiency, which ad-

dresses the relationship between the output or value and social impacts, which may be 

either positive or negative. The basic operating principle is to decrease negative and in-

crease positive impacts in relation to the produced output or value. (Dyllick and Hockerts, 

2002.)  
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Dyllick and Hockerts (2002) stated that both eco-efficiency and socio-efficiency aim to 

increase the economic sustainability of a company. That is, they are related to the maturity 

level of profitability orientation. These approaches use, for example, resource and energy 

efficiency as a means to cut costs and, thereby, to increase economic profit. Expected cost 

savings, thus, drive the pursuit of saving energy, water and materials and reducing waste 

(Carballo-Penela and Castromán-Diz, 2014). 

As Publication III stated, efficiency measures require extensive knowledge of environ-

mental issues and solutions. Similarly, Clarkson et al. (2011) and Carballo-Penela and 

Castromán-Diz (2014) stated that a significant amount of time and financial resources 

could be required to address such environmental issues with saving potential. Some short-

term savings could be expected; however, a long-term perspective is preferable with re-

gard to environmental investments that are likely to show their benefits in the long run 

(Reinhardt, 1999). The profitability orientation is more focused on immediate short-term 

profits, while the profitability-acceptability orientation acknowledges the benefits of 

long-term planning and operations, and persistent competitive advantage (Carballo-Pen-

ela and Castromán-Diz, 2014). 

Korhonen and Seager (2008) and Loorbach et al. (2010) argued that mere eco-efficiency 

is not sufficient and could even be detrimental to sustainability. This is because the resil-

ience of a production system that requires, for example, reserves, could suffer from effi-

ciency measures (Korhonen and Seager, 2008) and, thus, lead to sub-optimal innovation 

trajectories (Loorbach et al. 2010). Due to the rebound effect, efficiency measures could 

increase resource scarcity and have a harmful impact on the environment (Korhonen and 

Seager, 2008).  

Korhonen and Seager (2008) employed climate change as an example and described how 

traditional business strategies that focus on eco-efficiency measures could be too late to 

prevent the change. Instead, the only successful strategies include those that are focused 

on “adaptation, transformation and evolution” (Korhonen and Seager, 2008). The bioen-

ergy business is largely justified in terms of its potential to reduce GHGs and mitigate 

climate change; as such, according to Korhonen and Seager (2008), businesses in the 

sustainability orientation should be able to radically innovate the purpose of the business. 

However, it is also possible that the traditional (eco-) efficiency approach to sustainability 

(Dyllick and Hockerts, 2002; Korhonen and Seager, 2008; Schumpeter, 2014) represents 

just one stage in the evolution of industrial systems and will be replaced by resilience 

strategies in the future (Korhonen and Seager, 2008). 

3.3.4.2 Acceptability orientation 

The acceptability orientation to sustainability concentrates on compliance with external 

sustainability-related requirements (Baumgartner, 2009; Baumgartner and Ebner, 2010) 

from stakeholders, including the legislation. Baumgartner (2009) and Baumgartner and 

Ebner (2010) described a sustainability strategy that fits the acceptability orientation as 

an extroverted legitimising strategy, which has a conventional and transformative level. 
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A conventional extroverted legitimising strategy emphasises the importance of communi-

cating sustainability efforts to stakeholders and includes a risk of greenwashing (Baum-

gartner, 2009; Baumgartner and Ebner, 2010) if these discourses are not in line with com-

pany values and actions (Ketola, 2010). Similarly, Aguinis and Glavas (2012) described 

such corporate responsibility activities as symbolic; actions that are designed to appease 

stakeholders and ensure minimum compliance with requirements. The transformative ex-

troverted legitimising strategy operates at a higher level of maturity than the conventional 

version, includes the implementation of sustainability, is more credible (Baumgartner, 

2009; Baumgartner and Ebner, 2010) and involves genuine corporate responsibility ac-

tivities (Aguinis and Glavas, 2012).  

The suggested model deviates from that of Dyllick and Muff (2016) in that it highlights 

legislation as the most relevant stakeholder next to shareholders. However, this separation 

is logical, since several research studies have found that compliance with legislation is 

the first prerequisite for sustainable business (Baumgartner, 2009; Baumgartner and Eb-

ner, 2010; Ketola, 2010; Fava, 2014). Similar to the model presented in this thesis, Ketola 

(2010) suggested that companies with low levels of responsibility merely comply with 

legislation and that any actions that are designed to meet other stakeholder requirements 

exceed the level set by legislative requirements. 

The acceptability orientation still concentrates on the business-first perspective. Accord-

ing to Dyllick and Muff (2016), businesses can address the stakeholder requirements and 

expectations from a business-based perspective with the aim of creating shareholder 

value. That is, stakeholders raise environmental and social (including socioeconomic and 

sociocultural) concerns that create business economic risks and opportunities (Dyllick 

and Muff, 2016).  

3.3.4.3 Profitability-Acceptability orientation 

Dyllick and Muff (2016) stated that at an advanced (however, not yet mature) level of 

corporate responsibility for sustainability, companies aim not only to create shareholder 

value, but also to create economic, social and environmental value. The value is created 

deliberately, not as a side effect of business-as-usual activities (Dyllick and Muff, 2016). 

Businesses at this level are able to detect win-win situations. That is, they take measures 

that benefit both business economic situation and the society or the environment. (Van 

der Byl and Slawinski, 2015.) Van der Byl and Slawinski (2015) found that previous 

research has stated a positive relationship between the social or environmental perfor-

mance and financial performance of companies. Therefore, an economic rationale exists 

for the profitability-acceptability orientation. As Dyllick and Muff (2016) stated, the per-

spective is still inside-out, with the business and its objective as the starting point. 

The difference to eco-efficiency or socio-efficiency measures in the profitability orienta-

tion is that businesses at the level of the profitability-acceptability orientation do not use 

the environmental or societal efforts merely as a means to create profit for themselves, 

but rather consider the environmental or societal benefits as important as such, are aware 
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of the potential to achieve those benefits and possibly communicate those benefits. Ketola 

(2010) described this level of responsibility such that companies have both responsible 

and traditional business lines and are able to find business opportunities in environmen-

tally, socially and economically responsible actions. 

In the profitability orientation, efficiency measures are taken primarily to cut costs. How-

ever, they can also be taken to improve sustainability performance and to increase com-

petitiveness (Maletič et al., 2014.) Similarly, Dyllick and Muff (2016) found that sustain-

ability strategies can be based on the dual need of reducing costs or risks and promoting 

positive developments, such as increasing revenues, market share and reputation. The 

profitability-acceptability orientation concentrates on these positive impacts and win-win 

situations. 

A conventional visionary strategy on sustainability that is opportunistic and focused on 

market opportunities (Baumgartner, 2009; Baumgartner and Ebner, 2010) could fit the 

profitability-acceptability orientation in the suggested maturity model since the orienta-

tion still prioritises the business economic objectives as the starting point of business 

planning and is based on the ideology of weak and relative sustainability.  

In conclusion, the shift from the profitability or acceptability orientation to the profitabil-

ity-acceptability orientation seems to include a shift in perspective from reducing nega-

tive impacts towards creating positive value as long as an increase in profits can be ex-

pected. In other words, the perspective shifts from reducing footprint to creating value, 

as discussed in Workshop 3 and per the theories of Dittrich-Krämer (2010) and Henkel 

(2017). The perspective further applies to the traditional footprint thinking versus the 

novel handprint thinking, in which the focus is on the net positive impacts; for example, 

how business activities impact the environment and society (Norris, 2015). For example, 

the products and services that a business offers could contribute to the reduction of a 

customers’ footprint. 

3.3.4.4 Sustainability orientation 

Scientific literature describes the most mature level of corporate responsibility for sus-

tainability, or truly sustainable business (Dyllick and Muff, 2016; Shevchenko et al., 

2016), quite clearly. The businesses at the level of the sustainability orientation have an 

outside-in perspective to sustainability (Dyllick and Muff, 2016; Montabon et al., 2016). 

The outside-in logic implies that a business takes the critical sustainability challenges of 

the society and the planet as the starting point for business planning (Loorbach et al., 

2010; Dyllick and Muff, 2016), creates business to solve these challenges by using its 

competences and resources (Dyllick and Muff, 2016) or redefines its products and ser-

vices and reorganises the practices and organisation accordingly (Loorbach et al., 2010), 

thereby translating pressing sustainability challenges into business opportunities (Dyllick 

and Muff, 2016).  
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A sustainable business ensures sufficient profits to run the business instead of pursuing 

maximal profits for the shareholders (Ketola, 2010). The main purposes of a sustainable 

business are to create value for the common good, for the planet and the society, and to 

drive global change instead of creating value for private good (Bocken et al., 2014; Dyl-

lick and Muff, 2016). Sustainable businesses have assimilated the global sustainability 

threats and their inevitable impact on the long-term survival of the business (Shevchenko 

et al., 2016). 

A difference between the profitability-acceptability orientation and the sustainability ori-

entation can be detected in the attitude to win-win situations and trade-offs between the 

sustainability dimensions. The profitability-acceptability orientation seeks win-win situ-

ations for both the business economy and the society or the environment. However, as 

Van der Byl and Slawinski (2015) stated, in practice win-lose situations or trade-offs be-

tween the sustainability dimensions often occur. The ‘lose’ could apply to the business 

economy, the society or the environment. The business-first perspective of the profitabil-

ity-acceptability orientation does not allow that environmental or societal benefits are 

achieved at the expense of profits. In contrast, the sustainability-first perspective of the 

sustainability orientation could allow reasonable losses of profits that do not remarkably 

harm the sustainability of business to achieve substantial environmental or societal bene-

fits (Van der Byl and Slawinski, 2015). Furthermore, businesses at the level of the sus-

tainability orientation are able to see the value of long-term survival in contrast to short-

term profits (Dyllick and Hockerts, 2002; Dyllick and Muff, 2016; Engert et al., 2016; 

Montabon et al., 2016). Therefore, the reasonable losses of short-term profits and 

achieved substantial environmental or societal benefits could lead to increased opportu-

nities to continue business in the long term. 

However, as Van der Byl and Slawinski (2015) stated, in reality, trade-offs between the 

sustainability dimensions persist in time despite short-term selections to favour one over 

the other. They suggest that companies could achieve creative sustainability solutions by 

taking a paradox approach to sustainability, embracing the inevitable continuous juxta-

position without simplifying or making choices and by acknowledging organisations as 

complex and dynamic systems and using appropriate complexity-based approaches (Van 

der Byl and Slawinski, 2015). 

In contrast to the conventional visionary strategy associated with the profitability-accept-

ability orientation, businesses in the sustainability orientation use systemic visionary 

strategies that are based on internalised sustainability improvements and are one step fur-

ther in maturity than the conventional visionary strategies (Baumgartner, 2009; Baum-

gartner and Ebner, 2010). In the strategy formulation, the perspective is inside-out:  “the 

market-based view is supplemented with a resource-based view, and sustainable devel-

opment is deep seated in the normative level of the company” (Baumgartner and Ebner, 

2010). That is, the intrinsic or insourced corporate responsibility for sustainability (Heik-

kurinen, 2013) steers the strategy formulation. Sustainability oriented companies turn 

business strategies into responsible strategies and, finally, make holistic responsibility 

their mission (Ketola, 2010). 
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Stakeholders’ needs and stakeholders’ requirements and expectations are distinguished 

from one another in the sustainability orientation (Maletič et al., 2014). That is, stake-

holders’ needs define the sustainable basis for product development as stakeholders re-

ceive what they need from the company. In contrast, the fulfilment of stakeholders’ re-

quirements and expectations could be controversial within the context of the sustainable 

level of fulfilling needs. 

Research literature discusses the dichotomy of sustainability exploitation and sustainabil-

ity exploration (Loorbach et al., 2010; Maletič et al., 2014). Businesses at the lower level 

of maturity are oriented towards sustainability exploitation: The business opportunities 

are derived from the improvement of efficiency and the development of existing capabil-

ities and resources. In contrast, advanced sustainability exploration-oriented businesses 

seek revolutionary innovations (Loorbach et al., 2010; Maletič et al., 2014) and develop 

new capabilities (Maletič et al., 2014). It is, however, noteworthy that, according to Mal-

etič et al. (2014), simultaneous sustainability exploitation and sustainability exploration, 

the maintenance of existing capabilities and the development of new capabilities, are es-

sential in the improvement of sustainability performance and long-term success. 

Edgeman and Eskildsen (2014) highlighted a key feature of innovation that can be ob-

served in companies that fit the maturity model. They distinguish the types of innovation 

with regard to sustainability in companies: sustainable innovation and innovation for sus-

tainability. Sustainable innovation has been systematically integrated into the company 

culture, whereas innovation for sustainability is more an add-on to regular innovation 

activities and places a specific emphasis on environmental or social concerns. (Edgeman 

and Eskildsen, 2014.) 

In terms of the sustainability orientation of the maturity model, Maletič et al. (2014) found 

that companies might exhibit a tendency to concentrate on developing competencies that 

are based on sustainability, especially in an operating environment that changes rapidly 

and is uncertain. Instead, companies concentrate predominantly on taking efficiency 

measures and responding to stakeholders’ requirements and expectations in highly com-

petitive operating environments (Maletič et al., 2014). 

3.3.5 Data analysis methods in Publication IV 

Similarly to Publication II and Publication III, Publication IV presented a theory-building 

and grounded theory analysis. Publication IV concentrated on a specific detail of the ma-

turity model of corporate responsibility for sustainability presented in Publication III; 

namely, the acceptability orientation, and assessed this primarily from the perspective of 

compliance with legislation and its dimensions. 

Publication IV introduced a legislation maturity model to the international scientific com-

munity. A first attempt to scientifically model business approaches to legislation was 

published by Rimppi (2010), and this model was further developed throughout the pro-

cess of the research that was conducted between 2011 and 2017. A narrative review was 
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conducted to explain the legislation maturity model that was used in the analysis, and the 

result of this was presented in Publication IV. The review that underpinned the legislation 

maturity model was largely based on the theory of the maturity of corporate responsibility 

for sustainability presented in Publication III. Figure 3.10 shows the legislation maturity 

model that was employed as an organising tool of data (legislative documents related to 

bioenergy sustainability requirements in the EU) and that was characterised through the 

data. 

 

Figure 3.10. The legislation maturity model used as an organising tool in the data analysis in 

Publication IV 

The legislation maturity model depicts company legislation maturity profiles and associ-

ated strategies and activities. The ideal direction of development would be toward ma-

turity; however, the shifts between the levels are not necessarily linear or unidirectional. 

The model shows that companies should adopt a follower profile, defensive strategy and 

a reactive approach to legislative requirements as a minimum. Followers’ main strategic 

aims could be to maintain their competitive position (Heikkurinen, 2010) and avoid pun-

ishment (Helkama, 2001). Followers could experience difficulties in complying in time 

and demonstrating compliance because of a disorganised approach to managing legisla-
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tive requirements (Rimppi, 2010). Pressure from the supply chain, for example, from cus-

tomers, could be the main reason why followers pay attention to legislative changes (Vesa 

(ed.), 2015).  

Ignorant and neglectful companies that adopt an inactive approach to compliance with 

legislation fail to take timely action to comply with emerging legislative requirements. 

Therefore, their business is unsustainable. In contrast to neglectful companies, which are 

aware of the requirements but consciously choose to breach legislation, ignorant compa-

nies are unaware of the applicable legislative requirements. Rintanen (2006) suggested 

that legislation could motivate a resistance effect among some companies. Neglectful re-

sponses to legislative requirements, such as dismissal of the requirements, may also 

emerge in response to local authorities failing to adequately monitor compliance or if no 

significant consequences for the business are expected (Oliver, 1991). Neglectful compa-

nies might also actively defy existing requirements by challenging them with their own 

vision of (Oliver, 1991), for example, what is sustainable. It could be questioned what 

truly is best from sustainability perspective: a company vision of sustainability or legis-

lative sustainability requirements, especially in case of poorly deliberated, formulated and 

implemented sub-optimal, irrational or impractical legislation. However, the model does 

not question the legitimacy and power of legislation over companies. 

The model does not include companies that consciously distort the truth; for example, 

when submitting statutory reports to authorities (Montabon et al., 2016). Similarly, Oliver 

(1991) describes concealment tactics, which involves symbolic compliance, or so called 

window dressing or greenwashing. Instead, the model assumes a perspective of righteous 

compliance with legislation. 

Similar to companies that employ a defensive strategy, compliant companies that employ 

an adaptive strategy to legislative requirements are reactive; however, they take more 

initiative, have a longer time perspective that affords them more time to achieve compli-

ance and have a more systematic approach to managing legislative requirements. They 

could establish a competitive advantage (Heikkurinen, 2010) over followers by achieving 

early compliance with future requirements and by being able to readily verify their com-

pliance (Linnanen et al., 1994). The evolution of a longer temporal view in the legislation 

maturity model is analogous to that of the overall maturity model of corporate responsi-

bility for sustainability. 

In contrast to a defensive or adaptive strategy, which is inherently reactive, a proactive or 

lead strategy is fundamentally different. Influencers and forerunners that employ a pro-

active or lead strategy have a long temporal view in anticipating, preparing for and creat-

ing future legislative requirements. In contrast to influencers, which have an opportunity 

to provide input into legislative requirements that are in preparation as a means of advo-

cating their interests, forerunners may be able to dictate future legislative requirements 

and set the minimum acceptability level for the business branch. Forerunners seek new 

business opportunities and change (Ansoff, 1984) and accept possible reductions in prof-

its in the short term as they have their sights firmly set on long-term benefits (Ketola, 
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2005; Schumpeter, 2014). Similarly, Oliver (1991) recognised manipulation, including 

either persuasion, influence or controlling tactics, as a possible company response to ex-

ternal pressures. Analogous to the overall model of corporate responsibility for sustaina-

bility, companies that employ a proactive approach to managing legislative requirements 

have a strong internal motivation and moral and insourced ethics and responsibility. It is 

likely that influencers and forerunners are further along the overall maturity scale of cor-

porate responsibility for sustainability than reactive companies.  

The benefits of a proactive or a lead strategy include the detection and the creation of new 

competitive advantage respectively (Heikkurinen, 2010; Husgafvel et al., 2013; Linnanen 

et al., 1994). In addition, proactive and lead strategies could mitigate the risks; for exam-

ple, those associated with the continuity of business, the market position of the product 

and the reputation of the company. The proactive approach requires the possession of 

sufficient resources and expertise (Carballo-Penela and Castromán-Diz, 2014). Conse-

quently, González-Benito and González-Benito (2006) found that larger company size 

and broader internationalisation predict a proactive approach. 

Publication IV created an additional organising tool in Figure 3.11 to connect the legisla-

tive documents to the legislation maturity levels. Figure 3.11 shows a fourfold table that 

is based on the urgency and validity of different stakeholder requirements.  

Figure 3.11. An organising system of requirements based on their urgency and validity (Publica-

tion IV) 



3 Materials, methods and case studies 90 

The urgency-validity framework presented in Figure 3.11 is based on previous research 

literature about stakeholder theory, which suggests that power, legitimacy and urgency 

can be used as criteria when determining different stakeholders’ salience for a company 

(Mitchell et al., 1997; Buysse and Verbeke, 2003). The validity axis in Figure 3.11 divides 

requirements into mandatory legislative and voluntary stakeholder requirements similarly 

as Oliver (1991) divides the means by which external pressures are being exerted on com-

panies into legal coercion and voluntary diffusion. The legislative requirements that Pub-

lication IV focused on are legitimate (compliance is the only option) and have indisputa-

ble power over business operations. Changes in legislation could even result in the termi-

nation or relocation of businesses (Montabon et al., 2016) or as Oliver (1991) states, the 

escape from areas which enforce too stringent requirements.  

On the urgency axis, legislative requirements could be distinguished based on the urgency 

of achieving compliance. That is, whether immediate or future compliance is required. 

This idea of urgency is quite similar to the definition of urgency by Mitchell et al. (1997) 

as the degree to which the requirements call for immediate attention. However, deviating 

from common definitions (Mitchell et al., 1997), urgency in Figure 3.11 merely includes 

the time sensitivity of the requirements, not their perceived importance, which this thesis 

assumes to be high in case of legislative requirements. The legitimacy and power entail 

that compliance with legislative requirements is mandatory. In contrast, the consideration 

of other stakeholder requirements is, by nature, voluntary; although, for example, cus-

tomer requirements could determine business activity, and fulfilling stakeholder require-

ments and expectations broadly could grant companies a long-term licence to operate 

(Schumpeter, 2014; Lozano et al., 2015) and help anticipate legislation. 

In the analysis, each legislative or policy document was evaluated with regard to five 

aspects, two of which related to the urgency-validity framework (Figure 3.11) (urgency 

and validity) and three of which related to the legislation maturity model (Figure 3.10) 

(type of activity, maturity profiles that require activity with regard to such document and 

strategies that require activity with regard to such document). 

In the urgency-validity evaluation, the urgency evaluation of the EU legislative and policy 

documents that related to the sustainability requirements of biofuels was based on the 

date the documents entered into force, the date the requirements were nationally applied 

or the date of publication. The urgency dimension linked the data (documents) with the 

timing of reaction in the legislation maturity model. The urgency scale was divided into 

current and future time dimensions and, therefore, past documents were classified into 

those that helped anticipate future legislation unless they contained currently valid re-

quirements, in which case they were deemed to be currently urgent. The validity evalua-

tion simply categorised all legislative documents into the mandatory category. However, 

the validity of the documents was further evaluated as to the inclusion of direct provisions 

or indirect support for the application or anticipation of legislation. After the completion 

of the urgency-validity evaluation, the analysis proceeded to link the legislation maturity 

model with the documents. First, the required company activity levels; second, the ma-

turity levels; and third, the strategies were linked with the documents. 
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3.4 Case studies 

Case studies are not methods as such; rather, they describe what is to be studied. Various 

methods can be used in case studies and should be specified separately. (Stake, 2000; 

Kohlbacher, 2006.) The difference between the mere description of the scope and bound-

aries of a study from a case study can be quite vague. Broadly speaking, the findings of 

all Publications included in this thesis as well as in the summary of the thesis are based 

on case studies. The difference between the scope description and the study boundaries 

could be, however, explained through the possibility of drawing generalisations from case 

studies (Stake, 2000): The scope of the study is broader, and the individual case studies 

within a distinct scope aim to explain the broader-scale phenomena within the context of 

the study. The use of case studies within the current research was justifiable because the 

local context and relative sustainability are important elements of sustainability research 

within the context of bioenergy systems, and the case studies were expected to provide 

generalisable insights into theory building. 

Stake (2000) divided case studies into instrumental, intrinsic and collective case studies. 

Intrinsic case studies present scenarios in which the case is of intrinsic primary interest to 

the researcher, while instrumental case studies describe scenarios that are of secondary 

interest. The aim of instrumental case studies is to generate insights into an issue and 

build theory through generalisations. Collective case studies incorporate several instru-

mental case studies (Stake, 2000).  

Publication I was based on a case study of the current and future logistical, economic, 

environmental and regulatory conditions of wood pellet import from Russia to the EU 

through three selected north-west Russian seaports. The case study described an exem-

plary wood pellet production plant that was located in north-west Russia and exported the 

produced pellets to European consumers through the seaport of Saint Petersburg. Publi-

cation I further compared the export conditions through the Vyborg and Ust-Luga sea-

ports to the St. Petersburg situation. EU is the major market for Russian wood pellets due 

to lack of domestic demand. The case study described in Publication I was a case study 

of intrinsic interest. However, Publication I was considered only partly in the thesis sum-

mary; thus, making the case of Publication I more instrumental in the context of this the-

sis.  

Publication II was not specifically a case study. However, Publication II approached the 

research aim through a case in which a sample of Finnish bioenergy experts represented 

the bioenergy operators’ perspective. The aim of this approach was to build a view of the 

bioenergy operators’ perspective of relevant sustainability criteria and indicators of bio-

energy systems in comparison to steering and research perspectives. The results of Pub-

lication II further provided information about the current maturity of bioenergy sustaina-

bility thinking in Finnish bioenergy companies–a case of intrinsic interest. However, in 

the context of this thesis, the results of Publication II had instrumental significance, and 

generalisability was assumed. 
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Publication III introduced a theoretical (albeit practically feasible) and instrumental case 

study that described the production of biobutanol in Brazil using sugarcane and a process 

of acetone-butanol-ethanol (ABE) fermentation for onward exportation to the EU market. 

Since Publication III focused heavy on theoretical arguments, the purpose of the biobu-

tanol case was to encourage the discussion to progress from a theoretical to a practical 

level by using a biofuel supply chain in a local context. Publication III depicted an itera-

tive process of theory building and theory testing in the context of the case. This thesis 

both discussed the theoretical contribution of Publication III and drew insights from the 

case study related to relative sustainability in the local context. 

Publication IV built theory about business strategies for managing legislative require-

ments and introduced a general legislation maturity model of business. The theory was 

continually reflected in the case of legislative sustainability requirements for biofuels and 

applicable to biofuel producers, retailers and marketers in the EU, and vice versa. Publi-

cation IV unambiguously included an instrumental case study that can be extrapolated 

(Golafshani, 2003) to other industries and that facilitates theory building.  
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4 Results 

This section presents the results of the research per Publication. 

4.1 Results of Publication I 

Publication I reviewed the current and future logistical, economic, environmental and 

regulatory conditions of wood pellet logistics and distribution from Russia to the Euro-

pean market through three north-west Russian seaports: St. Petersburg, Ust-Luga and Vy-

borg. Both the challenges and opportunities for Russian wood pellet exporters were eval-

uated.  

4.1.1 Logistical conditions 

Table 4.1 and Table 4.2 summarise the logistical challenges and opportunities and their 

respective consequences, as discussed in Publication I. Logistical challenges are often the 

source of economic risks and losses to wood pellet exporters. Other consequences include 

environmental impacts and pellet quality deterioration. Publication I found that the cur-

rent logistical restrictions that are in place, especially at the Russian seaports, hinder the 

Russian wood pellet export operation from achieving its full potential. The logistical op-

portunities largely relate to improving the efficiency of logistics and optimising the po-

tential of the logistics aspect of the value chain. Similarly, the opportunities can contribute 

to a reduction in costs for wood pellet exporters.  
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Table 4.1. A summary of the logistical challenges and consequences associated with the logistics 

of supplying wood pellets from Russia to Europe 

Logistical challenges Consequences 

Most Russian pellet production plants are 

located far from seaports, near sawmills. 

The land transportation of pellets from 

the plant to seaport can be expensive, and 

the costs involved make the logistics 

chain uncompetitive. 

Road conditions are not suited to the use 

of large-capacity trucks. 

Lost competitive advantage for Russian 

pellet exporters. 

If pellet loads increase, traffic safety may 

be put at risk. 

The healthy living conditions of local  

residents are compromised, and public 

acceptance of the operations could  

decrease. 

Several pellet producers lack direct  

access to the railroad.  

This may incur the need for additional 

unloading and loading of the pellets if 

transported to railroad by truck. 

There are no trucks and railway cars ded-

icated to pellet transportation in Russia. 

Potential impacts on costs  

and wood pellet quality. 

The preferred timing of pellet supply to 

seaport depends on the availability of 

suitable transportation vessels. 

Pellets are stored at the seaports and, 

therefore, storage costs are incurred. 

Lack of specialised pellet terminals at 

Russian seaports 

Use of flexible bulk containers that are 

costly to maintain and transport. 

The absence of port infrastructure for the 

collection, storage, dust removal and 

loading of pellets for bulk shipment by 

large-capacity transport. 

Lost competitive advantage for Russian 

pellet exporters. 

Focus of ports on other products (e.g., St. 

Petersburg). 

Restricted capacity to transport 

wood pellets by sea. 

Wood pellet loading onto the vessel can 

often be slow. 

Additional expenses. 

Adverse weather conditions (e.g., rain, 

snow, freezing rain) at the seaports. 

Delays in loading pellets onto the vessels 

at the seaports. 

Restrictions of vessel size in ports due to 

the depth of the waterways. 

Restricted sea transportation capacity. 

Decrease of pellet quality due to  

disintegration and loss of dry matter 

(heating value) during long-distance 

transportation, loading and unloading. 

Economic losses, fines. 
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Table 4.2. A summary of the logistical opportunities and consequences associated with the logis-

tics of supplying wood pellets from Russia to Europe 

Logistical opportunities Consequences 

The trucks used for pellet transportation 

to the seaport could be used for the  

transportation of other goods during  

the return trip. 

Optimisation of truck logistics with re-

gard to fuel consumption and environ-

mental impacts (though the increased fuel 

consumption and GHG emissions of re-

turn trips by loaded vs. empty trucks 

should be taken into consideration). 

Establishment of pellet terminals in  

Russian ports. 

Reduction in handling time  

and cost savings. 

The first terminal to specialise in wood 

pellet handling has opened at the  

Ust-Luga port. 

Could increase the speed of  

the port logistics. 

Development of the Ust-Luga port  

is expected. 

Could significantly increase the wood 

pellet turnover of the port. 

Improvements in seaport logistics. Reduction in the price  

of sea transportation. 

European ports have the capacity to  

handle large volumes of wood pellets. 

Potential for larger shipments. 

4.1.2 Economic conditions 

Table 4.3 and Table 4.4 summarise the economic challenges and opportunities and their 

consequences for Russian wood pellet exportation to the European market. As stated 

above, the logistical challenges often have economic consequences for the wood pellet 

business. Further significant economic challenges include the application of regulations, 

changes in supply and demand and the competitive position. Business economic oppor-

tunities may arise from the expanding pellet market in both Europe and Russia. Further-

more, the pellet business may contribute to the local economies by creating new job op-

portunities to construct the infrastructure.  
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Table 4.3. A summary of the economic challenges and consequences associated with the logistics 

of supplying wood pellets from Russia to Europe  

Economic challenges Consequences 

Slow wood pellet loading onto vessels 

at seaports. 

Additional expenses. 

Plans to improve port infrastructure. Substantial investment needs. 

Changes in the oil, gas and coal  

markets. 

Price fluctuations of wood pellets between 

different Russian producers and ports. 

Economic crisis. Unstable/discontinuous  

wood pellet production. 

The EU directive restricts sulphur  

emissions in the EU. 

Ship freight costs are expected  

to rise remarkably. 

Application of sustainability certifica-

tion. 

Wood pellet feedstock costs  

could increase. 

Competition between Russian pellet 

producers. 

Small-scale producers could face  

considerable waiting times at seaports  

because producers with larger pellet  

volumes make a more significant  

contribution to the turnover of the seaport. 

Competitors from North America are 

able to deliver significantly larger pellet 

loads to the European seaports than 

Russian wood pellet exporters. 

Russian pellet producers cannot benefit 

from the large capacity of the European 

seaports to receive pellets because of  

restrictions in the Russian seaports. 

Subsidy policies for wood pellet  

production in the EU. 

Competition with Russian wood pellets. 

Lack of domestic demand for  

wood pellets in Russia. 

Reduces motivation to invest in pellet pro-

duction plants, and exposes producers to 

currency fluctuations and political risks. 

Risk of decreasing demand for wood 

pellets in Europe (for example, due to 

domestic production and better price of 

pellets produced in North America or 

other regions). 

Risk to business continuity due to lack of 

domestic demand. 
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Table 4.4. A summary of the economic opportunities and consequences associated with the logis-

tics of supplying wood pellets from Russia to Europe 

Economic opportunities Consequences 

Possibility that domestic demand for 

pellets will increase in Russia. 

New pellet market in Russia. 

The EU has the largest wood pellet  

consumption in the world and is  

exhibiting a continual increase in  

wood pellet consumption. 

The EU is a promising market area  

in the future. 

A general short- and medium-term trend 

of increasing wood pellet prices  

in Russia. 

The business seems profitable  

in the future. 

The development of infrastructure. Contribution to local economy  

through job creation. 

4.1.3 Environmental conditions 

Table 4.5 summarises the environmental challenges and opportunities of the Russian 

wood pellet logistics to the European market and their consequences. Russian exporters 

could benefit from the shorter sea transportation distances to Europe in comparison to, 

for example, North American exporters. Publication I refers to Jonker et al. (2014) who 

stated that the sea transportation distance from the US to the Netherlands is 7200 km. In 

comparison, the sea transportation distance from the three Russian seaports to, for exam-

ple, Rotterdam, the Netherlands is approximately 2400 km (SEA-DISTANCES.ORG, 

2017); one third of the shipping distance between the USA and the Netherlands. However, 

the long land transportation distances due to the location of the pellet production plants 

far from the seaports, as mentioned in Table 4.1, reduce the environmental benefits of the 

logistics chain. The condition of the Baltic Sea affects the sea transportation through pro-

tection measures, which also provides opportunities to develop the wood pellet supply 

chain into a more justifiable direction from a sustainability perspective.  
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Table 4.5. A summary of the environmental challenges and opportunities, and their consequences, 

associated with the logistics of supplying wood pellets from Russia to Europe 

Environmental challenges Consequences 

Long-distance sea transportation accounts for 

the major share of GHG and air pollutant emis-

sions in the wood pellet supply chain. 

European customers could seek in-

formation about emissions from 

Russian wood pellet importers. 

Fossil fuels are used for truck and sea  

transportation. 

Reduction in the total environmen-

tal benefits of wood pellet use for  

energy production. 

Sensitivity of the Baltic Sea ecosystem. Protection initiatives could affect 

sea transportation opportunities. 

Environmental opportunities Consequences 

Return trips by loaded trucks from the seaport 

back to the pellet production plant. 

Decrease in the environmental  

impacts of transportation. 

Wood pellet supply chains could reduce GHG 

emissions in comparison to fossil fuels. 

Could increase the attractiveness of 

wood pellets. Reduction in  

emissions could be promoted in  

marketing material. 

Russian wood pellets could be more attractive 

than North American wood pellets in the  

European market from environmental perspec-

tive due to shorter sea transportation distances.  

Environmental benefits could be 

promoted in marketing activities. 

A Baltic Sea protection initiative (HELCOM 

roadmap) urges studies on the use of  

biofuels in marine transportation. 

Replacing fossil fuels with biofuels 

in marine transportation would 

make the wood pellet supply chain 

more renewable. 

A Baltic Sea protection initiative (HELCOM 

roadmap) urges the application of technologies 

to decrease air emissions; for example, GHG 

and NOx, from marine transportation. 

Reduction in the environmental  

impacts of transportation; less 

GHG intensive wood pellet supply 

chain. 

4.1.4 Regulatory conditions 

Table 4.6 summarises the regulatory (and political) challenges and opportunities of the 

Russian wood pellet logistics within the European market. Currently, the legislation and 

quality standards in place in the EU, as opposed to Russian regulation, seems to dominate 

the regulation of the sustainability of the Russian wood pellet supply chain. Currently, no 

binding sustainability criteria exist for wood pellets in the EU; however, the proposal for 

the RED II extend the sustainability criteria to wood pellets. It is important that Russian 

importers proactively consider such legislative changes. The legislative sustainability re-

quirements mainly focus on pellet production processes rather than logistics. However, 

the logistics chain should contribute to ensuring the full traceability of the raw materials 

in the supply chain and to reducing greenhouse gas emissions. The utilisation of existing 
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pellet quality standards and sustainability certification systems could prepare the Russian 

producers for the forthcoming legislative sustainability requirements. 

Table 4.6. A summary of the regulatory (and political) challenges and opportunities, and their 

consequences, associated with the logistics of supplying wood pellets from Russia to Europe  

Regulatory/Political challenges Consequences 

Development of the sustainability  

legislation that applies to wood pellets 

at the EU and Member State level. 

Need to establish a sustainable supply chain 

from raw material acquisition onwards.  

Russian exporters need to maintain constant 

awareness of the changes in legislation and 

prepare for them in advance to avoid risks to 

business continuity and additional  

unexpected costs. Some European countries 

have their own legislation. The requirements 

mainly apply to pellet production rather than 

logistics. 

Currently: The lack of sustainability 

legislation concerning energy produc-

tion from wood pellets in the EU. 

No harmonised approach to sustainability 

exists, and voluntary efforts are required. 

Unreliable quality data  

about wood pellets. 

Possible future challenges with compliance 

with the RED II that requires full 

traceability of the origin of the raw material 

in the supply chain and sets GHG emission 

restrictions. Need for improvement in 

information exchange throughout  

the supply chain. 
Legislative restrictions on sulphur 

emissions from marine fuels. 

Selection of a fuel with low sulphur-content 

or investment in sulphur oxide scrubbers in 

vessels. 

International and national  

sustainability standards and  

certification systems that apply to 

wood pellets are being developed. 

Russian wood pellet exporters need to be 

able to respond to customer enquiries about 

their compliance with standards and any 

certifications they possess. 
Conflict in Ukraine, sanctions. Changes in the EU-Russia relations; impact 

on market relations. 
Regulatory opportunities Consequences 

Utilisation of existing standards and 

certification systems for wood pellets. 

Demonstrates commitment to sustainability 

and increases the attractiveness and brand 

image of Russian wood pellets. Reduces 

regulatory risk by helping to prepare for the 

possible adoption of the sustainability  

criteria for wood pellets outlined in the EU 

legislation and, thus, decreases costs. 
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4.2 Results of Publication II 

The results of Publication II address the sustainability principles, criteria and indicators 

at different levels of the three-level maturity model of corporate responsibility for sus-

tainability that was used as an organising tool in Publication II (Figure 3.8). Publication 

II addressed the sustainability principles, criteria and indicators on a thematic level. Sec-

tion 5.1 discusses the relation between the maturity models in Publication II and Publica-

tion III. In summary, the model presented in Publication II is a preliminary version of the 

model outlined in Publication III. Briefly, Level 1 in the maturity model of Publication II 

is about claiming the basic approval of business by complying with legislation, Level 2 

is about building trust among stakeholders by modifying current activities to a sustainable 

direction, and Level 3 is about acquiring a long-term licence to operate by innovating 

sustainability-driven activities. 

4.2.1 Basic approval through complying with legislation 

Publication II stated that bioenergy operators can choose their level of effort with regard 

to legislative sustainability requirements (for example, whether to be notably under max-

imum emission limits or to achieve minimum compliance). Publication IV addressed the 

levels of effort with regard to legislative sustainability requirements in more detail. 

Publication II recognised that bioenergy operators’ mere compliance with legislative sus-

tainability requirements at the EU level is far removed from holistic sustainability efforts 

because the legislative sustainability requirements are sub-optimal, although they require 

holistic management of the supply chain through the traceability requirement. Namely, 

the main sustainability criteria outlined in the RED are related to GHG emissions, carbon 

balance, peatland drainage, biodiversity and farmers. Bioenergy operators expressed their 

concern about the criteria for receiving legislation-based subsidies that could have a 

skewing impact on the sustainability of bioenergy solutions.  

Publication II stated that compliance with legislation is the prerequisite for acceptable 

business. Accordingly, Publication III located compliance with legislation within the ac-

ceptability orientation of the model of corporate responsibility for sustainability. 

Publication II remarked that its analysis of legislative requirements was restricted to the 

RED and its sustainability criteria and a large number of other legislative acts that are 

relevant for bioenergy operators, both at the EU and national level, were not considered. 

Publication II concluded that local laws include specific requirements for different oper-

ators. For example, the statutory environmental permits, which must be applied by busi-

nesses associated with certain operations in some countries, such as Finland, include in-

dividualised environmental requirements for companies. Some sustainability principles, 

criteria and indicators may, thus, be locally applied by bioenergy operators for regulatory 

reasons as they are included in the environmental permit, while, in other locations, their 

use depends on the intrinsic ethics and voluntary activity of the bioenergy operator. In 
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summary, local legislation could be more stringent or could give more freedom to bioen-

ergy operators with regard to sustainability. Responsible activities that are implemented 

regardless of any freedom imply a higher maturity of corporate responsibility for sustain-

ability. 

4.2.2 Building trust through sustainability improvements 

Publication II recognised the importance of sustainability standards and certification sys-

tems. Although their requirements are not mandatory in the same way as legislation, they 

could have similar levels of significance for bioenergy operators as legislation. Standards 

and certification systems are especially important for those businesses that need to verify 

sustainability to customers or other stakeholders in order to build trust and gain long-term 

acceptance of the business operations. For example, as explained in Publication I, the 

quality certifications of pellets are important in the wood pellet business. The importance 

of standards and certification systems could be beneficial for developing sustainable bio-

energy systems, especially in the case of those bioenergy operators that mainly rely on 

external steering in their sustainability efforts because the sustainability standards and 

certification systems include a broader range of sustainability principles and criteria than 

legislation. 

Publication II found that bioenergy operators address some sustainability themes that are 

not commonly recognised as part of the sustainability of bioenergy systems in steering or 

research literature. Bioenergy operators and EU-level steering approach resource effi-

ciency from different perspectives. For example, bioenergy operators emphasise the op-

timisation of fertiliser and raw material use from the business economic perspective. A 

further concern of the bioenergy operators is nutrient balance. The policy approaches re-

source efficiency from the perspective of operating within the planetary boundaries. The 

underlying motivation that underpins resource-saving activities varies, although the ac-

tivities themselves are similar. In general, bioenergy operators concentrated on opera-

tional criteria, which are an important part of sustainability. Such criteria include the re-

liability of the operation (uninterrupted biomass supply, uninterrupted biofuel supply, bi-

omass and biofuel quality). Bioenergy operators recognised the transportation, storage 

and terminal conditions as important predictors of the quality of biomass and biofuel. 

Operational choices could be guided by economic principles, such as economies of scale. 

4.2.3 Long-term licence to operate through sustainability first 

Publication II found that bioenergy operators have observed the need to justify bioenergy 

production in comparison to other energy production options. They aim to justify bioen-

ergy production especially through highlighting the opportunities to decrease emissions 

to air, soil and water in comparison to other energy production options. 

Bioenergy operators could approach the needs of various stakeholders from the perspec-

tive of rights or the perspective of added value. The rights (land, water and human rights) 
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are a steering issue. Whether legislative steering exists is a local question; however, stand-

ards and certification systems, for example, the ISO 13065 standard and the Roundtable 

on Sustainable Biomaterials (RSB) certification, aim to ensure rights are safeguarded. 

Bioenergy operators that rely on steering to guide them towards sustainability take into 

account the rights. Otherwise, bioenergy operators could approach the needs of various 

stakeholders from the perspective of added value. That is, to ensure that the bioenergy 

operations do not compromise, for example, the availability of land or water for various 

uses by local inhabitants. The availability includes availability in sufficient quantity and 

quality. Ideally, bioenergy operators could seek win-win situations in which land and wa-

ter can be utilised in harmony by both bioenergy operations and local inhabitants.  

The human rights could be applied with regard to ensuring or increasing the well-being 

of employees and, thereby, adding value to them. The bioenergy operators could further 

contribute to the well-being of local communities through improving the regional econ-

omy, employment and energy security. Simultaneously, bioenergy operators should be 

aware of the possible risk of compromising local food security. Local communities could 

contribute to the business economic sustainability of bioenergy operators through the 

characteristics of the market for the product (for example, whether demand for green 

electricity exists and whether the product is competitive). 

Publication II addressed local environmental quality and attractiveness with regard to vis-

ual impacts, noise and odour emissions. Visual impacts, noise and odour emissions im-

pact the level of public acceptance of bioenergy operations. Other environmental quality 

indicators include soil and water quality, biodiversity and chemical pollution. Soil quality 

could be indicated by erosion, carbon balance and nutrients. Publication II found that 

research sources include a large number of biodiversity criteria and indicators and that 

such approaches may represent a rising sustainability theme. 

Publication II suggested that acceptability of bioenergy operations is a major orientation 

in the sustainability of bioenergy systems. The acceptability orientation is a complex and 

multi-level concept and it requires compliance with legislation, ethical business, the local 

community’s commitment to the bioenergy operations, and open communications with 

stakeholders at a minimum. According to Publication II, the acceptability orientation con-

sists of different stakeholders’ subjective perspectives to sustainability, their values and 

their views of different sustainability aspects. Therefore, context-specific and local sus-

tainability thinking is essential in the acceptability orientation. 

Publication II addresses both the acceptability orientation and the profitability orientation 

as well as the profitability-acceptability orientation of the model of the maturity of cor-

porate responsibility for sustainability that was introduced and further discussed in Pub-

lication III.  
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4.3 Results of Publication III 

Publication III provided examples of sustainability themes, sustainability questions, 

measures, methods and tools at the following maturity levels of corporate responsibility 

for sustainability in the bioenergy context: The two levels of the profitability orientation, 

the two levels of the acceptability orientation and the profitability-acceptability orienta-

tion. The most mature level, the sustainability orientation, was discussed with regard to 

the sustainability questions and the general approach that applies to bioenergy operators 

at this level because methods and tools that are exclusive to that level could not be unam-

biguously identified. Instead, a combination of the tools and methods at the other levels 

was deemed necessary at the level of the sustainability orientation. The results in this 

section are divided according to the model of corporate responsibility for sustainability 

that was introduced in Section 3.3.4, Figure 3.9. The following subsections present sus-

tainability themes, measures, methods, tools and approaches in general and Appendix D 

presents the lists of sustainability questions. Furthermore, in Appendix D, the sustaina-

bility questions have been linked to the different sustainability themes and methods as an 

addition to what has been presented in Publication III. 

4.3.1 Profitability orientation 

Figure 4.1 represents basic business economic responsibility and summarises the major 

sustainability themes that need to be considered at the first level of the profitability ori-

entation and which can be managed through conducting different economic feasibility 

studies keeping in mind the objective to ensure business feasibility and profitability. The 

answers to the sustainability questions at this level consist primarily of numerical indica-

tors and other quantitative information. Figure 4.1 does not elaborate on the types of fea-

sibility studies that could be conducted because they were not available in the data. 
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Figure 4.1. Sustainability themes in the profitability orientation with the objective of ensuring the 

feasibility and profitability of business 

Figure 4.2 presents the sustainability themes that can be associated with measures to im-

prove efficiency and their respective methods and tools. Bioenergy operators at the level 

of the profitability orientation implement efficiency measures primarily to cut costs and, 

thus, increase the profitability of the business. They can expect these actions to have an 

immediate effect on profitability. Simultaneous environmental and social benefits could 

occur, such as a reduction in environmental loading and an increase in the attractiveness 

of the environment. The economic efficiency measures require extensive information 

about, and expertise on, a range of environmental issues and their associated assessment 

tools. The current state of the on-going processes has to be monitored. Environmental 

experts who work for the company could lead these activities and justify the measures to 

the management through projecting cost savings. It is common for companies to approach 

profitability orientation via a reductionist approach through which each efficiency ques-

tion is considered individually. However, a holistic perspective is necessary to avoid 

problem and cost shifting. Companies might consider efficiency measures also from the 

perspective of the profitability-acceptability orientation, in which the cost savings occur 

as a by-product of realising environmental and social aims. 



4.3 Results of Publication III 105 

 

Figure 4.2. Sustainability themes, measures methods and tools in the profitability orientation with 

the objective to cut costs 

4.3.2 Acceptability orientation 

Figure 4.3 represents the business-as-usual in the acceptability orientation: compliance 

with mandatory legislative requirements. Figure 4.3 divides business approaches to leg-

islative requirements into reactive (for current requirements) and proactive (for future 

requirements) and presents respective measures, methods and tools. It is noteworthy that 

Figure 4.3 is based on the discussions held during Workshop 2 and only represents a 

minor share of all legislation that bioenergy operators must comply with. The links be-

tween the sustainability questions and Figure 4.3 are, thus, merely speculative and do not 

explore the applicable legislative requirements in more depth.  

The results of Publication III showed that compliance with legislation as a sustainability 

measure in companies has more than one dimension. To claim the basic approval of busi-

ness, companies are required to comply with the current requirements. However, it is also 
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recommended to comply with future requirements in advance and to lobby to influence 

the development of these requirements. Furthermore, bioenergy businesses can proac-

tively operate beyond legislation; for example, in environmental protection, health and 

safety in areas of absence of such legislation. Such measures reach beyond the acquisition 

of basic approval of business and should be located at a minimum at the level of the 

profitability-acceptability orientation. Publication IV studied legislative documents re-

lated to the sustainability requirements for biofuels in the EU in more detail. Companies 

at the level of the profitability-acceptability orientation could further consider the sustain-

ability questions at the second level of the profitability orientation (efficiency measures) 

and at both levels of the acceptability orientation if a proactive approach to those ques-

tions is taken (when legislative or stakeholder requirements about those questions do not 

exist yet). The sustainability questions, measures, methods and tools at the first level of 

the acceptability orientation could be relevant also from the perspective of the profitabil-

ity-acceptability orientation if legislative requirements do not exist yet and a proactive 

approach to legislative requirements is taken. 

Figure 4.3 has been updated from the version that was presented in Publication III so that 

the future measure: “Comply with the sustainability criteria of the draft proposal for a 

directive on sustainability criteria for solid and gaseous biomass used in electricity and/or 

heating and cooling and biomethane injected into the natural gas network” has been re-

placed with: “Comply with the sustainability criteria of the RED II”. Furthermore, the 

related method: “Follow the possible development of the draft proposal for a directive on 

sustainability criteria for solid and gaseous biomass used in electricity and/or heating and 

cooling and biomethane injected into the natural gas network” has been replaced with 

“Follow the development of the RED II proposal”. 
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Figure 4.3. Sustainability measures, methods and tools in the acceptability orientation with the 

objective of claiming the basic approval of business through compliance with legislative require-

ments 

Figure 4.4 shows the approaches to stakeholder requirements and respective measures, 

methods and tools. The same division of stakeholder requirements into current, already-

stated requirements, or enquiries, and into non-stated expectations that could become 

stated requirements or enquiries in the future can be observed at the second level of the 

acceptability orientation as that utilised at the first level, which only considered legislative 

requirements. The line between this level and the profitability-acceptability orientation is 

vague, especially when bioenergy operators take a proactive approach to stakeholder re-

quirements.  
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Figure 4.4. Sustainability measures, methods and tools in the acceptability orientation with the 

objective of building trust among stakeholders through responding to their requirements and ful-

filling their expectations. Customers are used as an example of a stakeholder group. 

4.3.3 Profitability-acceptability orientation 

Figure 4.5 depicts different stakeholders, sustainability measures related to creating win-

win situations between the stakeholders and the company and value for the stakeholders 

and respective methods and tools. It is important to note that the list of stakeholders pre-

sented in Figure 4.5 is not comprehensive. Companies at the level of the profitability-

acceptability orientation could further consider the sustainability questions at the second 

level of the profitability orientation (efficiency measures) and at both levels of the accept-

ability orientation if a proactive approach to those questions is taken (when legislative or 

stakeholder requirements about those questions do not exist yet). 
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Figure 4.5. Sustainability measures, methods and tools in the profitability-acceptability orienta-

tion with the objective of acquiring a long-term licence to operate from stakeholders 
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4.3.4 Sustainability orientation 

Publication III discussed the most mature level, the sustainability orientation, with regard 

to the sustainability questions and the general approach that applies to bioenergy opera-

tors at this level because methods and tools that are exclusive to that level could not be 

unambiguously identified. Instead, a combination of the tools and methods at the other 

levels was deemed necessary at the level of the sustainability orientation. 

In general, bioenergy companies’ conception of the quantity of relevant components of a 

bioenergy system expands as they grow more mature in corporate responsibility for sus-

tainability, and the reductionism changes into holism. Therefore, bioenergy companies at 

the level of the sustainability orientation should have sophisticated knowledge about the 

system components, their interactions and the system dynamics, which include the fol-

lowing: 

 Identification of life cycle stages and operators and description of the unit pro-

cesses. 

 Description of the operational environment at each stage of the life cycle. 

 Acquisition of a general understanding of the planetary boundaries and human 

needs. 

 Identification of the factors in the operational environment that have the potential 

to contribute to global sustainable development in the areas of the planetary 

boundaries. 

 Identification of how the bioenergy system (operators and processes) contributes 

to the factors in the operational environment that have the potential to contribute 

to the global sustainable development in the areas of the planetary boundaries. 

 Identification of the challenges and opportunities that are inherent in the ecosys-

tem and society conditions in the operational environment that contribute to ful-

filling human needs. 

 Identification of how the bioenergy system (operators and processes) contributes 

to the challenges and opportunities that arise within the ecosystem and society 

conditions and the operational environment that contributes to fulfilling human 

needs. 

 Identification of stakeholders, their requirements and expectations. 

 Identification of the impacts bioenergy processes or the conduct of bioenergy op-

erators have on different stakeholders, identified, for example, through indicators. 

 Identification of the impacts different stakeholders have on the bioenergy pro-

cesses or the conduct of bioenergy operators. 
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The workshop discussions raised the question as to whether sustainability could be seen 

as a source of competitive advantage for businesses or whether strong sustainability re-

quires cooperation between competing companies to solve shared sustainability chal-

lenges and problems.  

4.4 Results of Publication IV 

Publication IV focused on classifying and analysing the different strategies that biofuel 

producers can adopt with regard to the legislative sustainability requirements that are in 

place in the EU. Publication IV introduced a general legislation maturity model for busi-

nesses based on previous scientific literature. Publication IV reviewed policy documents 

that are related to the sustainability of biofuels in the EU and assessed their urgency and 

validity, required activity level from biofuel producers in the context of the documents, 

and thereby, strategies with regard to various policy developments.   

Appendix I of Publication IV contained the details of the reviewed EU policy documents 

and the results of the analysis. The results of the analysis highlighted the urgency and 

validity of each document and related legislation maturity levels (activity, profiles that 

require activity and strategies that require activity).  

Publication IV found that multiple strategies are applicable for the management of legis-

lative sustainability requirements for biofuels. The strategies can be divided into defen-

sive, adaptive, proactive and lead strategies. Figure 4.6 summarises the company maturity 

level, strategy and activity with regard to legislative processes at different stages and op-

erators (politicians and authorities). Figure 4.6 shows that forerunners manage the whole 

legislative process, from the initiatives to legislation coming into force, on an extensive 

temporal scale. Influencers, compliant companies and followers respectively manage 

only the latter stages of the legislative processes on a narrower temporal scale. All com-

panies must be active at the point at which the legislation enters into force (the follower 

maturity profile is the minimum for acceptable business from legislative perspective). 

The temporal scale with regard to legislation could be extensive among forerunners if 

they are concerned with signals, such as international agreements, research and mega-

trends, that could imply the initiation of future legislation.  
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Figure 4.6. The scope of company legislation maturity profiles, strategies and activities with re-

gard to the different stages of establishing and implementing legislation (adapted from the results 

of Publication IV and the Federation of Finnish Technology Industries, 2010).  

As Figure 4.6 indicates, the process of legislation is interactive and iterative. The interac-

tivity implies that legislation is a participatory process in which companies and other 

stakeholders have an opportunity to influence the development of legislation at the right 

times, for example, through public consultations. Publication IV suggests that biofuel 

producers at higher levels of legislation maturity perceive legislation to be an internal 

issue rather than an external pressure. The iterative nature of legislation implies that, for 

example, the sustainability requirements for biofuels are continually developing and leg-

islation is subject to revision. The most relevant and recent example related to the sus-

tainability of biofuels is the revision of the RED, which resulted in the publication of a 

new directive proposal, the RED II, following consultation rounds.  

Publication IV stated that biofuel producers should follow legislative changes at both the 

EU level and national level, and be able to prepare for the changes in advance, even if the 

ultimate objective is to achieve minimum timely compliance and the lowest acceptable 

(compliant) level of legislation maturity. For example, the RED contains demanding pro-

visions that affect the management of the whole supply chain. Many of these that cannot 

be implemented at short notice. However, because the EU legislative processes are long 

and could take years, changes to legislation will not impact companies overnight and, as 

such, a defensive strategy could be applicable. However, the applicability requires antic-

ipatory abilities, and a short-term perspective could expose the business to risk; for ex-

ample, the business may encounter unexpected costs if forced to take urgent action to 

ensure compliance. 
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Publication IV suggested that “synergies could occur with the overall maturity of corpo-

rate responsibility for sustainability as the company proceeds towards proactivity with 

regard to legislative requirements”. Similarly to the general maturity model of corporate 

responsibility for sustainability, the companies at higher legislation maturity levels have 

experience of taking the business to the next level in terms of sustainability and an under-

lying vision of how this can be achieved. Proactivity, thus, occurs both with regard to 

legislation and sustainability and society in general. Proactive companies could unify 

their resources for overall sustainability work and to influence or shape legislation. Pub-

lication IV stated that the management of legislation could require significant resources 

in terms of time and knowledge at the higher levels of legislation maturity. Companies 

need to invest in a thorough background study of applicable legislative requirements and 

a systematic management system by which the requirements can be monitored, the latter 

of which involves having assigned experts in place for the ongoing management of the 

requirements. Furthermore, a system and network should exist by which management can 

influence future regulations.  

Publication IV stated that small companies might be forced to abide by a defensive strat-

egy because they do not have sufficient resources to take proactive action, whereas large 

companies have more freedom in positioning themselves on the legislation maturity scale.  

However, influencing against expanding legislation (sustainability requirements of bio-

energy, for example) could be assumed to be of interest to small companies that wish to 

concentrate on their core business.  
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5 Discussion 

The discussion section analyses the results in the context of the research questions. It also 

provides an overview of the contribution the results make to the achievement of the re-

search objective by comparing the results with existing knowledge, evaluating the theo-

retical and practical implications of the results and examining the limitations of the results 

and the overall quality of the research.  

5.1 Contribution of the results to the research objective and questions 

Before examining the extent to which the Publications make a contribution to the achieve-

ment of the thesis research objective and its underlying research questions, it is worth 

repeating the research objective and questions. The objective of the research that was 

conducted as part of this thesis was to generate insights into the prerequisites to develop 

holistically sustainable bioenergy business. This thesis considered the following research 

questions: 

1. What sustainability themes, questions, methods and tools are related to the 

different approaches to sustainability that can be observed among bioenergy 

businesses? 

2. What role do the common bioenergy business approaches to sustainability 

play in the development of a holistically sustainable bioenergy business? 

3. What is the significance of sustainability in the local context in terms of the 

contribution bioenergy businesses make to global sustainability? 

The thesis approached the research objective and questions by introducing the maturity 

model of corporate responsibility for sustainability. The maturity model represents the 

different approaches to sustainability among bioenergy businesses in the first research 

question by highlighting the possible mindsets that are in existence and the main objec-

tives and measures that bioenergy businesses could adopt with regard to sustainability. 

Furthermore, the maturity model encapsulates the issues that are inevitable when attempt-

ing to develop a holistically sustainable bioenergy business. Figure 5.1 summarises how 

each Publication contributed to the maturity model of corporate responsibility for sustain-

ability. 

Publication II and Publication III made the primary contribution of answering the first 

research question. The maturity model of corporate responsibility for sustainability that 

was developed to answer the first research question subsequently contributed to the sec-

ond research question because this model could be employed to determine the common 

bioenergy business approaches to sustainability. Publication I and Publication IV primar-

ily covered the common bioenergy business approaches to sustainability that were em-

ployed to answer the second research question. Publication III made the primary contri-

bution to answering the third research question. Finally, it should be noted that all four 
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Publications in combination somewhat contributed to answering the three research ques-

tions. The subsections presented below will discuss the contributions the Publications 

made to the research questions in more depth. 

 

Figure 5.1. Contribution the Publications made to the maturity model of corporate responsibility 

for sustainability. Publication III introduced the maturity model. 

Publication I primarily contributed to the development of an understanding of the tradi-

tional business-first approaches to sustainability in bioenergy business according to the 

second research question. Specifically, it provided solid insights in the context of a case 

involving the identification of prerequisites for establishing sustainable wood pellet lo-

gistics by sea from Russia to Europe. Publication I concentrated on the profitability ori-

entation through addressing the economic, environmental and logistical conditions of the 

case study; i.e., how the efficiency of the logistics chain could be improved. Furthermore, 

Publication I concentrated on the acceptability orientation by addressing regulatory con-

ditions. Publication I further touched upon the profitability-acceptability orientation 

through addressing the environmental conditions. 

Publication II contributed to the development of an understanding of the whole maturity 

model of corporate responsibility for sustainability in the context of the bioenergy busi-

ness. The first simple version of the maturity model of corporate responsibility for sus-

tainability that was used as a method for organising data in the data analysis presented in 

Publication II included three levels: the two levels of the acceptability orientation, and 

the profitability-acceptability orientation and the sustainability orientation combined. 

However, the business economic sustainability dimension that is essential in the profita-

bility orientation was highlighted in the categorisation of data (see Figure 3.7) and, con-

sequently, sustainability aspects related to the profitability orientation were discussed in 

the results analysis. Therefore, Publication II contributed to the development of the final 
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maturity model. Publication II thematically categorised the sustainability principles, cri-

teria, indicators and other aspects of the data into the levels of the simple maturity model, 

thus contributing to the first research question. 

Publication III contributed to an understanding of the whole maturity model of corporate 

responsibility for sustainability in the context of the bioenergy business. Publication III 

introduced the model and specifically addressed the shift towards the sustainability ori-

entation, which is considered as the highest maturity level in the model, the level of ho-

listic sustainable management and the level that considers the contribution a business 

makes to global sustainability. Publication III offered the most significant contribution to 

an understanding of the approaches to sustainability employed among bioenergy busi-

nesses according to the first research question and to the objective of this thesis, which 

was to understand the prerequisites upon which a holistically sustainable bioenergy busi-

ness can be developed. Publication III further considered the global-level contribution of 

local sustainability activities, thereby contributing to answering the third research ques-

tion. 

Publication III considered the different types of sustainability questions that are relevant 

at different maturity levels and the methods and tools that can be employed at different 

maturity levels, excluding the sustainability orientation, for the management of sustaina-

bility aspects. Furthermore, Publication III provided a high-level overview of the extent 

of systemic thinking that the bioenergy operators need to possess, and the systemic com-

ponents that the bioenergy operators need to explore to be able to operate at the most 

mature level of corporate responsibility of sustainability. Publication III, thus, contributed 

to the first research question. 

Publication IV contributed to the development of an in-depth understanding of the strate-

gic approaches that biofuel businesses may employ in the management of legislative re-

quirements. Compliance with legislation is the first prerequisite of sustainability for any 

business along with business economic sustainability. Publication IV introduced a legis-

lation maturity model that described the different levels of company profiles through ap-

plicable strategies and activities. Although Figure 5.1 links Publication IV primarily with 

the first level of the acceptability orientation (compliance with legislative requirements), 

the results of Publication IV showed that legislation maturity evolves along with the over-

all maturity of corporate responsibility for sustainability. Publication IV, thus, contributed 

to the second research question. 

5.1.1 Sustainability themes, questions, methods and tools in relation to sustaina-

bility approaches 

To answer the first research question about sustainability themes, questions, methods and 

tools related to different approaches to sustainability among bioenergy businesses, the 

maturity model of corporate responsibility for sustainability was first constructed to de-

termine the bioenergy business approaches to sustainability. The maturity model was ex-
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plained in Section 3.3.4 in the context of the data analysis methods applied within Publi-

cation III and is based on the theoretical foundation established in Section 2. Section 4.2 

presented the results of Publication II and discussed sustainability themes at different lev-

els of the maturity model, while Section 4.3 presented the results of Publication III, listed 

the sustainability questions and classified the methods and tools that are applicable at 

different levels of the maturity model.   

In line with Baumgartner and Ebner (2010), who stated that sustainability aspects can 

vary according to their level of maturity in a company, Publication II found that the sus-

tainability aspects related to the resources that are relevant to bioenergy production, such 

as land, water and employees, included different sustainability maturity perspectives. On 

the one hand, they play a role in the improvement of efficiency and, on the other, in en-

suring their availability to local residents. These perspectives reflect the second level of 

the profitability orientation (efficiency improvements) and the profitability-acceptability 

orientation, respectively. That is, the number of sustainability themes and questions can 

be limited to a certain count, albeit it is a large number when all dimensions of sustaina-

bility are considered simultaneously, whereas the perspective on these sustainability 

themes and questions, their perceived importance and the company’s perception of the 

extent to which they are connected varies between different orientations and levels of 

corporate responsibility for sustainability.  

The applicable methods and tools vary according to the objective of the sustainability 

activity that requires their use. Publication III presented a large variety of methods and 

tools, including extensive management systems, standards and procedures, optimisation 

objectives, technologies such as measurement sensors, reporting and disclosure initia-

tives, product labels and online tools for, for example, water risk assessment and map-

ping. Those methods and tools that were presented as optimisation objectives did not 

reach a practical level in terms of what tool should be used; as such, they could still re-

quire further consideration. Evidently, different company operations use different types 

of methods and tools; for example, sustainability management systems at the manager 

level and sensors at the operational level. The findings of the current research reinforced 

the perception that sustainability is a multi-level and multi-dimensional concept and, as 

such, multiple methods and tools are required to manage it. The overall management ap-

proach at the maturity level of the sustainability orientation could be summarised as tran-

sition management, which begins with establishing a macro-level vision on sustainability, 

builds micro-level initiatives and simultaneously influences the meso-regime (Loorbach 

et al., 2010). As stated in Section 2.3.5, an approach that involves first determining the 

desired sustainable outcomes and, thereafter, identifying possible paths to the outcome is 

characteristic of sustainability science (Redman, 2014). Publication III concluded that all 

the methods and tools of the other levels can be related to the maturity level of the sus-

tainability orientation. 

According to Publication III, sustainability-oriented bioenergy companies consider ex-

tensive, system analytical sustainability questions, such as whether the availability of bi-

obutanol increases the popularity of cars and road transportation and the negative impacts 
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if biobutanol has an ecological (“green”) image, and whether electric cars are a better 

option than biofuels for transportation purposes. The intended end-use of the biofuel 

product could affect the achievable maturity of corporate responsibility for sustainability 

among biofuel producers. Oil-based fuel products are required in the current transporta-

tion system for use with contemporary vehicles together with some biofuel products be-

cause of the blend-wall of biofuels into transportation fuel products. The blend-wall for 

bio-based ethanol is approximately 10% (80% for flexi-fuel vehicles), for butanol it is 

16–100%, and for fatty acid methyl ester (FAME) biodiesel it is 5–7%. In contrast, the 

blend-wall for renewable diesel produced from hydrotreated vegetable oil (HVO) and 

biomethane is 100%. (Uusitalo, 2014.) This implies that, although ethanol, butanol and 

FAME biodiesel somewhat reduce the dependency of the transportation sector on fossil 

fuels, they do not solve the fundamental unsustainability problem because the transporta-

tion system remains dependent on fossil fuels and, as such, is unsustainable (Ketola, 2010; 

Shevchenko et al., 2016). To this end, biofuel producers that contribute to this traditional 

transportation system cannot reach the highest level of maturity of corporate responsibil-

ity for sustainability (the sustainability orientation).  

In contrast, biofuel producers that produce HVO renewable diesel, biomethane or biobu-

tanol (in which case the blend-wall is 100%), could contribute to the sustainability of 

transportation unless other sustainability considerations during their life cycle compro-

mise sustainability. However, before HVO renewable diesel or biomethane producers are 

deemed to operate at the level of the sustainability orientation, there is a need to verify 

that these fuel options could sustainably fuel the transportation system. Building sustain-

able transportation systems, and especially developing accessible public transportation, 

is considered to be a fundamental global sustainability target within the UN’s Sustainable 

Development Goals (UN, 2015b). 

In practice, many biofuel producers are simultaneously involved in both the renewable 

and non-renewable energy business; for example, producing both biofuel products and 

oil-based fuel products. Thereby, the producers of HVO renewable diesel, biomethane or 

biobutanol could only proceed towards corporate sustainability if they are not involved 

in the non-renewable fuel business or give up the business. For example, Kjärstad and 

Johnsson (2009) highlighted that the remaining global oil resources could meet the oil 

demand up to 2030 and Shafiee and Topal (2009) calculated that the oil reserves will be 

depleted by 2040. As such, the current estimates of the resources and proven reserves 

seem to be subject to uncertainties and remain a matter of much debate. Furthermore, the 

oil resources (proven reserves and contingent resources) that can be exploited by individ-

ual oil companies vary. (Kjärstad and Johnsson, 2009.) Evidently, the oil business is not 

sustainable. Therefore, companies that are involved in both the oil and biofuel business 

are able to reach, at a maximum, the second highest maturity level of corporate responsi-

bility for sustainability, in which businesses may have both traditional and responsible 

business lines in operation (Ketola, 2010). New, possibly small, biofuel producers that do 

not carry the historical burden of oil refining activities could more easily access higher 

levels of maturity of corporate responsibility for sustainability, in line with that described 
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by Bocken et al. (2014) and Shevchenko et al. (2016), if they have sufficient resources, 

in line with Publication III and Publication IV.  

Biofuel producers could provide biofuels for end uses other than transportation; for ex-

ample, the production of electricity, heating and cooling. The use of bioenergy in energy 

systems has a more straightforward potential to contribute universally to sustainability by 

replacing fossil alternatives than the use of bioenergy in transportation systems. As such, 

the maturity level of the sustainability orientation could be more straightforward in rela-

tion to the other energy uses. However, large-scale bioenergy providers could find them-

selves in the same situation as biofuel producers that practice oil refining if their product 

portfolio includes fossil energy sources, such as coal. That is, they could reach the prof-

itability-acceptability maturity level at a maximum because they have both traditional and 

responsible business lines in operation (Ketola, 2010). It can be concluded that the prod-

uct portfolio of biofuel producers and the intended end-use of the biofuel product are 

related to their maturity of corporate responsibility for sustainability. 

5.1.2 Common approaches to sustainability in relation to holistic approach 

To answer the second research question about the role of the common business ap-

proaches to sustainability in developing holistically sustainable bioenergy business, the 

common bioenergy business approaches must first be determined. The maturity model of 

corporate responsibility for sustainability depicts bioenergy business approaches to sus-

tainability according to the first research question. The common approaches at the first 

level of the acceptability orientation and at the first level of the profitability orientation 

are, respectively, compliance with legislation (in line with Baumgartner (2009), Baum-

gartner and Ebner (2010) and Fava (2014)) and business-economic sustainability includ-

ing eco-efficiency measures (in line with Dyllick and Hockerts (2002), Korhonen and 

Seager (2008) and Bocken et al. (2014)). The requirement to comply with legislation in-

cludes, along with the RED, the consideration of GHG balance that is a common subject 

of bioenergy sustainability assessments (Buchholz et al., 2009; Cherubini and Strømman, 

2011). The assessment of energy balance, which is another common subject of bioenergy 

sustainability assessments along with the GHG balance (Buchholz et al., 2009; Cherubini 

and Strømman, 2011) is included in the eco-efficiency considerations. 

Publication II found that the standards and certification systems applied to sustainable 

bioenergy seem as equally important as legislation to many bioenergy businesses. Pursu-

ing compliance with sustainability standards and certification systems could, thus, repre-

sent a common approach to sustainability. The interest in standards and certifications im-

ply bioenergy businesses’ interest in verifying the sustainability of their operations and 

products for different stakeholders. Using standards and certificates as a tool to communi-

cate sustainability to stakeholders represents a rather proactive approach and could be 

related to the profitability-acceptability orientation. It could be important for bioenergy 

businesses to develop proactive approaches towards bioenergy sustainability standards 

and certification systems similar to those described in Publication IV in the context of 
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sustainability legislation. That is, bioenergy businesses should influence the requirements 

that are included in standards and certification systems. 

A further approach that most bioenergy producers are likely to consider to be important 

is meeting customers’ requirements. However, the biofuel business that serves consumers 

is largely regulated, and consumer requirements could be few. In contrast, in the case of 

technology providers, the customer order largely determines the characteristics of the 

product. The boundary conditions for the product do not, however, exclude the oppor-

tunity to demonstrate the added value the customer will access from using the products; 

for example, a reduction of the customer’s GHG footprint. 

The results and the maturity model of corporate responsibility for sustainability reinforce 

the view previously presented in the scientific literature that corporate sustainability re-

quires more than managing the commonly acknowledged first prerequisites of sustainable 

business, compliance with legislation and business economic sustainability. However, 

these first steps towards sustainability could be burdensome as such.  

Publication I showed that the sustainability considerations that are related to the logistical, 

economic, regulatory and environmental conditions of establishing long-term business 

include a large variety of issues. Unless this mostly business-as-usual part of sustainabil-

ity (or as Publication III called it, sustainability-as-usual) is under control, proceeding 

towards more advanced sustainability considerations could be challenging. It seems that 

the logistical, economic, regulatory and environmental sustainability challenges could 

create significant obstacles or bottlenecks for the development of the bioenergy business. 

Publication I showed that the Russian wood pellet producers could face significant logis-

tical challenges when attempting to serve the European wood pellet demand; for example, 

the capacity and the compatibility of port infrastructure, as well as the economic condi-

tions, could be challenging. Competitors from, for example, North America that have 

access to large capacity vessels could gain a competitive advantage over Russian produc-

ers. However, in the case of the Russian wood pellet producers, a competitive advantage 

could be retrieved from the more beneficial GHG emission balance that is based on 

shorter sea transportation distances. However, initiatives that aim to protect the ecosystem 

of the Baltic Sea, which is a local sustainability issue, could undermine the possibilities 

for sea transportation.  

The results of the case study presented in Publication I further implied that the European 

quality standards, sustainability legislation and possibly demanding customers set high 

requirements for the management of the whole supply chain that could, in general, prove 

challenging for biofuel producers that are based in areas of less stringent legislation and 

standards. The research in Publication IV indicated that complying with the EU sustain-

ability legislation could represent a significant managerial challenge because it requires, 

at a minimum, a comprehensive knowledge of the legislative processes, an inventory of 

applicable legislation, and an understanding of the legislative requirements at both the 

EU and national level. Furthermore, to maintain compliance, businesses should allocate 

human resources to the key tasks associated with following, preferably anticipating, and 
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even influencing, the legislative developments at the EU level. Publication IV concluded 

that small enterprises and those companies that are strictly focused on their core business 

and maintaining profitability may experience difficulty securing these resources. 

Thereby, foreign bioenergy operators that seek new market opportunities and only begin 

to get acquainted with the EU legislation (also all other laws beyond sustainability legis-

lation) could find the EU a rather hostile business environment. For example, the capa-

bility to conduct advanced calculations of the GHG emission reduction potential of a bio-

fuel product is likely to be, or become, a precondition that must be met for providers to 

sell the product on the European market, along with the ambitious EU GHG emission 

reduction targets discussed in Section 1.1 and outlined in RED II proposal (COM(2016) 

767 final). Vice versa, the European bioenergy producers could be in an advantageous 

position from which they can identify new market areas. Previous literature has further 

discussed the impact of protectionist economic support policies as a barrier to interna-

tional bioenergy trade (Junginger et al., 2013). 

Publication III suggested that businesses at the maturity level of the sustainability orien-

tation do not operate distinctly from the other orientations. That is, bioenergy businesses 

at the level of sustainability orientation consider the same sustainability questions as the 

other orientations and utilise the same methods and tools. However, as the sustainability 

orientation has been reached, the perspective has shifted from business first to sustaina-

bility first, and the perspective with regard to the other orientations should change. The 

following chapters will address these changes. 

Traditionally, the first level of the profitability orientation is concerned with maximising 

profits and responsibility to shareholders. From the sustainability-first perspective, the 

objective of maximising profits changes towards ensuring sufficient profits to running a 

sustainable business. As Ketola (2010) stated, sufficient profits cannot be determined nor-

matively from outside, but should be determined within the organisation. In practice, 

shareholders are likely to require a certain return on capital and this represents profit for 

private good. However, the Economist (2005a) argued that the pursuit of private good 

does not exclude the opportunity to contribute to common good. This is somewhat con-

trary to the ideas presented by Ketola (2010) and Dyllick and Muff (2016), who asserted 

that the prerequisite of a truly sustainable business is the production of common good as 

opposed to private good; i.e., profit for shareholders.  

Efficiency improvements at the second level of the profitability orientation are welcome 

from the sustainability-first perspective; however, a more holistic as opposed to reduc-

tionist approach should be employed and, thereby, sub-optimisation and problem-shifting 

should be avoided. Publication II stated that bioenergy operators and EU-level steering 

approach resource efficiency from different perspectives. Bioenergy operators emphasise 

the optimisation of some resources, such as fertilisers and raw materials, from a business 

economic perspective. The policy approaches resource efficiency more from the perspec-

tive of operating within the planetary boundaries. The underlying motivation for resource-

saving activities varies, although the activity is similar. It is questionable as to whether 
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the motive of the activities matters and, consequently, whether the maturity level of sus-

tainability matters, if the result is equally beneficial with regard to global sustainability. 

Similarly, the Economist (2005a) argued that, unless a company’s activities are based on 

greed, the company is likely to consider a long time scale in planning its operations–

which is also essential in achieving sustainability–in its pursuit of economic self-interest 

and, thereby, contributes to common good, another prerequisite of sustainable business 

(Ketola, 2010; Dyllick and Muff, 2016). This idea would allow the profitability orienta-

tion to be a sufficient approach and healthy starting point for corporate sustainability. 

However, from the acceptability perspective, conscious choices to create value to the op-

erating environment and the ability to verify such actions to the stakeholders are crucial. 

Similarly, according to Publication IV, the first objective of the acceptability orientation, 

complying with legislative requirements, transforms into internalised responsibility for 

legislation that naturally includes active participation and interactivity in legislative pro-

cesses and anticipation when the maturity level of the sustainability orientation is reached. 

That is, the reactive approach to managing legislative requirements evolves towards a 

proactive approach. Publication IV stated that synergies may occur between the develop-

ment of the legislation maturity and the overall maturity of corporate responsibility for 

sustainability. Consequently, the development of legislation strategies and management, 

as described in Publication IV, could provide a familiar starting point for many businesses 

to also develop towards overall corporate sustainability. Aguinis and Glavas (2012), Pa-

pagiannakis et al. (2014) and Lozano (2015) further found that legislative requirements 

are an influential driver of corporate sustainability. However, as Publication II stated, 

current legislative sustainability criteria and indicators in the EU have a reductionist ap-

proach to sustainability and could result in unwanted trade-offs. Thereby, it is essential 

that bioenergy businesses engage in voluntary sustainability activities that reach beyond 

the compliant level and the legislative stakeholders in the quest to achieve corporate sus-

tainability (Publication II). 

The same development can be anticipated in responding to stakeholder requirements; 

from the sustainability-first perspective of the sustainability orientation, the approach to 

stakeholder requirements is rather more proactive than reactive, and the responsibility for 

sustainability does not depend on stakeholders’ requirements but on internal values and 

ethics. These considerations are in line with the arguments put forth by Heikkurinen 

(2013), who concluded that insourced ethical considerations are a prerequisite of a re-

sponsible corporate identity. These considerations are also in line with González-Benito 

and González-Benito (2006) and Lozano (2015), who argued that stakeholder require-

ments and expectations determine the level of maturity with regard to corporate respon-

sibility for sustainability. This is likely the case, especially when a reactive approach is 

employed, but applies to all approaches based on outsourced stakeholder responsibility 

and ethics (Heikkurinen and Ketola, 2012). 

Based on the results of Publication II, it is questionable as to whether a sustainability 

orientation that is distinct from acceptability exists. Publication II stated that the concept 

of acceptability of bioenergy operations could be related to the whole set of sustainability 



5 Discussion 124 

PCI, etc. and that the concept of acceptability covers different themes such as legislative 

compliance, justification of bioenergy, human, labour and property rights, resource avail-

ability, local environmental quality and attractiveness, biodiversity and productivity, eco-

nomic development, and human health and well-being. Acceptability is present also in 

the profitability orientation in the responsibility to shareholders, who are the accepting 

stakeholders. Publication II suggested that adopting the acceptability mindset and orien-

tation to sustainability could help bioenergy operators to advance towards greater ma-

turity of corporate responsibility for sustainability. Publication II asserted that the sus-

tainability principles and criteria that legislation, standards, certification systems and re-

search sources provide could take bioenergy operators quite far in terms of sustainability. 

The reliance on acceptability, which is based on seeking external acceptance from stake-

holders could, however, hinder companies from achieving sustainability (Shevchenko et 

al., 2016). Shevchenko et al. (2016) found that, although external stakeholders could de-

mand true sustainability, they allow partial sustainability (unsustainability) because com-

panies tend to take compensating actions to offset harmful impacts. Companies are, 

thereby, able to delay the difficult radical shift to sustainability. 

Publication II discussed the acceptability of bioenergy operations in depth and, in this 

discussion, touched upon the concept of relative sustainability, implying that the accept-

ability of bioenergy operations depends on their location. Legislation and stakeholders 

could give more freedom to the conduct of bioenergy operations in areas of less stringent 

legislation; for example, in developing countries. The minimum level of local acceptabil-

ity could, thus, be quite different, especially if developing countries mainly aim at eco-

nomic growth, whereas the EU also considers the environmental and social sustainability. 

In contrast, the sustainability orientation in the maturity model of corporate responsibility 

for sustainability must be independent of geographical location because, as Publication II 

stated, responsible business activities that operate regardless of the freedom given by the 

operating environment to activities that would be considered irresponsible by higher 

standards imply a high maturity of corporate responsibility for sustainability. Such re-

sponsibility could be manifested, for example, through voluntary environmental protec-

tion initiatives and the promotion of human rights according to the internal values, ethics 

and principles of the bioenergy company. 

5.1.3 Local sustainability in relation to global sustainability 

Previous scientific literature and the maturity model of corporate responsibility for sus-

tainability introduced in this thesis suggested that, at the highest level of the maturity of 

corporate responsibility for sustainability, bioenergy businesses should adopt the ideol-

ogy of absolute sustainability, contribute to the global sustainable development and con-

sider the absolute boundaries of sustainable business. This discussion might raise the 

question of whether context-specific or local sustainability should be considered or not at 

the level of the sustainability orientation.  
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The research presented in Publication II showed that, although sustainability aspects can 

be collected at the general level, only case-specific considerations show the whole com-

plexity of the sustainability of bioenergy systems. Ketola and Salmi (2010), who advocate 

for absolute, universal, strong sustainability, stated that local actions are important in the 

bioenergy business because global-level solutions are not defined and the principle “think 

globally, act locally” should be applied. Bocken et al. (2014) referred to previous litera-

ture that stated that a sustainable business model uses both a system- and company-level 

perspective. Publication III stated that the local context is a good starting point for busi-

nesses to reconsider their contribution to sustainability and to start pursuing a higher ma-

turity of responsibility for sustainability. 

Reliance solely on the sustainability of bioenergy because of the associated climate ben-

efits and a necessary substitution for non-renewable energy sources could trigger neglect-

ful responses to local sustainability questions and sustainability activities in general 

among business operators. The political (in this thesis from the EU perspective) and sci-

entific perception of bioenergy as a necessary replacement for non-renewable energy 

sources and as a means of mitigating climate change gives the bioenergy business support 

and fundamental permission to grow. However, research has found that the GHG emis-

sion reductions achieved when replacing fossil fuels with biofuels are not self-evident 

when the impact of bioenergy on carbon stocks is considered (Väisänen, 2014). Further-

more, as Publication III and Section 2.4 stated, although the bioenergy businesses provide 

vital ecosystem services for the fulfilment of the energy needs of humankind, the busi-

nesses compromise other ecosystem services that are linked both to the planetary sustain-

ability challenges and human needs. These trade-offs need to be considered. 

Dyllick and Muff (2016) highlighted that too few companies are aware of the current and 

potential contribution they make to sustainability issues on a larger (regional or global) 

scale, which, they continue, is an essential consideration for “a truly sustainable busi-

ness”. That is, developing an awareness of the contribution an operation makes to global 

prosperity is the key to running a sustainable business, even though business activities are 

conducted at a local level. Efforts to cement the global contribution have emerged in the 

recent years. The United Nations established the Sustainable Development Goals (SDGs) 

in 2015 that encourage all societal entities to contribute to sustainability at a global level 

(UN, 2015b). The establishment of the SDGs initiated, for example, an EU-funded re-

search effort to support the contribution businesses make to the achievement of the SDGs 

(Global Value Toolkit, 2017b). The aim of the Global Value research project is to provide 

the knowledge, tools and resources companies and stakeholders need to comprehensively 

assess and manage the impact their activities have on global sustainable development 

(Global Value Toolkit, 2017a). Another method by which companies could contribute to 

global sustainability is by committing to the achievement of science-based targets to re-

duce GHG emissions in line with the target of the Paris agreement (UN, 2015a) to limit 

the global average temperature increase to 2 degrees Celsius in comparison to pre-indus-

trial levels and publicly disclosing performance against these targets (Science Based Tar-

gets, 2017). The research outlined in Publication III had some similarities in that it aimed 
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to collect methods and tools by which companies in the bioenergy sector could manage 

their contribution to sustainability on both the global and local level. 

Planning the location of bioenergy operations is a relevant sustainability issue. Planning 

should take into account both the local link to planetary sustainability and local sustaina-

bility. Publication III evaluated locating bioenergy operations in the Brazilian Cerrado. 

Cerrado has a significant link with planetary sustainability challenges, especially from 

the perspective of biodiversity. The Cerrado has been classified as one of the most threat-

ened ecosystems in the world due to the rapid loss of its natural vegetation and biodiver-

sity as a result of agricultural expansion (Filoso et al., 2015). The contribution sugarcane 

cultivation makes to biofuel production in the Cerrado area leads to global biodiversity 

loss and this could be one reason as to why bioenergy operations should not be located in 

the Cerrado. The Brazilian Amazon, although geographically different from the Cerrado, 

is another area that is well known for its global significance. Land use change in this area 

resulted in massive destruction of tropical rainforest and had a direct impact on the cli-

mate (Nepstad et al., 2009). As such, it serves as a warning of the need to plan the location 

of bioenergy operations carefully. 

Sustainability-oriented bioenergy businesses further consider their potential to contribute 

to the fulfilment of local needs by their business, resources and know-how. Publication 

III suggested that the biofuel operators could consider, for example, their potential to 

contribute to the reliability of electricity distribution to ensure local access to energy and 

to the abolishment of child labour in agricultural production. Numerous opportunities to 

contribute to local sustainability could arise. The local needs are linked with the global 

needs. For example, poverty and hunger have been acknowledged as serious global social 

sustainability challenges (Raworth, 2012; UN, 2015b). 

In the local context, the acceptability of bioenergy operations could be approached from 

the perspective that was introduced in the context of ecosystem services and the bioenergy 

operations that provide or compromise them in Section 2.4. Publication II stated that hu-

man rights are often a legal requirement, at least in developed countries. However, the 

idea of human rights can be taken from the mandatory level to a voluntary level, as bio-

energy operators could aim to ensure that the bioenergy operations do not compromise 

the quantitative or qualitative availability of local resources; for example, the use of land 

or water that is required for various local purposes. In the case of local resources, the local 

context and local relative sustainability are relevant. In addition, bioenergy operators 

could consider the added value they could provide locally, for example, through improv-

ing the quality of their employees’ life or through improving the quality of the local re-

sources available to both human and non-human users. Although human needs are uni-

versal, the local emphasis on the most pressing needs could vary. The most pressing needs 

could occur in developing countries. As such, bioenergy operators could well find oppor-

tunities to contribute to the local sustainability in those areas and, thereby, gain long-term 

acceptance for the bioenergy operations that it locates in those areas. However, compro-

mising the availability of possibly scarce resources in those areas should be strictly 

avoided. 
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In local sustainability activities, it could be essential to be aware of the idea of sufficiency 

that is characteristic to the sustainability orientation in terms of business profits. Accord-

ing to the sustainability orientation, the purpose of business is to produce common good 

instead of private good. This could be applied at the local level if businesses respond to 

urgent local needs but do not enhance local prosperity beyond sustainable limits and, 

thereby, do not favour the local community of their direct operational environment at the 

expense of other communities located elsewhere in the world. According to absolute and 

strong sustainability, those people and environments that are located far away should be 

as important as those that are in close proximity. In practice, choosing not to not favour 

the local community could be difficult because it is likely to be a win-win situation for 

both the local community and the company. This situation is characteristic to the profita-

bility-acceptability orientation and relative and weak sustainability.  

Similarly, as companies face pressures, requirements and expectations from stakeholders, 

they should consider whether responding to those requirements contributes to relative and 

weak or absolute and strong sustainability. If stakeholders had their own maturity levels 

of responsibility for sustainability, responding to those stakeholder requirements that re-

flect the level of the sustainability orientation would contribute to absolute and strong 

sustainability. Stakeholders could also present requirements that are fundamentally of 

their own interest. However, the stakeholders’ perspective could secondarily contribute 

to absolute and strong sustainability or at least not undermine the achievement of the 

objectives of absolute and strong sustainability (stakeholders could be unaware of the link 

to absolute and strong sustainability while presenting these requirements). Furthermore, 

stakeholders could present requirements that are subjective and based purely on their own 

interests. These would contribute to relative and weak sustainability. It could be problem-

atic for a company to address the stakeholder requirements that are further controversial 

with each other and in conflict with the sustainability ambitions of the company (Oliver, 

1991; Freeman et al., 2011). 

As stated above, in the context of common business approaches to sustainability and their 

relation to the holistic approach, the regulatory environment in the EU sets high standards 

for bioenergy operators and the achievement of these could be challenging for some par-

ties; for example, for biofuel producers that are based in areas of less stringent legislation 

and standards yet aim to sell their products within the European market. The advantage 

of the sustainability orientation is that, because it is independent of geographical location, 

as stated in Section 5.1.2, it provides a good starting point for businesses based anywhere 

to pursue new market areas worldwide through a proactive attitude to sustainability. 

Solely local bioenergy operators could consider an approach that is based on relative weak 

sustainability to be sufficient. In areas that lack ambitious political sustainability targets 

and sustainability-related legislation and where stakeholders do not present sustainability 

requirements, a bioenergy operator could be seen as delivering excellent sustainability 

improvements if it takes into account any further, often environmental or social, sustain-

ability aspects that deliver added value to the society. However, this would represent lo-

cal, relative and subjective sustainability excellence.  



5 Discussion 128 

5.2 Limitations of the results and quality of the research 

The quality of the methods was evaluated in Section 3. Thereby, this section concentrates 

on evaluating the validity of the results and the trustworthiness of the conclusions derived 

from the results. 

The objective of this thesis was to provide insight into the prerequisites to develop holis-

tically sustainable bioenergy business. The research questions further considered the sus-

tainability of bioenergy business in general. The case studies, however, restrict the scope 

of this thesis to biofuel producers and to biofuel products. Biofuels are the end-products 

of the supply chain and provide energy as their (ecosystem) service. The bioenergy busi-

ness perspective considered in this thesis can be described according to what Section 1.5 

explains: biofuel producers represent the whole supply chain as the responsible party for 

verifying compliance with legislative requirements (2010/C 160/01) and end-producers 

are likely to face most pressures from stakeholders  and exhibit proactive behaviour (Gon-

zález-Benito and González-Benito, 2006). The results are, therefore, mainly applicable in 

the context described above to those operators that produce different biofuels (solid, liq-

uid or gaseous) for different purposes (transport, electricity, heating and cooling). The 

discussion section shortly addresses other bioenergy business operators. However, sys-

tematic description of the maturity levels of corporate responsibility for sustainability of 

other bioenergy business operators including bioenergy providers, biomass suppliers and 

technology providers would provide new perspectives on holistically sustainable bioen-

ergy business and the sustainability of bioenergy systems. 

As stated above, the research described in this thesis was limited to biofuel producers, 

whose business was the unit of analysis. Loorbach et al. (2010) stated that sustainability 

research has traditionally concentrated on the sustainability of business at a company or 

industry level; however, a broader, non-isolated systems perspective is required to avoid 

the development and implementation of sub-optimal solutions to sustainability issues. 

Therefore, the narrow scope of this research implies that the results of this thesis are in-

herently limited. The sustainability of bioenergy systems could have been studied in the 

broader context of energy systems and societies. However, the research materials indi-

cated that bioenergy business operators consider the sustainability of bioenergy systems 

from a system expansion perspective to some extent. That is, they compare the sustaina-

bility of energy production and transportation using biofuels and using competing energy 

sources and technologies. The research approach in this thesis is supported by the previ-

ous research conducted by Baumgartner and Ebner (2010) and Ketola (2010), who stated 

that the importance of sustainability aspects and the content of corporate environmental, 

social and economic responsibility depends on the industry and the characteristics of the 

company involved. In that sense, corporate sustainability is relative, and that idea justifies 

the approach that was taken in this research; i.e., to focus on the bioenergy business. Fur-

thermore, there can be many different paths to sustainability (Ketola, 2010). 

The research considers bioenergy companies as unities. Heikkurinen (2013) questioned 

whether an organisation is a proper unit of analysis and whether it is sufficient to have 
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one orientation to sustainability because, fundamentally, an organisation consists of indi-

viduals in different roles. This research has assumed that a business organisation adopts 

a collective position to sustainability. However, it should be noted that full consensus 

does not necessarily exist within a company and while some views on sustainability pre-

vail, others may be suppressed (Heikkurinen, 2013). Different opinions and attitudes 

could occur between different individuals, teams, managers, divisions and between share-

holders, members of the board of directors and the chief executive officer that all have 

their own interests. 

This thesis introduced the maturity model of corporate responsibility for sustainability, 

for which previous literature laid a firm foundation. The research literature did not, how-

ever, specifically address maturity in the context of bioenergy; therefore, the established 

model remained relatively universal. Therefore, the model is still applicable to many com-

panies and industries in general. The model was developed in the course of the research 

from the version that was introduced in Publication II to the version that was introduced 

in Publication III. The research in this thesis described the levels of the model in the 

context of bioenergy business, and specifically, biofuel producers. The descriptions in-

cluded bioenergy sustainability themes, questions, methods and tools according to the 

first research question.  

The maturity models that were used as tools to organise the data in Publication II, Publi-

cation III and Publication IV guided the categorisation of data to describe the models. 

The use of these model as organising tools helped to ensure that the research was con-

ducted in a consistent manner. However, the research may lack the insights that could 

have been generated via a more inductive research approach that builds theory from the 

data. It can be argued, though, that irrespective of methods used the process of answering 

those types of research questions that were posed in this thesis is subject to interpretations 

made by and characteristics, philosophy, opinions and attitudes of the researcher. These 

sources of uncertainties apply to categorising sustainability themes, questions, methods 

and tools into the levels of the maturity model of corporate responsibility for sustainabil-

ity (first research question), to the identification of common bioenergy business ap-

proaches to sustainability and their relation to holistically sustainable bioenergy business 

(second research question) and to the relation of developing sustainable bioenergy busi-

ness in the local context to contributing to global sustainability through bioenergy busi-

ness (third research question). The uncertainties related to subjectivity further apply to 

the directions that the discussion has taken and the conclusions. However, the underlying 

perspectives to sustainability, corporate sustainability and corporate responsibility for 

sustainability have been explained in this thesis (Section 2). 
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5.3 Implications 

This thesis presents the maturity model of corporate responsibility for sustainability as a 

theoretical implication. The model distinguishes different mindsets or orientations that 

bioenergy operators could adopt with regard to sustainability. Another theoretical impli-

cation is the legislation maturity model, which shows that the different legislation ma-

turity profiles characterised using different strategies and activity levels with regard to 

legislative requirements can be distinguished among bioenergy operators. Both models 

provide a foundation for further empirical studies, which could also utilise, test, develop 

or falsify the models in contexts other than the bioenergy industry. 

As a practical implication, the research has highlighted that bioenergy businesses are re-

quired to manage a large extent of diverse sources of sustainability requirements at dif-

ferent levels of their operating environment together with extensive amounts of infor-

mation. This thesis has systematically described the sustainability dimensions, levels and 

aspects. Simultaneously, the holistic systems approach does not allow the division of the 

responsibility for sustainability into different operations but requires assigned managers 

who have a holistic view of the full sustainability practices that are in force within the 

company. However, one risk of this approach is that the rapid and flexible actions that 

are required to respond to pressing sustainability challenges are replaced by slow and 

bureaucratic management processes.  

As another practical implication, this thesis suggests that there is a need for transdiscipli-

nary personnel in bioenergy companies who understand sustainability in its entirety. 

Knowledge and perspectives from multiple disciplines can be utilised to develop a holistic 

understanding of sustainability and to initiate sustainable change from both the top-down 

and the bottom-up.  

The introduced maturity model of corporate responsibility for sustainability could provide 

insights for bioenergy operators other than biofuel producers, which provided the per-

spective for developing the model. At best, it could raise the awareness among businesses 

that all companies are involved in activities related to sustainability to some extent; as 

such, it should not be viewed as a distant or undefined concept with regard to everyday 

business. Furthermore, the research could provide business operators with insights into 

the further steps they can take towards sustainability. For example, they could develop 

the common business operations related to legislative and stakeholder requirements into 

a more proactive direction and broaden the perception of the bioenergy system. 

The results of Publication IV have implications related to management practice, and spe-

cifically, to the management of legislative requirements. The results help managers to 

assess the strategies that are in use, to more systematically select strategies, to understand 

the spatial and temporal scales and to efficiently allocate resources to the management of 

legislation.  
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The political implications of this research could be summarised in line with the conclu-

sions by Heikkurinen (2013). Because many bioenergy operators rely on compliance with 

the sustainability criteria in legislation, standards and certification systems, these regula-

tory instruments should be developed so that their steering power is utilised to initiate 

more holistic system-level sustainability considerations instead of maintaining the current 

focus on specific issues. This research has highlighted that bioenergy businesses should 

realise that legislation is an internal issue in contrast to an external pressure exerted by 

politicians, legislators and authorities, and that the development of expedient legislation 

is a common effort. In general, the responsibility for achieving sustainability within the 

bioenergy system does not exclusively concern companies, legislators or other stakehold-

ers. 
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6 Conclusions 

This section presents the final remarks on the thesis by stating the contribution it makes 

to existing knowledge and providing a set of recommendations for further research. 

6.1 Contribution to knowledge 

This thesis makes a positive contribution to existing theoretical knowledge by defining 

business sustainability or corporate sustainability, a concept that is lacking scientific con-

sensus, as corporate responsibility for sustainability. It also presented the respective ma-

turity model based on previous research and described its orientations in the bioenergy 

context. The research that was conducted as part of this thesis was in line with previous 

research literature in that it described how different levels of business maturity with re-

gard to corporate responsibility for sustainability can be distinguished. Thus, this thesis 

suggested that a maturity model of corporate responsibility for sustainability can be ap-

plied to bioenergy businesses. 

The thesis reinforced existing perceptions of sustainability as a multi-level and multi-

dimensional concept. The thesis further acknowledged that sustainability management 

should be taken seriously to avoid problem-shifting and unwanted trade-offs, be they ge-

ographically, temporally, between the global and local level, between environmental im-

pact categories and/or between different groups of people or nations.  

From the business perspective, sustainability management can be challenging. This thesis 

attempted to systematically capture the complexity of sustainability by organising its el-

ements in such a way that made sustainability comprehensible and attainable to bioenergy 

business operators. The research guided sustainability thinking in the context of bioen-

ergy systems beyond the traditional greenhouse gas emissions and energy balance by in-

troducing a large variety of sustainability questions. Concomitantly, the research brought 

the idea of sustainability closer to practical business operations. Furthermore, the research 

encouraged business operators to realise the indispensability of sustainability and to be 

open to the opportunities sustainability introduces instead of fearing the threats that the 

sustainability movement poses to continuing business-as-usual practices. Although sus-

tainability can be considered to be a normative concept, this research suggested that it can 

be a business mindset (sustainability orientation) and that sustainable activities can orig-

inate from internal ethics, responsibility and enthusiasm of business operators. 

Sustainability includes aspects that can be considered as business-as-usual, or sustaina-

bility-as-usual, that could be easily assimilated by any business operator and managed by 

employing a reactive and traditional reductionist eco-efficiency approach to sustainabil-

ity. However, businesses should adopt sustainability requirements from legislation, dif-

ferent stakeholders and the absolute boundaries of sustainability as an internal issue to 

proceed towards corporate sustainability and shift from a reactive to a proactive mode 

with regard to such requirements. The advanced and mature approach to sustainability 
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requires a solid value base from businesses, the resilience to operate according to internal 

ethics, the ability to understand system scale transitions to sustainability and the capabil-

ity to link the local sustainability contributions to the global sustainable development 

needs. Considering sustainability in the local context is essential in bioenergy operations. 

6.2 Recommendations for further research 

This research raised sustainability questions and presented different methods and tools by 

which these questions could be managed. Further research should consider the sustaina-

bility solutions that can effectively solve local and global sustainability challenges. The 

answers to the sustainability questions and solutions to sustainability challenges may vary 

according to the different maturity levels of corporate responsibility for sustainability and 

between bioenergy companies that operate at different stages of the supply chain. 

The descriptions of the maturity model of corporate responsibility for sustainability as 

well as the legislation maturity model should be further developed so that it can be applied 

to additional bioenergy operators other than biofuel producers. Such operators include 

bioenergy providers, biomass suppliers and technology providers. It will be useful to 

study the significance of holistic sustainability management among such operators that 

are not end-product producers, which typically have high power over the supply chain 

and responsibility for sustainability. Furthermore, it could be useful to explore the ap-

plicability of the maturity models to other industries and to other types of organisations. 

The other types of organisations could include companies that have developed sustainable 

business models and non-commercial organisations. 
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Appendix A: Steering literature data 

The data have been partly abbreviated from the original data that are presented in the 

references. The abbreviation causes that the formulation of the data (e.g. descriptive or 

prescriptive) may deviate from the original formulation as presented in Table 3.4. In the 

table below: 

Life cycle stages 

1 Raw material selection and acquisition 

2 Refining and logistics 

3 Use, energy production, reuse, recycling, waste management 

Sustainability dimensions 

EN Environmental  

SO Socioeconomic 

BE Business economic 

 

Data from steering literature (abbreviated): RSB, 2013, pp. 8-30 Categorisa-

tion into 

life 

cycle 

stages 

sus-

taina-

bility 

di-

men-

sions 

Principles Criteria; See the sub-criteria for each cri-

terion from RSB (2013). The sub-criteria 

were categorised similarly as the respec-

tive criteria. Each list of sub-criteria in 

RSB (2013) were counted in as one crite-

rion. 

1 2 3 E

N 

S

O 

B

E 

Minimise air pollu-

tion. 

Air management plan x x   x     

Avoid and eliminate open-air burning x x   x     

Avoid negative im-

pacts on biodiver-

sity, ecosystems, 

Maintain or enhance conservation values x     x     

Maintain or enhance ecosystem functions and 

services. 

x     x     
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and conservation 

values. 

Protect, restore or create buffer zones. x     x     

Protect, restore or create ecological corridors. x     x     

Prevent invasive species. x     x     

Reduce life cycle 

GHG emissions as 

compared to fossil 

fuels. 

Comply with regional policies and regula-

tions 

x x x x     

Use the RSB lifecycle GHG emission calcu-

lation methodology 

x x x x     

Biofuel blends shall have on average 50% 

lower life cycle GHG emissions than fossil 

fuels. 

x x x x     

Human rights, la-

bour rights, decent 

work, well-being of 

workers  

Freedom of association, the right to organise, 

and the right to collectively bargain 

x x x   x   

No slave or forced labour x x x   x   

No child labour x x x   x   

No discrimination x x x   x   

Wages and working conditions in compliance 

with laws. Equal wage for men and women. 

x x x   x   

Occupational safety and health according to 

international standards 

x x x   x   

Human rights and labour rights equally for 

labour contracted through third parties 

x x x   x   

Respect land and 

land use rights. 

Assess and document land and land use 

rights. 

x       x   

Free, Prior, and Informed Consent as basis 

for all negotiated agreements 

x       x   

Compliance with 

legislation 

Compliance with local laws and international 

agreements 

x x x   x x 

Food security Risk assessment of local food security x x     x   

Enhance food security in food insecure loca-

tions. 

x x     x   

Planning, imple-

mentation and con-

tinuous improve-

ment of biofuel op-

erations through 

open, transparent 

and consultative im-

pact assessment and 

management pro-

cess and economic 

viability analysis. 

Impact assessment process x x x x x x 

Business plan x x x   x x 

Free, Prior & Informed Consent in stake-

holder consultation. 

x x x   x x 
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Contribution to the 

social and economic 

development of lo-

cal, rural and indig-

enous people and 

communities 

Improve the socioeconomic status of local 

stakeholders. 

x x x   x   

Measures that benefit and encourage the par-

ticipation of women, youth, indigenous com-

munities and the vulnerable in biofuel opera-

tions 

x x x   x   

Reverse soil degra-

dation and/or main-

tain soil health. 

Practices to maintain or enhance soil physi-

cal, chemical, and biological conditions 

x x   x     

Technologies to 

maximise efficiency 

and social and envi-

ronmental perfor-

mance and mini-

mise risks to the en-

vironment and peo-

ple 

Information on the use of technologies in bio-

fuel operations fully available 

x x x x x   

Technologies that include genetically modi-

fied organisms minimise risks to environ-

ment and people and improve environmental 

and social performance. 

x x x x     

Prevent the release of risky micro-organisms. x x x x x   

Good practices for the storage, handling, use, 

and disposal of biofuels and chemicals 

x x x x     

Management of residues, waste and by-prod-

ucts to prevent damage to soil, water and air 

physical, chemical, and biological conditions 

x x x x     

Maintain or en-

hance the quality 

and quantity of wa-

ter resources and re-

spect water rights. 

Respect the existing water rights of local and 

indigenous communities. 

x x   x x   

Water management plan for efficient water 

use and to maintain/enhance water quality 

x x   x     

No depletion of surface or groundwater re-

sources beyond replenishment capacities 

x x   x     

Contribution to the enhancement or maintain-

ing of the quality of the surface and ground-

water resources 

x x   x     
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Data from steering literature (abbreviated): SFS-EN 16214-3, 

2012, pp. 10-15 

Categorisa-

tion into 

life 

cycle 

stages 

sus-

taina-

bility 

di-

men-

sions 

Criteria Sub-criteria 1 2 3 E

N 

S

O 

B

E 

Maintain rare, 

threatened and 

endangered spe-

cies' habitat and 

ecosystem integ-

rity. 

No disturbing on-site operations during rainy 

season 

x     x     

No disturbing on-site operations during nesting 

season 

x     x     

No disturbing on-site operations during breeding 

season 

x     x     

No disturbing on-site operations during other 

critical seasons 

x     x     

Maintain critical habitat spatial components 

needed for the functionality of the ecosystem 

and species 

x     x     

Maintain critical corridors for species needed for 

the functionality of the ecosystem and species 

x     x     

Maintain critical roaming space for species 

needed for the functionality of the ecosystem 

and species 

x     x     

Maintain critical food for species needed for the 

functionality of the ecosystem and species 

x     x     

Maintain critical water for species needed for the 

functionality of the ecosystem and species 

x     x     

Maintain critical shelter for species needed for 

the functionality of the ecosystem and species 

x     x     

Maintain critical natural canopy openings 

needed for the functionality of the ecosystem 

and species 

x     x     

Maintain targeted species populations and com-

munities: no significant changes in crop rotation 

x     x     

Maintain targeted species populations and com-

munities: no shortening of fallow periods 

x     x     
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Maintain targeted species populations and com-

munities: no negative changes in nutritious sta-

tus/pH 

x     x     

Maintain targeted species populations and com-

munities: no negative changes in water regime 

x     x     

Maintain targeted species populations and com-

munities: no negative changes in control pests 

x     x     

Maintain targeted species populations and com-

munities: no negative changes in invasive spe-

cies 

x     x     

Afforestation is not in conflict with the nature 

protection purposes. 

x     x     

Deforestation is not in conflict with the nature 

protection purposes. 

x     x     

Establishment of new crops is not in conflict 

with the nature protection purposes. 

x     x     

Restoration activities are not in conflict with the 

nature protection purposes. 

x     x     

Preserve highly 

biodiverse non-

natural grass-

lands. 

Preserve species x     x     

Prescription of management methods for har-

vested area 

x     x     

Prescription of necessary harvesting practices in 

comparable highly biodiverse non-natural grass-

lands 

x     x     

Scientific literature on necessary harvesting 

practices exists 

x     x     

Do not disturb 

nutrient balance 

or soil buffering 

capacity. 

Nutrient input to balance nutrient loss x     x     

Previously un-

drained peatland 

on 1st January 

2008 is not be-

ing drained. 

No drainage works x     x     

Previously un-

drained peatland 

on 1st January 

2008 is not be-

ing drained. 

No additional ditches or deepening of ditches x     x     

Tolerable subsidence x     x     
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No soil erosion, 

soil compaction 

or change in soil 

structure 

Management documentation/strategy to prevent 

soil damages: soil/terrain classification maps, 

route maps for terrain transports 

x x x x     

Measures to prevent soil damages: terrain 

transport along height curves 

x x x x     

Measures to prevent soil damages: physical 

means to protect soils during heavy terrain 

transport 

x x x x     

Measures to prevent soil damages: seasonal ad-

aptation 

x x x x     

Measures to prevent soil damages: instructions x x x x     

No significant 

negative change 

in water re-

sources 

Water management documentation: protection of 

riparian buffer zones 

x x   x     

Water management documentation: preventive 

measures against nutrient accumulation/eutroph-

ication 

x     x     

No observable negative changes in water quality 

and/or sustainable supply of water: protection of 

riparian buffer zones 

x     x     

No observable negative changes in water quality 

and/or sustainable supply of water: measurement 

of nutrient accumulation/eutrophication 

x     x     

No observable negative changes in water quality 

and/or sustainable supply of water: instructions 

x     x     

 

Data from steering literature (abbreviated) Categorisa-

tion into 

life 

cycle 

stages 

sus-

taina-

bility 

di-

men-

sions 

Criteria Reference 1 2 3 E

N 

S

O 

B

E 

Biofuels and bioliquids shall not be made from raw 

material obtained from land with high carbon stock. 

2009/28/EC, 

article 17 

x     x     

Agricultural raw materials: support schemes for 

farmers 

2009/28/EC, 

article 17 

x       x   

GHG emission saving at least 50%, 1 January 2018 

onwards at least 60% for installations in/after 2017. 

2009/28/EC, 

article 17 

x     x     
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Biofuels and bioliquids shall not be made from raw 

material obtained from land that was peatland in 

January 2008. 

2009/28/EC, 

article 17 

x     x     

Biofuels and bioliquids shall not be made from raw 

material obtained from land with high biodiversity 

value. 

2009/28/EC, 

article 17 

x     x     

Primary biomass used in energy installations or 

used by grid biomethane installations shall not be 

made from raw material obtained from land with 

high biodiversity value 

Draft pro-

posal for a di-

rective on 

sustainability 

criteria for 

solid and gas-

eous biomass 

and bio-

methane, arti-

cle 3 

x     x     

Primary biomass used in energy installations or 

used by grid biomethane installations shall not be 

made from raw material obtained from land with 

high carbon stock. 

Draft pro-

posal for a di-

rective on 

sustainability 

criteria for 

solid and gas-

eous biomass 

and bio-

methane, arti-

cle 3 

x     x     

Primary biomass: support schemes for farmers Draft pro-

posal for a di-

rective on 

sustainability 

criteria for 

solid and gas-

eous biomass 

and bio-

methane, arti-

cle 3 

x       x   

Sustainably managed forests: yields, biodiversity, 

carbon stocks 

Draft pro-

posal for a di-

rective on 

sustainability 

criteria for 

solid and gas-

eous biomass 

x     x     
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and bio-

methane, arti-

cle 3 

GHG emission saving at least 60 %. Draft pro-

posal for a di-

rective on 

sustainability 

criteria for 

solid and gas-

eous biomass 

and bio-

methane, arti-

cle 3 

x x x x     

Primary biomass used in energy installations or 

used by grid biomethane installations shall not be 

made from raw material obtained from land that 

was peatland... 

Draft pro-

posal for a di-

rective on 

sustainability 

criteria for 

solid and gas-

eous biomass 

and bio-

methane, arti-

cle 3 

x     x     

 

Data from steering literature (abbreviated): ISO 13065 draft, 

version September 2014 

Categorisa-

tion into 

life 

cycle 

stages 

sus-

taina-

bility 

di-

men-

sions 

Principles Criteria Indicator 1 2 3 E

N 

S

O 

B

E 

Respect 

human 

rights. 

Provide infor-

mation on how 

the Universal 

Declaration of 

Human Rights is 

addressed. 

Number of final, binding and unap-

pelable decisions of an applicable 

judicial authority against the eco-

nomic operator related to the viola-

tion of human rights that remain 

unresolved. 

x x x   x x 
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The economic operator's senior 

management has approved, then 

both internally and externally com-

municated to personnel, business 

partners and other relevant parties, 

human rights expectations of those 

directly linked to itse operations, 

products or services. 

x x x   x x 

The economic operator has re-

flected the stated human rights ex-

pectations in operational require-

ments or practices throughout its 

organization. 

x x x   x x 

Respect  

labour 

rights. 

Provide infor-

mation on how 

forced labour is 

addressed. 

Describe policies and practices ad-

dressing forced labour. 

x x x   x   

Percentage of employees who have 

the ability to terminate their own 

employment without intended hin-

drance by the employer. 

x x x   x x 

Percentage of employees who do 

not receive the overtime compensa-

tion that they have earned and are 

entitled to receive. 

x x x   x x 

Provide infor-

mation on how 

child labour is 

addressed. 

Describe policies and practices ad-

dressing child labour. 

x x x   x   

Number of workers defined as chil-

dren in accordance with applicable 

law or Annex B. 

x x x   x   

Number of children that perform 

regular work 

x x x   x   

Number of children that perform 

light work 

x x x   x   

Provide infor-

mation on how 

collective bar-

gaining rights 

are addressed. 

Describe how legally granted col-

lective bargaining rights are ad-

dressed, including non-interference 

with such rights. 

x x x   x   

Provide infor-

mation on how 

working condi-

tions including 

Number and percentage of employ-

ees covered by a legally enforcea-

ble contract or equivalent docu-

ment covering their wages and 

working conditions. 

x x x   x x 
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social security 

are addressed. 

Describe policies and procedures 

regarding how employees are 

trained for the assigned work. 

x x x   x   

Describe health, safety and hygiene 

policies and practices. 

x x x   x   

Describe policies and practices re-

lated to discrimination. 

x x x   x   

Percentage of employees who have 

been trained in health, safety, hy-

giene and discrimination policies 

and practices 

x x x   x x 

Respect 

land use 

rights. 

Provide infor-

mation on how 

land use rights 

are addressed. 

Where traditional land use rights 

are applicable, is there documented 

evidence of a process for consult-

ing and gaining free, prior and in-

formed consent for the right to use 

the land, and documented evidence 

of the outcomes? 

x       x   

[a] Where the competent national 

authority has determined that there 

are direct effects on local food se-

curity from land use change result-

ing from the process being as-

sessed, is there evidence of free, 

prior and informed consent from 

local stakeholders? 

x       x   

Where local stakeholder consent 

has been sought (as in [a]), de-

scribe the area considered to be lo-

cal and the process to determine 

that area. 

x       x   

Respect 

water use 

rights. 

Provide infor-

mation on how 

water availabil-

ity for human 

consumption 

and food pro-

duction are ad-

dressed in water 

scarce-countries. 

[b] Describe procedures taken to 

identify potential impacts on water 

availability within the affected lo-

cal community, including the im-

pact on water quantity and quality 

for human consumption and food 

production. 

x       x   

Describe the process to determine 

the affected local community. 

x       x   
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[c] List the potential impacts that 

were identified by applying the 

procedures under [b]. 

x       x   

Describe measures taken to address 

the potential impacts listed under 

[c]. 

x       x   

Produce 

and trade 

bioenergy 

in an eco-

nomically 

and finan-

cially via-

ble way. 

Provide infor-

mation on fraud-

ulent, deceptive 

or dishonest 

commercial 

business or con-

sumer practices. 

[d] Does the economic operator 

have procedures to identify poten-

tial issues regarding fraudulent, de-

ceptive or dishonest commercial 

business or consumer practices? 

x x x     x 

[e] Can the economic operator de-

scribe the measures taken to ad-

dress identified issues regarding 

fraudulent, deceptive or dishonest 

commercial business or consumer 

practices identified under [d]? 

x x x     x 

Can the economic operator report 

on key parameters, assessments or 

metrics used to quantify the effect 

of measures taken under [e]? 

x x x     x 

Provide infor-

mation on finan-

cial risk man-

agement. 

[f] Does the economic operator 

have procedures to identify poten-

tial financial risks? 

x x x     x 

[g] Can the economic operator de-

scribe the measures taken to ad-

dress financial risks that were iden-

tified by applying the procedures 

under [f]? 

x x x     x 

Can the economic operator report 

on key parameters, assessments or 

metrics used to quantify the effect 

of measures taken under [g]? 

x x x     x 

Reduce 

GHS emis-

sions from 

anthropo-

genic 

sources. 

Provides infor-

mation on life 

cycle GHG 

emissions and 

removals. 

Provide a) sufficient data to allow 

the calculation of GHG emissions 

and GHG removals on a life cycle 

stage, or b) GHG emissions and 

GHG removals of one or more pro-

cesses (partial carbon footprint) ex-

pressed in gCO2e per delivered unit 

or c) life cycle GHG removals of 

the bioenergy processes expressed 

in gCO2e per MJ energy delivered. 

x x x x     
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When a comparison is done, the 

life cycle GHG emissions and 

GHG removals of the energy that 

the bioenergy replaces expressed in 

gCO2e per functional unit shall be 

calculated and documented. 

x x x x     

Conserve 

and protect 

water re-

sources. 

Provide infor-

mation on how 

quantity and 

quality of water 

drawn and re-

leased are ad-

dressed. 

[h] Describe procedures taken to 

identify potential impacts on water 

quantity including consideration of 

water depletion and other key 

chemical, physical and/or biologi-

cal parameters. Describe proce-

dures taken to identify potential 

impacts on water quality, including 

consideration of eutrophication and 

oxygen depletion and other key 

chemical, physical and/or biologi-

cal parameters. Impacts to water 

quantity and quality shall address 

impacts to water sources and re-

ceiving bodies. 

x x x x x   

[i] List the impacts of water with-

drawal on the quantity and quality 

of water in the water source that 

were identified by applying the 

procedures under [h]. 

x x x x     

[j] List the impacts on the quantity 

and quality of water as a result of 

releases into a receiving body that 

were identified by applying the 

procedures under [h]. 

x x x x     

Describe measures taken to address 

the identified impacts on water 

quantity and quality. 

x x x x     

Report the absolute or net value of 

key parameters or metrics used to 

measure the effect of addressing 

the impacts identified in [i] and [j]. 

x x x x     

Protect soil 

quality and 

productiv-

ity. 

Provide infor-

mation on how 

soil quality and 

productivity are 

addressed. 

[k] Describe procedures undertaken 

to identify potential impacts on soil 

quality and productivity, including 

consideration of organic carbon, 

nutrients, salinization and water 

holding capacity, and other key 

x     x     
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chemical, physical and/or biologi-

cal parameters. 

[l] List impacts on soil quality and 

productivity that were identified by 

applying the procedures under [k]. 

x     x     

Describe measures taken to address 

soil quality (chemical, physical and 

biological) and productivity im-

pacts as identified in [l]. 

x     x     

[m] Describe procedures to identify 

the potential for soil erosion in-

cluding potential erosion resulting 

from rainfall, runoff and/or wind. 

x     x     

[n] List drivers of soil erosion as 

identified in [m] and describe 

measures undertaken to address 

them. 

x     x     

Report the values and trends of key 

chemical, physical and biological 

parameters or metrics used to 

measure the effect of addressing 

the impacts identified in indicator 

[l] and the drivers identified in in-

dicator [n] on a periodic basis. 

x     x     

Promote 

good air 

quality. 

Provide infor-

mation on how 

air emissions are 

addressed. 

[o] Describe procedures taken to 

identify potential air emission 

sources and contaminants having 

impacts including consideration of 

sulfur oxides (SOx), nitrogen ox-

ides (NOx), particulate matter 

(PM), volatile organic compounds 

(VOC), carbon monoxide (CO), 

ammonia (NH3) and heavy metals. 

x x x x     

[p] List potential air emission 

sources, emission rates and impacts 

that were identified by applying the 

procedures under [o]. 

x x x x     

Describe the measures taken to ad-

dress identified air emissions and 

impacts listed under [p]. 

x x x x     
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Report the value and trends of key 

parameters or metrics used to 

measure the effect of addressing 

the impacts identified in indicator 

[p]. 

x x x x     

Promote 

the posi-

tive and re-

duce the 

negative 

impacts on 

biodiver-

sity. 

Provide infor-

mation on how 

biodiversity val-

ues are ad-

dressed in areas 

directly and in-

directly af-

fected. 

[q] Describe procedures undertaken 

to identify potential impacts on bi-

odiversity, including ecosystems, 

habitats and identified rare, threat-

ened and vulnerable species of lo-

cal, regional or global importance, 

including information about re-

strictions on the activities due to 

biodiversity protection purposes. 

x     x     

[r] List the potential impacts on bi-

odiversity that were identified by 

applying the procedures under [q]. 

x     x     

Describe measures taken to address 

the identified impacts on biodiver-

sity including those measures ad-

dressing biodiversity protection re-

strictions. 

x     x     

Report the value of key parameters 

or metrics used to measure the ef-

fect of addressing the impacts iden-

tified in indicator [r]. 

x     x     

Provide infor-

mation on how 

biomass re-

moval is ad-

dressed from ar-

eas designated 

as biodiversity 

protection areas 

under applicable 

national laws 

and regulations 

within IUCN 

categories I-III. 

The economic operator provides 

the mapped location of the desig-

nated biodiversity-protected area 

where biomass removal is allowed, 

showing the location and area of 

the designated protected area (ha) 

(including contiguous and non-con-

tiguous parts of the designated pro-

tected area). 

x     x     

The economic operator provides a 

map showing: a) the location of the 

designated biodiversity-protected 

area where biomass removal is al-

lowed; and b) the area where the 

economic operator removes bio-

mass. 

x     x     
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Describe how the biomass removal 

impacts (positively or negatively) 

the biodiversity goals of the pro-

tected area and directly influenced 

environment, as prescribed by 

management authorities. 

x     x     

List and document necessary per-

mits obtained from the manage-

ment authorities for operations in 

the protected areas. 

x     x     

Promote 

efficient 

use of en-

ergy re-

sources. 

Provide infor-

mation on how 

energy use and 

efficiency are 

addressed. 

[s] Provide, consistent with func-

tional units and associated bound-

ary conditions: a) sufficient data to 

allow calculation of units of energy 

required to operate and maintain 

the process per units of bioenergy 

delivered by the process on a life 

cycle stage, or b) sufficient data to 

allow calculation of units of energy 

required to operate and maintain 

the process per units of bioenergy 

delivered by the process or one or 

more processes when they are ag-

gregated (partial carbon footprint), 

or c) life cycle units of energy re-

quired to operate and maintain the 

process per units of bioenergy de-

livered by the process, consistent 

with functional units and expressed 

in MJ energy input per MJ energy 

delivered (or its inverse). The 

methodology and assumptions used 

to calculate the energy balance 

shall be transparently presented, 

with the presentation detailing the 

sources of the energy used (e.g. 

fossil or renewable energy) as well 

as the method used to characterise 

and summarise them. 

x x x x     

Describe measures to address en-

ergy efficiency in the processes 

considered in indicator [s]. 

x x x x     

Provides infor-

mation on how 

[t] Describe procedures undertaken 

to identify potential impacts of 

x x x x     
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Promote 

responsi-

ble man-

agement of 

waste. 

wastes are ad-

dressed. 

generated wastes on human health 

and the environment. 

[u] List potential impacts of wastes 

generated that were identified by 

applying the procedures under [t]. 

x x x x     

[v] Describe the measures taken to 

address potential impacts listed un-

der [u], including handling, segre-

gation, storing, recycling, reusing, 

recovering and disposal. 

x x x x     

Report the value of key parameters 

or metrics used to quantify the ef-

fect of measures taken in [v], in-

cluding handling, segregation, stor-

ing, recycling, reusing, recovering 

and disposal." 

x x x x     

[w] List the wastes that are subject 

of measures under [v] and report 

the annual quantities of each waste 

generated in units of mass or vol-

ume per unit of production. 

x x x x     

Report separately for each waste 

identified in [w] the percentage that 

is recycled, reused or recovered. 

x x x x     
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Appendix B: Research literature data 

The data from reference [1] has been partly abbreviated from the original data that are 

presented in the reference. The abbreviation causes that the formulation of the data (e.g. 

descriptive or prescriptive) may deviate from the original formulation as presented in Ta-

ble 3.4. In the tables below: 

Life cycle stages 

1 Raw material selection and acquisition 

2 Refining and logistics 

3 Use, energy production, reuse, recycling, waste management 

Sustainability dimensions 

EN Environmental  

SO Socioeconomic 

BE Business economic 

Ref = References 

[1] Cramer et al., 2007, pp. 13–19 

[2] Buchholz et al., 2009, pp. S86–S98 

[3] Smeets and Faaij, 2010, p. 321 

[4] Cherubini and Strømman, 2011 

[5] Dale et al., 2013, p. 89 

[6] Diaz-Chavez in Rutz and Janssen (eds.), 2014 

[7] van Eijck and Faaij in Rutz and Janssen (eds.), 2014 

[8] GBEP, 2011, pp. 3–24 

[9] McBride et al., 2011, p. 1279 
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Raw data from research literature ([1] abbreviated) Categorisa-

tion into 

life 

cycle 

stages 

sus-

taina-

bility 

di-

men-

sions 

Principles Criteria Sub-criteria R 

e 

f 

1 2 3 E

N 

S

O 

B

E 

No effect on 

protected or 

vulnerable 

biodiversity, 

strengthen bi-

odiversity 

No violation of 

national laws 

and regulations 

Comply with local laws on: 

land ownership and land use 

rights; forest and plantation 

management and exploita-

tion; protected areas; wild-

life management; hunting; 

spatial planning; national 

rules arising from the sign-

ing of international Conven-

tion on Biological Diversity 

Convention on International 

Trade in Endangered Spe-

cies 

[1] x     x     

No deteriora-

tion of biodi-

versity in pro-

tected areas 

No biomass production in 

recently cultivated gazetted 

protected areas. 

[1] x     x     

No deteriora-

tion of biodi-

versity in other 

areas with high 

biodiversity 

value, vulnera-

bility or high 

agrarian, na-

ture and/or cul-

tural values 

No biomass production in 

recently cultivated High 

Conservation value areas. 

[1] x     x     

Maintenance 

or recovery of 

biodiversity 

Set-aside areas (at least 

10%) in case of biomass 

production in recently culti-

vated areas 

[1] x     x     
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If biomass production in re-

cently cultivated areas (after 

1 January 2007), indicate: In 

which land use zones the bi-

omass production unit can 

be found; How fragmenta-

tion is discouraged; If eco-

logical corridors are ap-

plied; If the restoration of 

degraded areas is involved 

here. 

[1] x     x     

Strengthening 

of biodiversity 

during devel-

opment and by 

the manage-

ment of exist-

ing production 

units 

Good practices for the 

strengthening of biodiver-

sity; ecological corridors, 

prevent disintegration 

[1] x     x     

Do not en-

danger the 

food supply 

and local bio-

mass applica-

tions (energy 

supply, medi-

cines, build-

ing materi-

als). 

Insight into 

land-use 

change 

  [1] x       x   

Maintain or 

improve air 

quality 

No violation of 

national laws 

and regulations 

Observe local laws on: air 

emissions; waste manage-

ment; environmental impact 

assessments; company au-

dits. 

[1] x x x x   x 

No burning as 

part of the in-

stallation or 

management 

of biomass 

production 

units 

Burning must not be applied 

in other than specific situa-

tions as described in 

ASEAN guidelines or other 

regional good practices. 

[1] x x   x     

Apply best 

practices to re-

duce emissions 

Strategy to minimise air 

emissions in production and 

[1] x x   x     
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and air pollu-

tion. 

processing; waste manage-

ment. 

Do not de-

plete ground 

and surface 

water and 

maintain or 

improve wa-

ter quality. 

No violation of 

national laws 

and regulations 

that are appli-

cable to water 

management 

Observe local laws on: the 

use of water for irrigation; 

the use of ground water; the 

use of water for agrarian 

purposes in catchment ar-

eas; water purification; en-

vironmental impact assess-

ments; company audits. 

[1] x     x     

No use of wa-

ter from non-

renewable 

sources 

Irrigation or water for the 

processing industry must 

not originate from non-re-

newable sources. 

[1] x     x     

Apply best 

practices to re-

strict the use of 

water and to 

retain or im-

prove ground 

and surface 

water quality. 

Strategy aimed at sustaina-

ble water management: effi-

cient use of water; responsi-

ble use of agrochemicals 

[1] x     x     

Retain or im-

prove soil 

and soil qual-

ity. 

No violation of 

national laws 

and regulations 

that are appli-

cable to soil 

management 

Comply with local laws on: 

waste management; the use 

of agrochemicals; the min-

eral system; the prevention 

of soil erosion; environmen-

tal impact reporting; com-

pany audits. At least the 

Stockholm convention (12 

most harmful pesticides) 

must be complied with. 

[1] x x   x     

Apply best 

practices to re-

tain or improve 

the soil and 

soil quality. 

Strategy aimed at sustaina-

ble soil management: the 

prevention and control of 

erosion; the conservation of 

nutrient balance; the conser-

vation of organic matter in 

the soil; the prevention of 

soil salination 

[1] x x   x     

The use of re-

sidual products 

must not be at 

variance with 

No use of agrarian residual 

products at the expense of 

other essential functions for 

the maintenance of the soil 

[1] x x   x     
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other local 

functions for 

the conserva-

tion of the soil. 

and the soil quality, optimal 

use. 

Positive 

GHG balance 

In the applica-

tion of biomass 

a net 

emission re-

duction of 

greenhouse 

gases 

must take 

place along the 

whole chain. 

The reduction 

is calculated in 

relation to a 

reference situ-

ation with fos-

sil fuels. 

The emission reduction of 

greenhouse gases amounts 

to at least 50-70% for elec-

tricity production and at 

least 30% for biofuels, cal-

culated with the method de-

scribed in chapter 4. These 

are minimum requirements. 

Here the basic principle 

must be that policy instru-

ments should promote a 

higher percentage above the 

minimum requirement by 

differentiating strongly on 

the basis of the emission re-

duction of greenhouse 

gases. 

[1] x     x     

No biomass 

production at 

the expense 

of important 

carbon sinks 

in the vegeta-

tion and in 

the soil 

Conservation 

of above-

ground carbon 

sinks 

No installation of new bio-

mass production units in ar-

eas in which the loss of 

above-ground carbon stor-

age cannot be recovered 

within a period of ten years 

of biomass production. 

[1] x     x     

Conservation 

of under-

ground carbon 

sinks 

No installation of new bio-

mass production units in ar-

eas with a great risk of sig-

nificant carbon losses from 

the soil, such as certain 

grasslands, peat areas, man-

groves and wet areas. 

[1] x     x     

Contribution 

towards local 

prosperity 

Positive contri-

bution of pri-

vate company 

activities to-

wards the local 

economy and 

activities 

Description of created direct 

economic value; policy, 

practice and the proportion 

of the budget spent on local 

supply companies; the pro-

cedures for appointment of 

local staff and the share of 

local senior management. 

[1] x       x   
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Contribution 

towards the 

social well-

being of the 

employees 

and the local 

population 

No negative 

effects on the 

working condi-

tions of em-

ployees 

Comply with the Tripartite 

Declaration of Principles 

concerning Multinational 

Enterprises and Social Pol-

icy 

[1] x       x   

No negative 

effects on hu-

man rights 

Comply with the Universal 

Declaration of Human 

Rights of the United Na-

tions: non-discrimination; 

freedom of trade union or-

ganisation, child labour; 

forced and compulsory la-

bour; disciplinary practices, 

safety practices and the 

rights of indigenous peo-

ples. 

[1] x       x   

The use of 

land must not 

lead to the vio-

lation of offi-

cial property 

and use, and 

customary law 

without the 

free and prior 

consent of the 

sufficiently in-

formed local 

population 

Comply with the following 

requirements: No land use 

without the informed con-

sent of original users; Land 

use must be carefully de-

scribed and officially laid 

down. Official property and 

use, and customary law of 

the indigenous population 

must be recognised and re-

spected. 

[1] x       x   

Positive contri-

bution to the 

well-being of 

local popula-

tion 

Description of programmes 

and practices to determine 

and manage the effects of 

company activities on local 

population. 

[1] x       x   

Insight into 

possible viola-

tions of the in-

tegrity of the 

company 

Description of: degree of 

training and risk analysis to 

prevent corruption; actions 

taken in response to cases of 

corruption 

[1] x       x   

  Employment 

generation 

Number of jobs created [2] x x x   x   

  Quality of jobs created [2] x       x   
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Raw data from research literature Categorisa-

tion into 

life 

cycle 

stages 

sus-

taina-

bility 

di-

men-

sions 

Criteria R 

e 

f 

1 2 3 E

N 

S

O 

B

E 

Insight into the change of prices of food and land in the area 

of the biomass production unit 

[1] x       x   

Biodiversity must be protected. [3] x     x     

Child labour is not allowed.  [3] x x     x   

Energy crop production is not allowed to result in deforesta-

tion. 

[3] x     x     

Education must be provided for the workers’ children by the 

energy crop producer. 

[3] x       x   

Energy crop production must contribute to employment, in-

cluding all direct, indirect and induced effects. 

[3] x       x   

Energy crop production is not allowed to endanger the supply 

of food. 

[3] x       x   

Health care services must be provided for all workers’ family 

members by the energy crop producer. 

[3] x       x   

Soil nutrient depletion and nutrient leaching must be pre-

vented as far as reasonably is achievable. 

[3] x     x     

The use of certain types of agro-chemicals is forbidden (and 

pollution from agro-chemicals must be prevented as reasona-

ble is achievable). 

[3] x     x     

Soil erosion rates are not allowed to increase compared to 

conventional agricultural land use (and must be decreased to 

the natural soil regeneration capacity). 

[3] x     x     

Fair wages must be paid so that poverty as defined by (in-

ter)national standards is avoided (and also so that wages are 

fair compared to national average wages.) 

[3] x       x   

Depletion of fresh water resources is not allowed. [3] x x   x     
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Compliance with laws: Complying with all applicable laws 

and internal regulations like certification  principles, counter-

ing bribery 

[2] x x x   x x 

Macroeconomic sustainability: Trade balances, foreign invest-

ments, financial flows across project boundary, changes in 

overall productivity, ‘economic development’ 

[2] x   x   x x 

Microeconomic sustainability: Cost-efficiency including start-

up costs, internal rate of return, net present value, payback pe-

riod 

[2] x   x     x 

Respecting minorities: Recognition of indigenous peoples’ 

rights, gender issues 

[2] x x x   x   

Monitoring of criteria performance: Monitoring  systems in 

place for all criteria (e.g. leakage or additionality in GHG ac-

counting) 

[2] x x x   x   

Management of noise impacts: Noise from production, trans-

portation and conversion processes 

[2] x x x   x   

Participation: Inclusion of stakeholders in decision making; 

facilitation of self-determination of stakeholders 

[2] x x x   x   

Planning: Stating clear objectives, a management plan is writ-

ten, implemented, and updated as necessary 

[2] x x x   x x 

Acknowledgement of property rights and rights of use: Land 

and resource tenure, dependencies on foreign sources (e.g. fi-

nancial investments, knowledge) fair and equal  division of 

proceeds, customary rights 

[2] x x x   x   

Natural resource efficiency: Efficient use of resources at all 

stages of the system 

[2] x x x x     

Soil protection: Impacts on soil fertility like. changes in nutri-

ent cycling, rooting depth, organic matter, water holding ca-

pacity, erosion 

[2] x x x x     

Improving/maintaining standard of living: Public service sup-

port, access to energy services (e.g. electricity lifeline tariffs) 

[2] x   x   x   

Appliance with law, risk to other land uses [2] x     x     

Waste management: Disposal of ashes, sewage, hazard-

ous/contaminated solid and liquid material 

[2] x x x x     

Water management: Surface and groundwater impacts, ripar-

ian buffers, irrigation and cooling cycles and waste water 

management 

[2] x x   x     

Management of visual impacts: Visual effects of construction 

and feedstocks on landscape 

[2] x x x   x   
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Working conditions of workers: Worker health, work hours, 

safety, liability regulations, exclusion of child labour 

[2] x x x   x   

Management of potentially hazardous atmospheric emissions 

other than greenhouse gases: Emissions of SOx, CO, NOx, and 

particulates 

[2] x x x x     

Crop diversity: E.g. impacts and risks associated with mono-

cultures like its impacts on landscape and wildlife, and its sus-

ceptibility to catastrophic failure 

[2] x     x     

Exotic species applications: Invasiveness, risks to other spe-

cies and land uses 

[2] x     x     

Species protection: Protection of rare, threatened, or endan-

gered species 

[2] x     x     

Responsible use of chemicals, pest control and fertiliser: In-

secticides, herbicides, chemicals in the conversion process, 

impacts on surrounding environment 

[2] x     x     

Social cohesion: Migration and resettlement, wealth distribu-

tion, fair wages, intergenerational equity, charity 

[2] x x x   x   

Cultural acceptability: Consideration of spiritual values, han-

dling of local knowledge 

[2] x x x   x   

Adaptation capacity to environmental hazards and climate 

change: Diversification of feedstocks, available knowledge on 

site demand of feedstocks 

[2] x     x     

Economic stability: Project lifetime, degree to which applied 

technology and operational aspects are proven, flexibility to 

changes in demand and supply, product diversification 

[2] x x x   x x 

Ecosystems connectivity: Preventing land fragmentation, e.g. 

presence of wildlife corridors, etc. 

[2] x     x     

Ecosystems protection: Safeguarding protected, threatened, 

representative, or other valuable ecosystems (e.g. forests), 

protecting internal energy fluxes/metabolism 

[2] x     x     

Energy balance: Conversion efficiencies, energy return on in-

vestment, energy return per hectare 

[2] x   x x   x 

Food security: Enough land locally available for food produc-

tion including agricultural set aside land,  preference of mar-

ginal sites for energy crops 

[2] x       x   

Greenhouse gas balance: GHG balance of system covering 

CO2, CH4, O3, NO2, H2O 

[2] x x x x     

Respect for human rights: Health services, liberty rights, secu-

rity, education 

[2] x x x   x   
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Land availability for other human activities than food produc-

tion: Enough land locally available for housing, energy (e.g. 

firewood), recreation, and other resource supply 

[2] x       x   

 

Raw data from research literature Categorisation 

into 

life 

cycle 

stage

s 

sus-

taina-

bility 

dimen-

sions 

Indicators Ref 1 2 3 E

N 

S

O 

B

E 

Land use change: Impacts of land conversion on energy 

fluxes, radiation balance, roughness of land cover, biochemi-

cal fluxes, hydrological cycles which eventually affect eco-

logical balances 

[2] x     x     

GHG balance/Global warming potential [4] x x x x     

Energy balance [4] x x x x     

Other gases besides GHGs (e.g., PM10, SOx, NOx, NH3, etc.) [4] x x x x     

Acidification potential [4] x x x x     

Eutrophication potential [4] x x x x     

Photochemical smog formation potential [4] x x x x     

Toxicity potential (including heavy metals, carcinogenics, 

and others) [4] x x x x x   

Land use  [4] x     x     

Water consumption [4] x x x x x   

Contribution of bioenergy to road traffic [4] x x   x x   

Emissions or impacts at local or urban scale [4] x x x x x   

Abiotic depletion potential [4] x x x x     

Ozone layer depletion potential [4] x x x x     

Energy security premium [5] x x x   x x 

Fuel price volatility [5]   x x     x 

Terms of trade [5]     x     x 

Trade volume [5]     x     x 

Return on investment (ROI) [5] x   x     x 

Net Present Value (NPV) [5] x   x     x 

Depletion of non-renewable energy resources [5] x x x x     
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Fossil energy return on investment (fossil EROI) [5] x x x x     

Public opinion [5] x x x   x   

Transparency [5] x x x   x   

Effective stakeholder participation [5] x x x   x   

Risk of catastrophe [5] x x x   x   

Employment [5] x x x   x   

Household income [5] x x x   x   

Work days lost due to injury [5] x       x   

Food security [5] x       x   

Production cost [6] x x x   x x 

Value added [6] x   x   x x 

Taxes/royalties paid to the government [6] x x x   x x 

Contributions made by the operation to allied industries in 

the local economy [6] x x x   x   

Involvement of smallholders or small suppliers [6] x x     x   

Amount paid to smallholders and suppliers of feedstock [6] x x     x x 

Employment [6] x x x   x   

Ratio between local and migrant workers [6] x x x   x   

Percentage of permanent workers [6] x x x   x   

Provision of worker training [6] x x x   x x 

Community investment [6] x x x   x x 

Employee income [6] x x x   x x 

Employment benefits [6] x x x   x x 

Income spent in basic needs [6] x x x   x   

Hours of work [6] x x x   x x 

Freedom of association [6] x x x   x   

Work related accidents and diseases [6] x x x   x   

Personal protective equipment [6] x x x   x   

Occupational safety and health training [6] x x x   x   

Benefits created for women [6] x x x   x   

Legal title of land right [6] x       x   

Communal/public land [6] x       x   

Land conflicts [6] x       x   

Land that is converted from staple crops [6] x       x   

Edible feedstock diverted from food chain to bioenergy [6] x       x   

Availability of food [6] x       x   

Time spent in subsistence agriculture [6] x       x   

Open burning on company level [6] x     x x   



Appendix B: Research literature data 178 

Open burning area [6] x     x x   

Use of Best Available Technologies for reducing emissions [6] x x x x x   

Implemented practices: Percentage of surface under no or re-

duced tillage [6] x     x     

Implemented practices: Fertiliser applied (type) [6] x     x     

Implemented practices: Herbicides and pesticides applied 

(type) [6] x     x     

Soil erosion: Feedstock cultivation area in flood prone re-

gion  [6] x     x     

Soil erosion: Feedstock cultivation area in wind prone region [6] x     x     

Soil erosion: Feedstock cultivation area in slopes above 25° 

surface gradient [6] x     x     

Soil erosion: Implemented measures to control soil erosion [6] x     x     

Soil analysis [6] x     x     

Water consumption: irrigation [6] x x   x     

Water management plan [6] x x   x     

Availability of water [6] x x x x x   

Quality of water [6] x x x x x   

Reduction of biodiversity [6] x x x x     

Impacts on fisheries/other aquatic fauna [6] x x x x     

Impacts on local fauna/flora perceived by local community [6] x x x x x   

Conservation measures [6] x     x     

Access to ecosystem services: Reduction in local communi-

ties’ access to hunting, fishing [6] x       x   

Access to ecosystem services: Reduction in local communi-

ties’ access to nontimber forest products [6] x       x   

Access to ecosystem services: Reduction in local communi-

ties’ access to cultural ecosystem services such as sacred and 

recreational sites [6] x       x   

Gross Domestic Product GDP [7] x x x   x   

GDP/capita [7] x x x   x   

Gini coefficient [7] x x x   x   

People below poverty line of US$ 2/day [7] x x x   x   

Human Development Index (HDI) [7] x x x   x   

Sector contribution to GDP [7] x x x   x   

Sector contribution to agricultural GDP [7] x x x   x   

Value of the sector (by revenue or turnover generated by the 

sector) [7] x x x   x   

Products exported [7] x x x   x   

Investments in the sector [7] x x x   x   
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Total investment in bioenergy infrastructure over the past 

decade [7] x x x   x   

Value of industrial inputs [7] x x x     x 

Gross Regional Domestic Product GRDP  [7] x x x   x   

Regional per capita income as percentage of national per 

capita income  [7] x x x   x   

Regional Gini index compared to national Gini index [7] x x x   x   

Bioenergy sector contribution to GRDP [7] x x x   x   

Contribution of bioenergy product exports to total exports [7] x x x   x   

Turnover of the sector in the region [7] x x x   x x 

Investments in the sector in the region [7] x x x   x x 

Regional sector employment as part of total employment [7] x x x   x x 

Regional sector turnover as part of total turnover [7] x x x   x x 

Volume of bioenergy production by large plantations and 

smallholders [7] x x x   x   

Share of income for large companies and smallholders [7] x x x   x x 

Amount of revenue collected from bioenergy sector [7] x x x   x x 

Total number of jobs generated in the region by bioenergy 

sector [7] x x x   x   

Net present value (NPV) [7] x x x     x 

Internal rate of return (IRR) [7] x x x     x 

Contribution of feedstock sales to household income [7] x x x   x   

Cost of feedstock production compared to other alternatives [7] x x x     x 

Cost of feedstock conversion compared to other alternatives [7] x x x     x 

Total project investments [7] x x x     x 

Turnover of the company [7] x x x     x 

Labour requirements [7] x x x     x 

Labour costs  [7] x x x     x 

Wage levels at the bioenergy company [7] x x x     x 

Feedstock price [7] x x x     x 

Product selling prices [7] x x x     x 

Total profit by project [7] x x x     x 

Revenue per ha from bioenergy crop compared to revenues 

of other crops [7] x x x   x x 

Total labour force [7] x x x   x   

Unemployment ratio [7] x x x   x   

Average minimum wage [7] x x x   x   

Employment generation on national level [7] x x x   x   

Employment generation on regional level [7] x x x   x   
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Employment generation on local level [7] x x x   x   

Ratio of fixed contract [7] x x x   x   

Percentage of informal jobs, total jobs generated included in-

formal [7] x x x   x   

Wage levels (including casual workers) compared to mini-

mum wages [7] x x x   x x 

Income earned by smallholders [7] x x x   x x 

Educational level required [7] x x x   x   

Job growth rate [7] x x x   x   

Average age of employees [7] x x x   x   

Participation of different races [7] x x x   x   

Wages at farm/company compared to wages in traditional 

activities (like charcoal making, food production) [7] x x x   x x 

Wage levels sufficient to buy food and other household 

needs? [7] x x x   x x 

Person-days used in the biofuel activities by family labour at 

local level; Threshold: Sufficient time left to grow their own 

food (in case wages too low to buy all food) [7] x x x   x   

Food security index score [7] x       x   

Conversion rates of food producing land [7] x       x   

Poverty rates [7] x       x   

% of household income spent on food [7] x       x   

Prevalence of undernourishment [7] x       x   

Calories per capita [7] x       x   

Quantity and type of food missing at the local community [7] x       x   

Population that is food insecure [7] x       x   

Main staple crop production in the country (and price devel-

opment) [7] x       x   

Protection programs [7] x       x   

Providing alternative for current practices [7] x       x   

Number of people that became food insecure due to bioen-

ergy production [7] x       x   

Δ in household income spent on food [7] x       x   

The extent to which land acquisition followed the correct le-

gal process [7] x       x   

The extent to which community land rights are determined 

and mapped [7] x       x   

The extent to which the principles of Free, Prior and In-

formed Consent are followed in dealings with local commu-

nities and indigenous peoples, including when handling dis-

putes [7] x       x   
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Number of conflicts due to biofuels expansion [7] x       x   

Expansion area over other crops [7] x       x   

Compensation payments [7] x       x   

Language of contracts [7] x       x   

Availability documentation for local communities [7] x       x   

Lost rights to land [7] x       x   

Coherent land ownership structure [7] x       x   

Availability of treaties on land use issues with native local 

stakeholders [7] x       x   

Hectares of land suitable for bioenergy production [7] x       x   

Hectares under public land [7] x       x   

Hectares under bioenergy cultivation [7] x       x   

Development of land prices [7] x       x   

Area under bioenergy production as percentage of total 

planted area [7] x     x x   

Maximum number of hours of work per day [7] x x x   x   

Right to collective bargaining/respecting trade unions [7] x x x   x   

Extent to which child labour laws/minimum age are com-

plied with [7] x x x   x   

Number of work related accidents [7] x x x   x   

Level of provision of operational safety and health systems, 

training, and protective equipment [7] x x x   x   

Extent to which legal requirements for social security and 

accident insurance are complied with [7] x x x   x   

Number of unjustified dismissals/end of contracts/resigna-

tions [7] x x x   x   

Mode of transport to the fields [7] x x x   x   

Right of training/education [7] x x x   x   

Possibilities of retirement pension [7] x x x   x   

Rights of casual workers (social security, medical assis-

tance) compared to fully employed workers [7] x x x   x   

Right to understand the employment contract [7] x x x   x   

Number of workers reporting health concerns related to ag-

rochemical use [7] x x x   x   

Level of compliance with a given standard for waste treat-

ment and disposal [7] x x x   x   

Number of accidents during work, as proportional to the to-

tal number of workers [7] x x x   x   

Number of deaths during work, as proportional to the total 

number of workers [7] x x x   x   
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Number of retirements due to working accidents, as propor-

tional to the total number of workers [7] x x x   x   

Benefits for disability and fatalities [7] x x x   x   

Health and safety policies [7] x x x   x   

Noise above legal threshold [7] x x x   x   

Risk of fire outbreak [7] x x x   x   

Risk of gas emissions [7] x x x   x   

Number of staff with medical insurance [7] x x x   x   

Women’s wages as % of men’s (doing work judged objec-

tively to be similar) [7] x x x   x   

The extent to which equal opportunities are extended to 

women and men in the workplace [7] x x x   x   

The extent to which women’s reproductive rights are re-

spected [7] x x x   x   

Participation of women (in a type of job, company, or sec-

tor) [7] x x x   x   

Women participation policies [7] x x x   x   

% of women engineers in the company compared to % of 

women engineers graduated [7] x x x   x   

Labour employment gap between men and women [7] x x x   x   

Presence of organisations for women’s rights [7] x x x   x   

Gender related Development Index (GDI) [7] x x x   x   

Gender Empowerment Measure (GEM) [7] x x x   x   

Right of land ownership for women [7] x x x   x   

Benefits distribution between men and women in the family [7] x x x   x   

Bioenergy used to expand access to modern energy services: 

Total number and percentage of households and businesses 

using bioenergy, disaggregated into modern bioenergy and 

traditional use of biomass 

[8]     x   x   

Allocation and tenure of land for new bioenergy production: 

Percentage of land – total and by land-use type – used for 

new bioenergy production where: a legal instrument or do-

mestic authority establishes title and procedures for change 

of title; and the current domestic legal system and/or socially 

accepted practices provide due process and the established 

procedures are followed for determining legal title 

[8] x       x   

Training and re-qualification of the workforce: Percentage of 

trained workers in the bioenergy sector out of total bioen-

ergy workforce, and percentage of re-qualified workers out 

of the total number of jobs lost in the bioenergy sector 

[8] x x x   x   
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Emissions of non-GHG air pollutants, including air toxics: 

Emissions of non-GHG air pollutants, including air toxics, 

from bioenergy feedstock production, processing, transport 

of feedstocks, intermediate products and end products, and 

use; and in comparison with other energy sources 

[8] x x x x     

Biological diversity in the landscape: Area and percentage of 

nationally recognised areas of high biodiversity value or crit-

ical ecosystems converted to bioenergy production 

[8] x     x     

Biological diversity in the landscape: Area and percentage of 

the land used for bioenergy production where nationally rec-

ognised invasive species, by risk category, are cultivated 

[8] x     x     

Biological diversity in the landscape: Area and percentage of 

the land used for bioenergy production where nationally rec-

ognised conservation methods are used 

[8] x     x     

Change in the consumption of fossil fuels and traditional use 

of biomass: Substitution of traditional use of biomass with 

modern domestic bioenergy measured by energy content 

[8] x       x   

Gross value added: Gross value added per unit of bioenergy 

produced and as a percentage of gross domestic product 

[8] x   x   x   

Change in the consumption of fossil fuels and traditional use 

of biomass: Substitution of fossil fuels with domestic bioen-

ergy measured by energy content and in annual savings of 

convertible currency from reduced purchases of fossil fuels 

[8] x   x   x   

Net energy balance: Energy ratio of the bioenergy value 

chain with comparison with other energy sources, including 

energy ratios of feedstock production, processing of feed-

stock into bioenergy, bioenergy use; and/or lifecycle analy-

sis 

[8] x x x   x   

Energy diversity: Change in diversity of total primary en-

ergy supply due to bioenergy 

[8]     x   x   

Infrastructure and logistics for distribution of bioenergy: 

Number and capacity of routes for critical distribution sys-

tems, along with an assessment of the proportion of the bio-

energy associated with each 

[8]   x     x   

Capacity and flexibility of use of bioenergy: Ratio of capac-

ity for using bioenergy compared with actual use for each 

significant utilisation route 

[8]   x     x   

Capacity and flexibility of use of bioenergy: Ratio of flexi-

ble capacity which can use either bioenergy or other fuel 

sources to total capacity 

[8]   x     x   



Appendix B: Research literature data 184 

Life cycle GHG emissions: Life cycle GHG emissions from 

bioenergy production and use, as per the methodology cho-

sen nationally or at community level, and reported using the 

GBEP Common Methodological Framework for GHG 

Lifecycle Analysis of Bioenergy 'Version One' 

[8] x x x x     

Change in mortality and burden of disease attributable to in-

door smoke: Change in mortality and burden of disease at-

tributable to indoor smoke from solid fuel use, and changes 

in these as a result of the increased deployment of modern 

bioenergy services, including improved biomass-based 

cookstoves 

[8]     x   x   

Incidence of occupational injury, illness and fatalities: Inci-

dences of occupational injury, illness and fatalities in the 

production of bioenergy in relation to comparable sectors 

[8] x x x   x   

Land use and land-use change related to bioenergy feedstock 

production: Total area of land for bioenergy feedstock pro-

duction, and as compared to total national surface and agri-

cultural and managed forest land area 

[8] x     x     

Land use and land-use change related to bioenergy feedstock 

production: Percentages of bioenergy from yield increases, 

residues, wastes and degraded or contaminated land 

[8] x     x     

Land use and land-use change related to bioenergy feedstock 

production: Net annual rates of conversion between land-use 

types caused directly by bioenergy feedstock production, in-

cluding the following (amongst others): arable land and per-

manent crops, permanent meadows and pastures, and man-

aged forests; natural forests and grasslands (including savan-

nah, excluding natural permanent meadows and pastures), 

peatlands, and wetlands 

[8] x     x     

Price and supply of a national food basket: Effects of bioen-

ergy use and domestic production on the price and supply of 

a food basket, which is a nationally defined collection of 

representative foodstuffs, including main staple crops, meas-

ured at the national, regional, and/or household level, taking 

into consideration: changes in demand for foodstuffs for 

food, feed and fibre; changes in the import and export of 

foodstuffs; changes in agricultural production due to weather 

conditions; changes in agricultural costs from petroleum and 

other energy prices; and the impact of price volatility and 

price inflation of foodstuffs on the national, regional, and/or 

household welfare level, as nationally determined 

[8] x x x   x   
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Soil quality: Percentage of land for which soil quality, in 

particular in terms of soil organic carbon, is maintained or 

improved out of total land on which bioenergy feedstock is 

cultivated or harvested 

[8] x     x     

Harvest levels of wood resources: Annual harvest of wood 

resources by volume and as a percentage of net growth or 

sustained yield, and the percentage of the annual harvest 

used for bioenergy 

[8] x     x     

Productivity: Productivity of bioenergy feedstocks by feed-

stock or by farm/plantation 

[8] x x       x 

Productivity: Production cost per unit of bioenergy [8] x x x     x 

Productivity: Amount of bioenergy end product by mass, 

volume or energy content per hectare per year 

[8] x         x 

Productivity: Processing efficiencies by technology and 

feedstock 

[8] x x   x   x 

Change in unpaid time spent by women and children collect-

ing biomass: Change in average unpaid time spent by 

women and children collecting biomass as a result of switch-

ing from traditional use of biomass to modern bioenergy ser-

vices 

[8] x x x   x   

Change in income: Contribution of the following to change 

in income due to bioenergy production: wages paid for em-

ployment in the bioenergy sector in relation to comparable 

sectors; net income from the sale, barter and/or own con-

sumption of bioenergy products, including feedstocks, by 

self-employed households/individuals 

[8] x x x   x   

Jobs in the bioenergy sector: Net job creation as a result of 

bioenergy production and use, total and disaggregated (if 

possible) as follows: skilled/unskilled; temporary/indefinite 

[8] x x x   x   

Jobs in the bioenergy sector: Total number of jobs in the bio-

energy sector and percentage adhering to nationally recog-

nised labour standards consistent with the principles enumer-

ated in the Internationlan Labour Organization (ILO) Decla-

ration on Fundamental Principles and Rights at Work, in re-

lation to comparable sectors 

[8] x x x   x   

Water use and efficiency: Water withdrawn from nationally 

determined watershed(s) for the production and processing 

of bioenergy feedstocks, expressed as the percentage of total 

[8] x x x x     



Appendix B: Research literature data 186 

actual renewable water resources (TARWR) and as the per-

centage of total annual water withdrawals (TAWW), dis-

aggregated into renewable and non-renewable water sources 

Water use and efficiency: Volume of water withdrawn from 

nationally determined watershed(s) used for the production 

and processing of bioenergy feedstocks per unit of bioenergy 

output, disaggregated into renewable and non-renewable wa-

ter sources 

[8] x x x x     

Water quality: Pollutant loadings to waterways and bodies of 

water attributable to fertiliser and pesticide application for 

bioenergy feedstock cultivation, and expressed as a percent-

age of pollutant loadings from total agricultural production 

in the watershed 

[8] x x x x     

Water quality: Pollutant loadings to waterways and bodies of 

water attributable to bioenergy processing effluents, and ex-

pressed as a percentage of pollutant loadings from total agri-

cultural processing effluents in the watershed 

[8] x x   x     

Tropospheric ozone [9] x x x x     

Carbon monoxide [9] x x x x     

Presence of taxa of special concern [9] x     x     

Habitat area of taxa of special concern [9] x     x     

PM2.5 (total particulate matter less than 2.5 µm diameter) [9] x x x x     

PM10 (total particulate matter less than 10 µm diameter) [9] x x x x     

CO2 equivalent emissions (CO2 and N2O) [9] x x x x     

Aboveground net primary productivity (ANPP)/yield [9] x     x     

Total organic carbon (TOC) [9] x x   x     

Total nitrogen (N) [9] x x   x     

Extractable phosphorus (P) [9] x x   x     

Bulk density [9] x x   x     

Nitrate concentration in streams (and export) [9] x x x x     

Total phosphorus (P) concentration in streams (and export) [9] x x x x     

Suspended sediment concentration in streams (and export) [9] x x x x     

Herbicide concentration in streams (and export) [9] x x x x     

Peak storm flow [9] x x x x     

Minimum base flow [9] x x   x     

Consumptive water use (incorporates base flow) in feedstock 

production 

[9] x x x x     

Consumptive water use (incorporates base flow) in biorefin-

ery 

[9] x x x x     
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Appendix C: Workshop 1 sustainability aspects 

Appendix C presents the raw data about the 409 sustainability aspects that were collected 

in Workshop 1 categorised into life cycle stages and sustainability dimensions. In the 

table below: 

Life cycle stages 

1 Raw material selection and acquisition 

2 Refining and logistics 

3 Use, energy production, reuse, recycling, waste management 

Sustainability dimensions 

EN Environmental  

SO Socioeconomic 

BE Business economic 

 

Raw data of Workshop 1 Categorisa-

tion into 

life 

cycle 

stag

es 

sus-

taina-

bility 

di-

men-

sions 

1 2 3 E

N 

S

O 

B

E 

Principles (8) 

Acceptability x x x   x   

Business ethics x x x   x x 

Economic feasibility x x x     x 

Optimal use of raw material: economic, environmental and social 

perspective x   x x x x 

Efficiency of the biofuel chain x x x x x x 

Sustainability of the fuel chain x x x x x x 

Safety in the whole value chain x x x   x   

Livelihood and rights of local people x   x   x   

Criteria (83) 

Acceptance of utilising waste heat     x   x   

The production chain should support the well-being in remote dis-

tricts. x x x   x   
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Preservation of the biodiversity of forests and marshes x     x     

Wide forest areas and their protection x     x     

Local community engagement x x x   x   

Optimisation of chemical use to control emissions     x x   x 

Competitiveness of end-product     x     x 

Market for end-product     x     x 

Decreasing energy consumption x x x x   x 

Maintaining energy efficiency in biofuel use     x x   x 

Energy efficiency of end use (elasticity of demand)     x     x 

Energy efficiency of production (district heating and cooling)     x x   x 

Minimising energy distribution losses x x x x   x 

Biowaste transportation from the perspective of total energy effi-

ciency   x   x   x 

Environmental safety x x x x x   

Food security x       x   

Efficient production of biomass-based products x x   x   x 

Product responsibility     x   x x 

CO2 neutrality 
x     x     

Safety, health and environmental training x x x x x   

Avoiding intentional waste production using energy production from 

waste as an excuse, consumer responsibility     x x     

Avoiding intentional waste production: large demand for waste may 

increase the amount of waste     x x     

Consumer responsibility     x   x   

Product responsibility     x x x x 

Land use change, The sufficiency of land area of forests to cover all 

activities: Food, picking berries x       x   

Land use change, The sufficiency of land area of forests to cover all 

activities: Impact on landscape, recreational value x     x x   

Land use change, The sufficiency of land area of forests to cover all 

activities: Other use of food x       x   

Land use change, The sufficiency of land area of forests to cover all 

activities: Use for agriculture x       x   

Land use optimisation: agricultural plants and biowaste x     x     

Access to energy services     x   x   

Compensation of land use to the locals, Land rights x       x   

Rights of indigenous people x       x   

Efficiency of fuel production: no waste, Utilisation of all secondary 

flows x x x x   x 

Efficient use of all secondary flows x x x x   x 
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Maintaining/improving the usefulness of by-products x x x x   x 

Minimising losses x x x x   x 

Utilisation     x x   x 

Utilisation/recycling of by-products x x x x   x 

Compliance with waste hierarchy     x x   x 

Decreasing the amount of waste to landfill     x x   x 

Recycling first     x x   x 

Utilisation of all fractions x   x x   x 

Utilisation of ash in agriculture x   x x     

Utilisation of by-products x x x x   x 

Nutrient recovery x x x x     

Nutrient recycling, recovery of nitrogen x x x x     

Occupational safety x x x   x   

Occupational safety: logistics, mould, dust   x     x   

Safety of transportation - transport equipment   x     x   

Biomass quality conservation during transport and in terminals   x       x 

Dehydration and processing of raw material   x   x   x 

In case of biomass mixing, forwarding of information on each wood 

species  x x   x x x 

Maintaining dryness during storage   x       x 

Superheater corrosion management     x     x 

Risk management of raw materials x     x x   

Competitive price for consumers     x     x 

Energy efficient buildings     x x   x 

Transparent consumer information     x   x   

Energy security     x   x x 

Flexibile and fast fuel supply   x       x 

Supply into the powerplant 24/7 regardless of weather conditions   x x     x 

Access to versatile energy sources     x   x x 

Minimise storage area both in the forest and in the storage facility x x   x   x 

Energy security     x   x   

Maximisation of energy production, management of energy effi-

ciency     x x   x 

Raw material quality and uniformity x     x   x 

Efficiency of harvesting x     x   x 

Reliability of operation x x x     x 

Taking into account the logistics chain   x   x   x 

The quality of small-scale production     x     x 
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Traceability of biomasses x x   x   x 

Traceability of production in decentralised bioenergy production     x x   x 

The feasibility and added value of terminal   x       x 

Distinction of biomass source in forest logging: e.g. stumps and resi-

dues from a sawmill x     x   x 

Product responsibility     x     x 

Proof of traceability x x       x 

Traceability in the whole chain x x x x x x 

Traceability to the farm level x     x x x 

Traceability to the logging area x     x x x 

Transfer of information from logging area all the way to the power 

plant x     x x x 

Unsustainable loads should be traceable x x   x   x 

Optimisation of the transportation distance   x   x   x 

Functionality of separate collection of different waste fractions x x   x   x 

Indicators (162) 

Methane recovery from old landfills (Utilisation of biowaste gener-

ated earlier)     x x     

Utilisation of biowaste from agriculture x     x     

Development of industry x x x   x   

Development of transport x x x   x   

Development of water purification x x x   x   

New business in the rural area x       x   

Rural area transformation, jobs x       x   

Development of infrastructure x x x   x   

Development of residential environment x x x   x   

Vitality of rural areas (especially in Finland) x x     x   

Local air emission savings of NOx x x x x     

Local air emission savings of particles x x x x     

Local soil emission savings x   x x     

Local water emission savings x   x x     

Rotten wood x     x     

Trends related to species x     x     

Local loss of biodiversity x     x     

Networking: producers and other activities locally x x x   x   

Number of deliveries   x   x   x 

Density of deliveries   x   x   x 

Market presence     x     x 
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The development/efficiency of harvesting chain affects business eco-

nomic aspects x x       x 

Emissions of drugs into the environment x     x     

Emissions of germs into the environment x x x x     

Emissions of other chemicals into the environment x     x     

Emissions of pesticides into the environment x     x     

Air quality x x x x x   

Emissions of small particles to air x x x x     

Emissions of substances affecting the ozone layer to air   x x x     

Moulds x x x x     

Waste from production     x x     

Waste in storage on the power plant   x       x 

Heavy metal emissions from nutrient recycling x   x x     

Water quality x x   x x   

Availability of employees x x x   x x 

Changes in local employment x x x   x   

New jobs in the bioenergy chain x x x   x   

Measurement of renewable energy use     x x   x 

Energy consumption of processes: electricity, heat, fuels x x x x   x 

Efficiency per surface area x     x     

Noise x x x x x   

Smell: Inconvenience due to odor emissions (transport, sludge) x x x x x   

The attractiveness of local area (rural, environment) x x x x x   

The value and changes of the landscape increase due to bioenergy 

production. x       x   

Availability of phosphorus x   x x     

Leakage of nutrients especially to water systems x     x     

Eutrophication caused by fertilising x     x     

Nutrient consumption x     x   x 

Production of fertilisers in bioenergy chains x x x x     

Use of fertilisers in bioenergy chains x     x     

Direct land use changes, Feed x     x x   

Direct land use changes, Food x     x x   

Indirect land use changes, Feed x     x x   

Indirect land use changes, Food x     x x   

Functionality of the production process: indicator e.g. the amount of 

odor emissions   x x x   x 

CO2 emission savings including transportation distances 
  x   x     
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GHG emissions x x x x     

GHG emission saving according to RED x x x x     

Carbon balance x     x     

Carbon balance of soil x     x     

Carbon balance: Carbon cycle from forest to forest x     x     

Carbon balance: Renewal rate of forests x     x     

Carbon balance: The carbon balance of forests x     x     

Carbon deficit x     x     

Emission coefficients of wood fractions x   x x     

Carbon balance: Sink: The changes in carbon sinks and taking into 

account carbon releases x     x     

Carbon balance: Sink: The importance of forests and marshes in cli-

mate change mitigation as carbon sinks x     x     

Carbon balance: The calculation of the impact of forest use on car-

bon balance x     x     

Carbon balance: The impact of algae use on carbon balance x     x     

Carbon balance: The role of algae in climate change mitigation x     x     

Carbon capture and storage     x x     

Emission reduction e.g. during combustion (CO2 and methane) 
    x x     

Incineration and purification of emissions from decomposition     x x     

GHG emissions from raw material cultivation: GHG emissions from 

cultivation x     x     

GHG emissions from raw material cultivation: GHG emissions from 

land use change x     x     

GHG emissions from raw material cultivation: GHG emissions from 

preparing the area for cultivation x     x     

GHG emissions from raw material cultivation: GHG emissions from 

the use of fertilisers x     x     

Emission coefficient of the electricity used for the processing x x   x     

Moulds impact health (impact pathway)   x     x   

Particulates impact health (impact pathway)     x   x   

Investments into new technology x x x     x 

Investments x x x     x 

Algae cultivating plants, Fisheries, land use x     x     

Forests: the amount and change of wood mass x     x     

Land area change x     x x   

Land use change, algae cultivating plants x     x     

Land use conflicts x       x   

Land use, m2 
x     x x   
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The efficiency of the use of land area x     x     

Direct land use changes, Bioenergy x     x x   

Indirect land use changes, Bioenergy x     x x   

Distribution network for consumers     x     x 

Number of people trained to recognize e.g. human rights issues in 

the supply chain x x x   x   

The livelihood and rights of indigenous/local people: Environmental 

safety x     x x   

The livelihood and rights of indigenous/local people: Impacts on the 

original means of livelihood x       x   

The livelihood and rights of indigenous/local people: Land availabil-

ity x       x   

The livelihood and rights of indigenous/local people: Ownership x       x   

The livelihood and rights of indigenous/local people: The availability 

of natural resources x       x   

The livelihood and rights of indigenous/local people: The develop-

ment of rural areas x x x   x   

The livelihood and rights of indigenous/local people: Value of land-

scape x       x   

The livelihood and rights of indigenous/local people: Water availa-

bility x       x   

Compensation of land use to local people by paying rents x       x x 

Compensation of land use to the locals by acquisition of land x       x x 

The change of prices of different food products due to bioenergy 

production x       x   

The possibility to utilise natural resources x       x   

The possibility to utilise water resources x       x   

Water price x       x x 

Quality of ash (waste or nutrient)     x x     

Energy consumption of the biofuel production chain (electricity, 

heat, fuels) x x x x   x 

The use of fossil fuels for biofuel production x x   x     

Effective use of material x x x x   x 

Recycling rate     x x   x 

The percentage of recycled fertiliser use of total fertiliser use x     x     

Means of transportation             

Environmental change: nutrients x     x     

Algae cultivating plants, Nutrient use x     x     

Emission: leaching x x x x     

Nutrient balance x     x     
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Solid matter and nutrient recovery of biogas production   x   x   x 

Nutrient recovery through algae x     x     

Recycling nutrients of algae x     x     

Returning nutrients into forests: Erosion x     x     

Returning nutrients into forests: Fertilisers x     x     

Returning nutrients into forests: Soil degradation x     x     

Returning nutrients into forests: Utilising ash in forests x     x     

Growth of fungi during storage as an indicator of safety of usage   x     x   

Defects in occupational safety x x x   x   

Working conditions x x x   x   

Costs of waste processing versus advantages of energy and nutrient 

production     x x   x 

Calorific value (power density)     x x   x 

Processing costs, straightforward actions   x       x 

Raw material quality labeling x     x   x 

Business aspects: Regulatory compliance x x x     x 

Degradation of soil quality x     x     

Land degradation x     x     

Loss of phosphorus and nitrogen x   x x     

Soil compressing   x   x   x 

Demand and supply versus storage capacity   x       x 

National economy aspects Subsidies x x x     x 

Agricultural subsidies x       x x 

Support to small producers x       x   

Ash content of waste (may be high if measured per dry matter con-

tent) x   x x   x 

Calorific value of waste x   x     x 

Composition and purity of waste       x   x 

Moisture content of waste x x x     x 

The share of fossil materials of waste x   x x   x 

Transportability of waste x x   x   x 

The costs of usable technology x x x     x 

The scale of production   x x     x 

Transportation distance   x       x 

Business aspects: Value added x x x     x 

Local economy aspects: Value added x x x   x   

Tidiness of environment, management of separate waste collection 

facilities x x   x     

The sufficiency of water resources x x x x x   
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Use of water reject from biogas production   x   x   x 

The amount of water in relation to water consumption locally x x     x   

Waste water x x   x     

Water consumption x x   x     

Water resources x     x     

Working conditions: especially use of pesticides x       x   

Working time x x x   x   

Toxicity risks for employees x x x   x   

Impacts to be indicated (29) 

Health impacts x x x   x   

Indirect economic impacts x x x   x x 

Impacts on water x x x x     

Emissions and impacts on air x x x x     

Emissions and impacts on soil x x x x     

Impacts on employment x x x   x   

Impacts on landscape x x x x     

Impacts on local economy x x x   x   

Impacts on biodiversity x     x     

Impacts on balance of current payments/taxes x x x     x 

Impacts on land use x     x x   

Impacts on the social environment: nearby inhabitants, acceptability, 

environmental organisations x x x   x   

Health impacts of pesticide use x       x   

Health impacts of e.g. drug residues x   x   x   

Impacts on employees' health x x x   x   

Impact on employment in areas of scattered settlement x   x   x   

Impacts of alternative end-products (electricity, heat, refined fuel) on 

society     x   x   

Impacts on people working in the harvesting chain: Livelihood x       x   

Impacts on people working in the harvesting chain x       x   

Impacts on people working in the harvesting chain x       x   

Impacts of storage on biomass quality   x       x 

Impacts of storage on biomass mixing   x       x 

Impacts of storage on biomass traceability   x       x 

Impacts of waste collection system   x   x   x 

Impacts of changes in water cycles x x x x x   

Impacts of energy supply on well-being     x   x   

Impacts of rain water on terminals   x   x     
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Impacts of logistics chains into centralised production units   x       x 

Impacts of decentralised production on feasibility   x x     x 

Decision-making questions (31) 

Decomposition or other utilisation     x x     

Which fraction of biomass is taken for energy use and which process 

is used (e.g. biogas production with nitrogen and phosphorus for soil 

conditioning as fertiliser)? x   x x     

Which is the best method for sludge utilisation? E.g. heat recovery. x   x x   x 

To be barely under the emission limits or to be significantly under 

the emission limits x x x x   x 

Subsidies or economic feasibility? x x x     x 

Decentralised or centralised bioenergy production?   x     x x 

Energy production and consumption at the same spot     x     x 

Integration of the whole production into one place? x x x     x 

Decentralised or centralised bioenergy production from biowaste?   x       x 

Biogas plant on every farm or biogas on a larger scale?   x       x 

Which is the most feasible method of producing energy from bio-

waste, e.g. combustion versus anaerobic digestion?     x x   x 

District heating (CHP) compared to fireplaces at home (air quality 

problem)     x x x   

Dehydration of biomass-based fuel: when and where   x       x 

Selection of the composition of the fuel     x     x 

Biomass sustainability versus other fuels     x x x   

Emission limits versus total environmental effects x x x x     

Who makes the decisions on land use? x       x   

Plantations as a threat to agriculture? x       x   

Time of logging in regards to sustainability aspects x     x     

Other utilisation opportunities     x     x 

Planning of waste utilisation and selection of the method for utilisa-

tion (energy utilisation or other use) using the criteria: optimal use, 

most effective way of use, best advantage, taking into account local 

conditions     x     x 

Recycling versus energy use     x x   x 

Train versus truck   x   x   x 

Should waste be sorted or mixed together before utilisation for en-

ergy production to protect workers against germs: ?   x       x 

Alternative uses of fuel (food/feed, electricity production, transporta-

tion fuel, wood processing,…)     x x x x 

Quality and usability of biofuels in comparison to fossil fuels (e.g. 

for cars)     x x   x 
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To whom is the energy sold? What impacts does this have?     x   x x 

Small farmers as optional biomass producers x       x   

Should waste be sorted or mixed together before utilisation to pro-

duce energy efficiently?   x x     x 

Transportable terminals in trucks   x       x 

Maximum distance to terminal   x       x 

Observations (96)             

Legislation restricts the use of waste products, so defining a material 

as waste may make utilisation of the material difficult. x   x x   x 

The management of messages and criticism from media sources (in 

companies) x x x   x x 

The opportunities to utilise waste from the perspective of societal ac-

ceptability are influenced by challenges in communications, e.g. the 

understandability of messages. Also insufficient resources of a recip-

ient of the message to familiarize themselves with the issue may 

raise ungrounded criticism.     x   x   

The opportunities to utilise waste from the perspective of societal ac-

ceptability are influenced by the definitions of waste and residue.     x   x   

The reputation or social image of waste affects the societal accepta-

bility of waste utilisation; waste raises prejudices and resistance; "not 

in my back yard".     x   x   

Total efficiency, CO2 emissions and the benefits of CHP affect the 

acceptability of production     x x x   

Disadvantages to the environment or local people because of energy 

utilisation of biowaste instead of alternative uses, e.g. in developing 

countries people may collect biowaste for food/feed, Utilisation of 

biowaste as fertiliser - nutrient cycle (N and P) x   x x x   

Biodiversity degradation weakens ecosystem services x     x     

Large-scale utilisation of forests causes risk of erosion. x     x     

Old forests are significant habitats of diverse flora and fauna. x     x     

The drainage of peatlands affects an area much wider than the peat-

land itself. x     x     

Turning forests into wood cultivation fields decreases biodiversity 

and opportunities for utilisation. x     x     

Utilisation of forest residues decreases the diversity of forest habitat. x     x     

Combustion of biomass in small plants for heat production (no elec-

tricity) has low efficiency (exergy)     x     x 

District heating should be valued higher.     x     x 

In developing countries the market system is developing, so waste 

does not end up in right places from the perspective of economic fea-

sibility.     x     x 

Economy of scale x x x     x 



Appendix C: Workshop 1 sustainability aspects 198 

Ecotoxicity issues with the use of sludge as recycled fertiliser x   x x     

Emissions of the long-term storage are unknown   x   x     

Also subcontractors employ x x     x   

Utilisation of secondary flows creates new jobs. x x     x   

More peak production in the future from biomass?     x x   x 

Efficiency affects the feasibility of a power plant     x     x 

Energy efficiency affects economic efficiency     x     x 

Energy producer is not interested in energy losses in fuel chain due 

to outsourcing   x x     x 

Congestions: Smaller energy content of biomass increases the num-

ber and density of deliveries which increases congestions x x x   x   

Energy distribution network - fragmentation of environment - dis-

tances     x     x 

Smaller energy content of biomass increases the number and density 

of deliveries which affects noise levels (impact pathway) x x x   x   

Agricultural policy x       x   

Europe is agriculture oriented - are agrobiomasses going to be man-

datory x       x x 

In India, 40% of children are malnourished x       x   

In Poland and EU fear of overproduction of grain x         x 

Political conflict: parties provide poor people with food to win the 

elections x       x   

Political interests impact both bioenergy and food production differ-

ently in different areas. Due to political steering the realised option is 

not always the feasible option. x       x   

The land demand of meat production is large due to feed production 

needs. x     x     

The use of cultivation area for bioenergy production is disabled by 

food production goals. x       x   

Challenges in defining the GHG balance x     x     

CO2 systems as a driving force of development of fuel chains (also 

outside the EU) x x x x   x 

Energy production is often decentralised, which makes sorting and 

logistics challenging.   x       x 

Differences in efficiency and feasibility of sustainable investments in 

large and small power plants     x     x 

Economic well-being through investments x x x   x x 

Long repayment period x x x     x 

Changes in the local environment due to the location of the power 

plant   x x x     

Forest is a top product for recreational use x           
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Inefficiency of food production x       x   

Only some parts of the cultivated plants are edible. x       x   

Over-regulation on the use of arable land x       x x 

Population growth requires more land area for food production and 

food security x       x   

The division of land rights can be confusing: many people may own 

rights to the same land area on paper. x       x   

Wars due to land use conflicts, e.g. in India local tribes don't accept 

the use of their traditional land areas. x   x   x   

Additional income through small businesses x x x   x x 

The deterioration of possibilities of making a living due to endan-

gered traditional means of livelihood x       x   

The means of earnings by collection and logistics of materials in 

poor communities change when large companies get involved x x     x   

The utilisation of biomasses provides local inhabitants with a means 

of livelihood. x       x   

Human rights issues in the supply chain x x x   x   

The change in ownership and utilisation of natural resources: threats x       x   

Competing uses of waste     x x x x 

Secondary flows or waste available from the food chain x     x     

Also gas pipes are a means of transport of bioenergy (biogas, bio-

SNG)   x       x 

Nutrient cycle is endangered if all agricultural biomass is collected. x     x     

On one hand, algae can be utilised in eliminating extra nutrients from 

water. On the other hand algae cultivation may consume nutrients 

necessary for food production. x     x x   

The intensification of forestry impacts the natural cycle of nutrients 

in forests. x     x     

Optimal use of biomass: I high-value products, II food III energy or 

soil improvement x     x x x 

Biowaste preservability problem   x   x   x 

Energy content decreases due to dry matter loss during storage   x       x 

Refining - local increase in energy use   x     x   

Requirements to raw material increase the number of transportations   x   x   x 

Transportation of water is not feasible x         x 

Waste as raw material: germs, bacteria x       x   

Algae + warm waste water = opportunity x     x   x 

More solutions for energy storage - helps in elasticity of demand     x     x 

Rising demand of green electricity?     x     x 

Biowaste is especially a local problem, small flows x       x   

Changing waste flows at the present and in the future x     x   x 
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Multi-fuel plants: possibility to use different fuels as fuel availability 

and price variate     x     x 

Seasonality of raw material x   x     x 

The flexibility of boilers for varying fuels is important.     x     x 

Monoculture may lead to soil degradation and deterioration of land 

cultivability. x     x     

Buffer capacity of terminals necessary due to small power plant sites   x       x 

The functionality of subsidies and steering of the society x   x   x   

The skewing impact of subsidies in the long term x   x     x 

Creation of business opportunities for locals, farmers cultivate part 

of their land area for food production and part of their land area for 

bioenergy production x       x   

Cutting subsidies and bureaucracy cause fatigue of farmers x       x   

Small farmers x       x   

Changes in quality of fuel fraction     x     x 

Problems of waste combustion: boiler corrosion     x     x 

Special requirements for waste boilers on boiler technology and 

waste combustion.     x     x 

Virtual terminals may increase employment in sparsely populated ar-

eas   x     x   

Traceability not possible for biowaste from consumers x x       x 

Disadvantages of transportation to the population: more transport, 

accidents, dust, noise, condition of the roads   x     x   

Increasing transport: noise, safety   x     x   

Poor management of separate waste collection facilities is a problem 

e.g. in India. x x   x x   

Separate collection infrastructure increases local transport and may 

e.g. endanger the safety of children   x     x   

Problems especially on dry areas x     x x   

Water consumption is not yet a problem in Finland. Future re-

strictions? x x x x     

Different cases of ownership/possession of forests x       x   
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Appendix D: Sustainability questions at maturity levels 

Appendix D presents the results of Publication III. Publication III provided examples of 

sustainability themes, sustainability questions, measures, methods and tools at different 

maturity levels of corporate responsibility for sustainability in the bioenergy context ac-

cording to the maturity model of corporate responsibility for sustainability in Figure 3.9, 

which has been reproduced below as Figure D.1. The maturity model of corporate re-

sponsibility for sustainability in Figure D.1 provided the framework for the categorisation 

of data. Furthermore, Figure D.2., which equals Figure 3.3 shows a depiction of the bio-

butanol life cycle that was used as a case study and as a basis for data categorisation. In 

Appendix D the sustainability questions at different maturity levels have been linked to 

different sustainability themes and methods as an addition to what has been presented in 

Publication III. 

Figure D.1. The maturity model of corporate responsibility for sustainability used as an organising 

tool in the data analysis in Publication III 

 

 

Figure D.2. A theoretical life cycle of biobutanol in Workshop 2 (Publication III) 
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Profitability orientation 

The list presented below contains the sustainability questions collected at each stage of 

the biobutanol life cycle that are related to the first level of the profitability orientation, 

the objective of which is to ensure the feasibility and profitability of business by conduct-

ing different economic feasibility studies. The numbers in parentheses following the sus-

tainability questions indicate the sustainability theme to which they belong. An overview 

of these themes and the links between the questions is presented in Figure D.3. 

Cultivation of sugarcane: 

 Does the RED describe conditions for the renewal rate of raw material that could 

benefit the economic feasibility of operations? (1) 

 How does local legislation affect the economic feasibility of operations? (1) 

 Are such investments subsidised? (1) 

 Is the required infrastructure, such as roads, available in the area? (3) 

Processing of sugarcane and biobutanol: 

 Is it economically feasible for the refinery to use sugarcane as a raw material for 

the production of biobutanol? (2) 

 What is the necessary amount of subsidies for investment? (1) 

Delivery and storage of biobutanol: 

 How do the requirements related to importing butanol into the EU affect economic 

feasibility? (1) 

 Could biobutanol production increase an oil company’s profits? (4) 

 Are economic subsidies available for investments in the biobutanol distribution 

network? (1) 

Use of biobutanol as a transportation fuel: 

 How do the current (10% by 2020) and future (max. 5% produced from food 

crops) requirements of the RED affect the economic feasibility of using biobutanol 

as a transportation fuel? (1) 

 How do the RED requirements related to greenhouse gas emission reduction affect 

economic feasibility? (1) 

 How does the development of fuel taxation affect the economic feasibility of bio-

butanol? (1) 

 How do subsidies affect the selection of the process/technology or end product? 

(1) 

 How much does the end product need to be subsidised before its production is 

economically feasible? (1) 
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Figure D.3. Sustainability themes in the profitability orientation with the objective of ensuring 

the feasibility and profitability of business 

The following list shows the sustainability questions collected at each stage of the biobu-

tanol life cycle that were related to the second level of the profitability orientation, the 

objective of which is to cut costs by improving efficiency. Only the use stage of the life 

cycle did not include relevant questions for this level. Publication III also considered the 

profitability-acceptability orientation to include footprint reduction measures that re-

quired efficiency improvements and created value for stakeholders. Thereby, Publication 

III reported challenges in distinguishing efficiency improvements that companies imple-

ment in response to purely business economic interests (relevant for this level) and the 

efficiency improvements companies make to enhance environmental or social sustaina-

bility and to create value for multiple stakeholders (relevant for the profitability-accepta-

bility level). The Appendix of Publication III showed all efficiency measures in conjunc-

tion with the profitability-acceptability orientation. Deviating from that, this thesis 

demonstrates the majority of the efficiency measures in the following list of cost-cutting 

efficiency measures and some sustainability questions (those that could not be directly 

associated with cost-cutting measures) were kept on the list of questions concerning the 

profitability-acceptability orientation. It should be noted that bioenergy businesses at the 

level of the profitability-acceptability orientation may also consider the sustainability 

questions related to efficiency measures on the list presented below from a different per-

spective. 
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Figure D.4 presents the sustainability themes that can be associated with measures to im-

prove efficiency and their respective methods and tools. The numbers after the sustaina-

bility questions indicate the sustainability theme to which they belong and the link be-

tween the question and the theme is depicted in Figure D.4. 

Cultivation of sugarcane: 

 Does energy sugarcane cultivation compete with food production for the land 

area? (4) 

 Are there waste materials suitable for utilisation in the area? (3) 

 Are there by-products suitable for utilisation in the area? (3) 

 Are there alternative raw materials in the area? (3) 

 Are there seasonal variations in sugarcane yields and are these foreseeable and 

manageable? (3) 

 Can sugarcane yield per area be increased? (3) 

 Are phosphorus resources sufficient? (3) 

 Can surface or ground water use be decreased? (2) 

 Can chemical consumption be decreased? (3) 

 Can waste production be decreased? (3) 

 Can the efficiency of the process and equipment be increased? (6) 

 Can by-products be recycled? (3) 

 Which harvesting technology is used (manual or mechanical)? (6) 

 How much water does the process consume? (2) 

 Is crop rotation necessary? (3, 4) 

 Is water temporally or spatially distributed? (2) 

 Is irrigation necessary? (2) 

 Which water resources are used for irrigation? (2) 

 Can fertiliser use be decreased? (3) 

 Can pesticide use be decreased? (3) 

Processing of sugarcane and biobutanol: 

 Can surface or ground water use be decreased? (2) 

 Can chemical consumption be decreased? (3) 

 The technology is not optimal yet; is additional development needed before it is 

utilised? (6) 

 Can by-products be recycled? (3) 

 Can the acetone be refined into other products? (3) 

 What is the energy efficiency of the whole chain? (1) 
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 Could the process be energy self-sufficient? (1) 

 Can the efficiency of the process and equipment be increased? (6) 

 Could heat be recovered? (1) 

 Can by-products be recycled? (3) 

 Does the process consume a large amount of water? (2) 

Delivery and storage of biobutanol: 

 Is water consumed? (2) 

 How much land do delivery and storage operations require? (4) 

 Could delivery vehicles be utilised for transportation of other productive goods; 

e.g., on their way back from the coast? (5) 

 What is the most feasible method of transportation: pipelines or trucks and tank-

ers? (5) 

 Is the implementation of logistics reasonable (economically and from an emis-

sions perspective)? (5) 
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Figure D.4. Sustainability themes, measures methods and tools in the profitability orientation with 

the objective to cut costs 

Acceptability orientation 

The list presented below contains the sustainability questions collected at each stage of 

the biobutanol life cycle that are related to the first level of the acceptability orientation, 

the objective of which is for the business to gain the stakeholders’ basic approval by 

complying with legislative requirements. The explanations in parentheses after the sus-

tainability questions indicate the link between the sustainability questions and Figure D.5. 

Figure D.5 represents the business-as-usual in the acceptability orientation: compliance 

with mandatory legislative requirements. 

Cultivation of sugarcane: 

 Does sugarcane comply with the sustainability criteria? (Reactive, RED) 

 Does land use change decrease or increase carbon stock? (Reactive, RED) 
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 Does the RED contain conditions for the renewal rate of raw material that could 

benefit the economic feasibility of operations? (Reactive, RED) 

 Does the RED contain a default value for butanol? (Reactive, RED) 

 How would an indirect land use change coefficient affect the greenhouse gas cal-

culation of the first generation biofuels according to the RED? (Reactive, RED) 

 How does local legislation affect the economic feasibility of operations? (Reac-

tive) 

 Do losses of carbon stock occur as a result of the utilisation of new production 

areas? (Reactive, RED) 

 Do the operations decrease the quality of local water resources? (Reactive, local 

legislation/environmental permit or proactive beyond legislation activities in the 

absence of such legislation) 

 Do the operations decrease the quality of the soil that is available for agriculture? 

(Reactive, local legislation/environmental permit or proactive beyond legislation 

activities in the absence of such legislation) 

 Does the necessary transportation infrastructure decrease air quality? (Reactive, 

local legislation/environmental permit or proactive beyond legislation activities 

in the absence of such legislation)  

 Does biodiversity decrease due to sugarcane cultivation? (Reactive, RED) 

 Do fertilisers and pesticides decrease environmental quality; e.g., by causing eu-

trophication or toxicity impacts? (Reactive, local legislation/environmental per-

mit or proactive beyond legislation activities in the absence of such legislation) 

 What greenhouse gas emissions result from land use change? (Reactive, RED) 

 How can information for greenhouse gas calculations be collected from the 

whole chain? (Reactive, RED) 

 Are the local authorities authorised to lease the land? (Reactive, legally valid 

contracts) 

 Are human rights respected in the harvesting chain? (Reactive, local legislation 

or proactive beyond legislation activities in the absence of such legislation) 

 Does chemical use have health impacts? (Reactive, local legislation or proactive 

beyond legislation activities in the absence of such legislation) 

Processing of sugarcane and biobutanol: 

 Is the best available technology utilised within production processes? (Reactive, 

local legislation or proactive beyond legislation activities in the absence of such 

legislation) 
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 What air emissions does the process generate? (Reactive, local legislation/envi-

ronmental permit or proactive beyond legislation activities in the absence of 

such legislation) 

 Do the operations deteriorate local air quality? (Reactive, local legislation/envi-

ronmental permit or proactive beyond legislation activities in the absence of 

such legislation) 

 Does the increasing transportation deteriorate air quality? (Reactive, local legis-

lation/environmental permit or proactive beyond legislation activities in the ab-

sence of such legislation) 

 What water emissions does the process generate? (Reactive, local legislation/en-

vironmental permit or proactive beyond legislation activities in the absence of 

such legislation) 

 Do the operations deteriorate local water quality? (Reactive, local legislation/en-

vironmental permit or proactive beyond legislation activities in the absence of 

such legislation) 

 What soil emissions does the process generate? (Reactive, local legislation/envi-

ronmental permit or proactive beyond legislation activities in the absence of 

such legislation) 

 Do the operations deteriorate the quality of soil suitable for agriculture? (Reac-

tive, local legislation/environmental permit or proactive beyond legislation activ-

ities the absence of such legislation) 

 Can emissions be prevented? (Reactive, local legislation/environmental permit 

or proactive beyond legislation activities in the absence of such legislation) 

 Has occupational safety been taken into account? (Reactive, local legislation/en-

vironmental permit or proactive beyond legislation activities in the absence of 

such legislation) 

Delivery and storage of biobutanol: 

 How do requirements related to the importation of butanol to the EU area affect 

economic feasibility? (Reactive) 

 What emissions does transportation cause? (Reactive, local legislation/environ-

mental permit or proactive beyond legislation activities in the absence of such 

legislation) 

 Can emissions be prevented? (Reactive, local legislation/environmental permit 

or proactive beyond legislation activities in the absence of such legislation) 

 Do distribution points deteriorate local air quality? (Reactive, local legisla-

tion/environmental permit or proactive beyond legislation activities in the ab-

sence of such legislation) 
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 Do distribution points or storage put local water resources at risk? (Reactive, lo-

cal legislation/environmental permit or proactive beyond legislation activities in 

the absence of such legislation) 

 Does the distribution network include operations that are hazardous to health? 

(Reactive, local legislation/environmental permit or proactive beyond legislation 

activities in the absence of such legislation) 

 Can the toxic butanol be delivered safely? (Reactive, local legislation/environ-

mental permit or proactive beyond legislation activities in the absence of such 

legislation) 

 How can butanol leakages during transportation be prevented? (Reactive, local 

legislation/environmental permit or proactive beyond legislation activities in the 

absence of such legislation) 

 Is butanol explosive? (Reactive, local legislation/environmental permit or proac-

tive beyond legislation activities in the absence of such legislation) 

 Are there occupational safety risks due to leakages or accidents? (Reactive, local 

legislation/environmental permit or proactive beyond legislation activities in the 

absence of such legislation) 

 Does the distribution network incur a risk of fire or explosion? (Reactive, local 

legislation/environmental permit or proactive beyond legislation activities in the 

absence of such legislation) 
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Use of biobutanol as a transportation fuel: 

 Does the use of biobutanol decrease greenhouse gas emissions in comparison to 

the use of fossil fuels? 

 What are the restrictions of the EU ILUC Directive for first generation biofuels? 

(Reactive, RED) 

 How do the current (10% by 2020) and future (max. 5% produced from food 

crops) requirements of the RED affect economic feasibility? (Reactive, RED) 

 How do the RED requirements on greenhouse gas emission reduction affect eco-

nomic feasibility? (Reactive, RED) 

 What kind of positive impacts do EU sustainability criteria have on the produc-

tion chain? (Reactive, RED) 

 Is the EU planning distribution targets for biofuels by 2020? (Proactive) 

 Can separate legislation be expected for food-based and new generation raw ma-

terials or fuels derived from them? (Proactive) 

 Does the use of biofuels generate heavy metal emissions? (Reactive, local legis-

lation/environmental permit or proactive beyond legislation activities in the ab-

sence of such legislation) 

 Does the use of biofuels generate emissions of particulates? (Reactive, local leg-

islation/environmental permit or proactive beyond legislation activities in the ab-

sence of such legislation) 

 What kind of problems do emissions from transport cause? (Reactive, local leg-

islation/environmental permit or proactive beyond legislation activities in the ab-

sence of such legislation) 

 Does biobutanol increase emissions in proximity to the use? (Reactive, local leg-

islation/environmental permit or proactive beyond legislation activities in the ab-

sence of such legislation) 

 How does the toxicity of butanol leakages impact the environment and to where 

do the leakages spread? (Reactive, local legislation/environmental permit or pro-

active beyond legislation activities in the absence of such legislation) 

 Do fuel distribution stations pose risks for ground water? (Reactive, local legis-

lation/environmental permit or proactive beyond legislation activities in the ab-

sence of such legislation) 

 Do fuel distribution stations or the use of the fuel cause emissions that are haz-

ardous to health? (Reactive, local legislation/environmental permit or proactive 

beyond legislation activities in the absence of such legislation) 



Appendix D: Sustainability questions at maturity levels 211 

 Does the use of biobutanol as a transport fuel incur a risk of fire or explosion? 

(Reactive, local legislation/environmental permit or proactive beyond legislation 

activities in the absence of such legislation) 

 

Figure D.5. Sustainability measures, methods and tools in the acceptability orientation with the 

objective of claiming the basic approval of business through compliance with legislative require-

ments 

The list presented below contains the sustainability questions collected at each stage of 

the biobutanol life cycle that are related to the second level of the acceptability orienta-

tion, the objective of which is to build trust among stakeholders by responding to their 

enquiries and fulfilling their expectations. The explanations in parentheses after the sus-

tainability questions indicate the link between the sustainability questions and Figure D.6. 

The explanations are based upon speculation as opposed to an in-depth analysis of the 

existing standards and certification systems and do not incorporate knowledge of the 

stakeholder requirements. The stakeholder groups in the parentheses represent examples 

of stakeholders who could make enquiries related to the sustainability question. Figure 

D.6 shows the approaches to stakeholder requirements and respective measures, methods 

and tools. 

Cultivation of sugarcane: 

 What kind of standardisation systems exist for sugarcane cultivation? (Proactive, 

demonstrate sustainability) 
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 Can raw material production be certified? (Proactive, demonstrate sustainability) 

 Does certification help to develop sustainability at the first stages of the biofuel 

chain? (Proactive, communicate sustainability to suppliers) 

 Does the production process include stages that are hazardous for health? (Reac-

tive, employees’ enquiry or proactive in the absence of such enquiries) 

 Has the safety of harvesting and cultivation been taken care of? (Reactive, em-

ployees’ enquiry or proactive in the absence of such enquiries) 

 Does the work include risks of accidents? (Reactive, employees’ enquiry or pro-

active in the absence of such enquiries) 

 Are there occupational health risks related to ergonomics? (Reactive, employees’ 

enquiry or proactive in the absence of such enquiries) 

 Does local fauna cause occupational health risks? (Reactive, employees’ enquiry 

or proactive in the absence of such enquiries) 

 What kind of contracts of employment do farmers have and with whom? (Reac-

tive, suppliers’ enquiry or proactive in the absence of such enquiries) 

 Have the rights of indigenous people been taken into account? (Reactive, indige-

nous people’s enquiry or proactive in the absence of such enquiries) 

 Is the ethical use of labour force ensured? (Reactive, any stakeholder’s enquiry 

or proactive in the absence of such enquiries) 

 Is child labour utilised? (Reactive, any stakeholder’s enquiry or proactive in the 

absence of such enquiries) 

 Is the livelihood of local people secured? (Reactive, local people’s enquiry or 

proactive in the absence of such enquiries) 

 Does chemical use have health impacts? (Reactive, employees’ enquiry or proac-

tive in the absence of such enquiries) 

 Does the work include mental risks? (Reactive, employees’ enquiry or proactive 

in the absence of such enquiries) 

 What kind of problems does working in high temperatures cause? (Reactive, em-

ployees’ enquiry or proactive in the absence of such enquiries) 

 Is it feasible from the local residents’ perspective to use sugarcane for biobutanol 

production? (Reactive, local residents’ enquiry or proactive in the absence of 

such enquiries) 

 Does the sugarcane production influence the livelihood of local residents? (Re-

active, local residents’ enquiry or proactive in the absence of such enquiries) 

Processing of sugarcane and biobutanol: 

 Are there standards in place and are the operations in accordance with them? 

(Reactive, compliance with standards) 
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 Has occupational safety been taken into account? (Reactive, employees’ enquiry 

or proactive in the absence of such enquiries) 

 Does the production process include stages that are hazardous for health? (Reac-

tive, employees’ enquiry or proactive in the absence of such enquiries) 

 Does the production process include stages that are hazardous? (Reactive, em-

ployees’ enquiry or proactive in the absence of such enquiries) 

 What kind of occupational safety challenges does the toxicity of butanol cause? 

(Reactive, employees’ enquiry or proactive in the absence of such enquiries) 

 Is further research on social impacts necessary? (Proactive, demonstrating sus-

tainability) 

 What is the local opinion on the development of a large production plant? (Pro-

active,  local residents’ opinion) 

Delivery and storage of biobutanol: 

 Is the fuel certifiable? (Proactive, demonstrating sustainability) 

 How can butanol leakages during transportation be prevented? (Reactive, any 

stakeholder’s enquiry or proactive in the absence of such enquiries) 

 Are there occupational safety risks due to leakages or accidents? (Reactive, em-

ployees’ enquiry or proactive in the absence of such enquiries) 

 Does the construction or use of the distribution network include hazardous 

stages? (Reactive, employees’ enquiry or proactive in the absence of such en-

quiries) 

Use of biobutanol as a transportation fuel: 

 Is the EU planning distribution targets for biofuels for 2020? (Proactive, train 

customers) 

 Can separate legislation be expected for food-based and new generation raw ma-

terials or fuels derived from them? (Proactive, demonstrate and communicate 

sustainability) 

 Does the use of biobutanol generate heavy metal emissions? (Reactive, any 

stakeholder’s enquiry or proactive in the absence of such enquiries) 

 Does the use of biobutanol generate emissions of particulates? (Reactive, any 

stakeholder’s enquiry or proactive in the absence of such enquiries) 

 Does the use of biobutanol cause risk of fire or explosion? (Reactive, any stake-

holder’s enquiry or proactive in the absence of such enquiries) 
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 What problems could occur at fuel distribution stations and are they avoidable? 

(Reactive, any stakeholder’s enquiry or proactive in the absence of such enquir-

ies) 

 

Figure D.6. Sustainability measures, methods and tools in the acceptability orientation with the 

objective of building trust among stakeholders through responding to their requirements and ful-

filling their expectations. Customers are used as an example of a stakeholder group. 

Profitability-acceptability orientation 

The list presented below contains the sustainability questions that were collected at each 

stage of the biobutanol life cycle that are related to the profitability-acceptability orienta-

tion, the objective of which is to acquire a long-term licence to operate from stakeholders 

by creating win-win situations and value for multiple stakeholders. The numbers in pa-

rentheses indicate the sustainability theme to which the questions are linked (See Figure 

D.7). Figure D.7 depicts different stakeholders, sustainability measures related to creating 

win-win situations between the stakeholders and the company and value for the stake-

holders and respective methods and tools. It is important to note that the list of stakehold-

ers presented in Figure D.7 is not comprehensive.  
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Cultivation of sugarcane: 

 Does sugarcane cultivation for energy compete with cultivation for food produc-

tion in terms of land area? (1, 2) 

 Sugar is food; is sugarcane use for energy acceptable?  (1) 

 Is the utilisation of sugarcane that is of a poorer quality possible? (1) 

 Do losses of carbon stock occur due to the utilisation of new production areas? (2) 

 Does the establishment of the sugarcane cultivation area decrease opportunities 

for local species to find food, water, roaming space, or shelter? (2) 

 Can ecological corridors increase biodiversity? (2) 

 Do fertilisers and pesticides decrease environmental quality; e.g., by causing eu-

trophication or toxicity impacts? (1, 2) 

 Do pesticides cause problems and how toxic are they? (1, 2) 

 Do the operations spoil the landscape? (1, 2) 

 Could new infrastructure benefit the local community? (1) 

 Are the cattle farmers forced to move? (1) 

 Are all (potential) uses of the area known? (1, 2) 

 What problems does the relocation of labour force cause? (1, 2, 3) 

 Is education available for farmers (literacy and numeracy)? (3, 4) 

 Is the livelihood of local people secured? (1) 

 Does chemical use have health impacts? (1, 3, 4)  

 Does the work include mental risks? (3, 4) 

 What type problems does working in high-temperature conditions cause? (3, 4) 

 Is the use of sugarcane for biobutanol production feasible from the local residents’ 

perspective? (1) 

 Does the sugarcane production influence the livelihood of local residents? (1) 

 Does the sugarcane harvesting stage generate employment opportunities for local 

people? (1, 3) 

 Are local people suitable for the work? (3) 

 Are housing, other infrastructure, and services available for employees and their 

families in the area or at a reasonable distance? (3) 

 Is the additional education of the employees necessary? (3) 

 Can energy production based on fossil fuels be reduced? (5) 

 Does increasing transport increase congestion? (1) 

 How much does transport increase accidents? (1) 
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Processing of sugarcane and biobutanol: 

 Can surplus electricity from the process be fed into the local electrical network? 

(1) 

 Can energy production based on fossil fuels be reduced? (5) 

 Are there more sustainable refining technologies available that aim to deliver the 

same end product and end use? (1, 2, 3, 5) 

 Can the production technologies be developed such that they are more ecologi-

cally sustainable? (1, 2, 3, 5) 

 Do the operations spoil the landscape? (1) 

 Do the operations create new jobs in the area? (1) 

 Are jobs part-time or full-time? (3) 

 Do the new jobs replace other jobs? (1) 

 Where is the labour force available? (1, 3) 

 Do the employees have social security (health care, kindergartens, water, and 

food)? (3) 

 How does the new production plant affect prices? (1) 

 How many jobs are created? (1) 

 Does sugarcane production influence the livelihood of local residents? (1) 

 Are local people suitable for the work? (3) 

 Are housing, other infrastructure, and services available for employees and their 

families in the area or within a reasonable distance? (3) 

 Is the additional education of the employees necessary? (3) 

 How is the tax revenue to the state affected? (1) 

 Does the construction of housing for employees result in the consumption of nat-

ural resources? (2) 

 Does increasing transport increase congestion? (1) 

 How much does the transport increase accidents? (1) 

Delivery and storage of biobutanol: 

 Could new business be developed around the by-products of the activity? (1, 2, 3, 

4, 5) 

 Are fossil fuels utilised in transportation? (5) 

 How can butanol leakages during transportation be prevented? (1, 2, 3) 

 What are the impacts of toxic leakages on the whole chain? (1, 2, 3, 4, 5) 

 Does the distribution network spoil the landscape? (1) 

 What are the impacts on the development of the area? (1) 

 Are secondary jobs increased? (1) 

 Does the distribution network cause a risk of fire or explosion? (1) 

 How is the tax revenue to the state affected? (1) 

 How many jobs are created? (1) 
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 What is the regional value added? (1) 

Use of biobutanol as a transportation fuel: 

 What kind of positive impacts do EU sustainability criteria have on the production 

chain? (1, 2, 4, 5) 

 What emissions affect the environment in proximity to the use? (1, 2, 5) 

 Does the use of biobutanol generate heavy metal emissions? (1, 2, 5) 

 Does the use of biobutanol generate emissions of particulates? (1, 2, 5) 

 What kind of problems do emissions from transport cause? (1, 2, 5) 

 How does the toxicity of butanol leakages impact the environment and where do 

the leakages spread? (2) 

 Is consumer use of biobutanol subsidised? (5) 

 How is the tax revenue to the state affected? (1) 

 How many jobs are created? (1) 

 How much gasoline needs to be blended with biobutanol before the fuel blend 

can be used in a gasoline engine? (5) 

 Does biobutanol use cause problems in engines? (5) 

 What is the real blend-wall? (5) 
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Figure D.7. Sustainability measures, methods and tools in the profitability-acceptability orienta-

tion with the objective of acquiring a long-term licence to operate from stakeholders 
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Sustainability orientation 

The list presented below contains the sustainability questions collected at each stage of 

the biobutanol life cycle that are related to the sustainability orientation, the objective of 

which is to justify bioenergy by responding to urgent planetary and human sustainability 

challenges and opportunities through bioenergy solutions. 

Cultivation of sugarcane: 

 Are more sustainable alternative uses for sugarcane available? 

 Does sugarcane cultivation force other land uses into more highly biodiverse 

land areas? 

 Does pasture move elsewhere, causing biodiversity risks? 

 Is biodiversity linked with pasture? 

Processing of sugarcane and biobutanol: 

 Can surplus electricity from the process be fed into the local electrical network? 

 Is the ABE process a reasonable choice as it involves large amounts of acetone?  

 Would ethanol production be a more feasible choice than butanol production? 

 What is the yield of butanol in comparison to the yield of ethanol? 

Delivery and storage of biobutanol: 

 What are the challenges associated with green leakage from Brazil to Europe? 

 Why not produce ethanol for the Brazil domestic market instead of butanol for 

the European market? 

 Could new business be developed around by-products? 

 Is this business reasonable in the first place in terms of the toxicity of the end 

product? 

 What role does the exportation of butanol play in Brazil’s economy? 

Use of biobutanol as transportation fuel: 

 How much does the use of biobutanol decrease the use of fossil energy re-

sources? 

 How much can biobutanol production be sustainably increased?  

 Does the availability of biobutanol increase the popularity of cars and road trans-

portation and their negative impacts if biobutanol has an ecological (“green”) 

image? 

 Is food as raw material problematic?  

 What are the benefits of a higher calorific value? 
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 Does biobutanol have other uses?  

 Why not use electric cars? 

 How much energy is used during the life cycle in relation to the energy content 

of the end product? 
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a b s t r a c t

International trade in biomass for energy is growing and wood pellets have become a very successful
internationally traded bioenergy-based commodity. Russian wood pellets have captured an important
share of European markets. The wood pellets are mainly transported to European markets by sea. The
paper addresses challenges facing wood pellet logistics in Northwest Russia, through the ports of St.
Petersburg, Vyborg, and Ust-Luga, focusing on options for seaborne transportation of pellets from pro-
ducer to consumer from the economic, environmental and regulatory perspectives. The study shows that
seaborne transportation of Russian wood pellets faces many constraints and without improvements in all
stages of the wood pellet transportation chain through Northwest Russian seaports, the future for
Russian wood pellet exports to Europe does not seem promising from the economic and environmental
perspectives. Optimal logistics-related decisions require analysis of each specific situation, with detailed
study of the investment and production capacities of the individual companies involved. Better knowl-
edge of the respective stages of the wood pellet transportation chain and full consideration of the
environmental aspects involved will enable effective optimization actions to be taken. This study
represents a starting point for further discussion of possible improvements to seaborne wood pellet
transportation to European consumers.

& 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

International trade in biomass for energy has flourished in recent
years, and wood pellets have become one of the fastest-growing
internationally traded bioenergy-based commodities [1–3]. In 2006,
worldwide production of wood pellets was estimated to be between
approximately 6 and 7 million tons [4]. By 2012, global wood pellet
production had roughly tripled and had reached 18.5 million tons [5],
while the global capacity for wood pellets was estimated at
28 million tons in 2010 [6,7]. In 2014, wood pellet production
increased pace, rising to 27 million tons [5]. Table 1 presents data for
global trade in wood pellets. Demand for wood pellets is projected to
grow, rising to 40–50 million tons by 2020 [8] and more than
50 million tons by 2025. The European Union (EU) is the main con-
sumer of wood pellets, a position it is expected to maintain in the
foreseeable future (Fig. 1).

Russian pellets have captured an important share of European
markets (Table 1). Although the EU is a major producer of wood
pellets [11,12], it is also a significant consumer of imported pellets
[13,14] (Table 1 and Fig. 1). Russia is the world’s fifth largest
exporter of wood pellets after USA, Canada, Latvia, and Germany
[15], and the third largest exporter of wood pellets to the EU after
USA and Canada (Table 1). Principal export markets for Russian
pellets are Denmark and Sweden, with Germany, Finland, and Italy
comprising other important markets [16].

Wood pellets are a climate-friendly fuel compared with fossil
fuels [17]. Compared with other biomass fuels, pellets are easy to
handle, store and transport, and they are used as fuel for heating
and electricity generation and combined heat and power. The low
moisture content and relatively high heating value (about 17 MJ/
kg) of wood pellets make export to markets using long-distance

transportation by ship economically attractive [18]. Mobini et al.
[19] present a typical wood pellet supply chain (Fig. 2) from the
source of the raw material to the end consumers. Wood pellets are
usually stored in silos or warehouses, or directly bagged for dis-
tribution, and are distributed in many forms, including consumer
bags (15–18 kg), big bags (500 kg), containers, railcars, and ocean
vessels. In addition, residential market deliveries are performed
using tank trucks, especially in Europe, where proper storage
facilities are available at customers’ locations [19].

Thomson et al. [20] concluded that there are a number of
potential risks at all stages of the supply chain, such as environ-
mental damage, potential price increases, and supply of inferior
quality pellets. In describing the environmental impact of export
wood pellets from Canada to Europe, Magelli et al. [21] show that
improvements in the efficiency of pellet production and trans-
portation are equally important to reducing the environmental
impact associated with wood pellet production and export. Sik-
kema et al. [22] suggest that if pellets are produced elsewhere and
transported long distances by freight train, lorries, and/or cargo
ship, the environmental impact of the transportation will negate
some of the environmental gains, particularly in the case of very
long transport distances.

Russian wood pellets are mainly transported to European
consumers by sea [23]. The largest volume of wood pellets in
Northwest Russia passes through the ports of Vyborg, with
approximately 50% of total seaborne wood pellet exports, and St.
Petersburg and Ust-Luga, with 30% and 6% of the total seaborne
wood pellet exports, respectively. Arkhangelsk and other North-
west Russian ports have a 10% and 4% share, respectively [23].
Major ports in western Russia are presented in Fig. 3. Several
studies [6,19,24–26] have shown that infrastructure and logistical
management are crucial to efficient wood pellet transportation,
and therefore shipping costs.

The establishment of a both economically and logistically
attractive pellet supply chain is a crucial issue in the pellet trade
and current practices require improvement and development. In

Table 1
Global wood pellet trade in 2013, ktons, adapted from [9].

Exporter Importer Volume

Australia EU-27 31
Belarus EU-27 134
Bosnia and Herzegovina EU-27 187
Canada EU-27 2093
Canada Japan 50
Canada South Korea 50
Canada United States 30
Croatia EU-27 165
Egypt EU-27 16
EU-27 Switzerland 39
EU-27 Norway 18
Norway EU-27 60
Russia EU-27 642
Serbia EU-27 55
Southeast Asia(1) Japan 100
Southeast Asia(1) South Korea 100
Ukraine EU-27 159
United States EU-27 2828
Other EU-27 19

(1) Primarily China, Malaysia, Thailand, and Vietnam.
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Fig. 1. Global pellet demand in millions of tons, adapted from [10].
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other words, it is necessary to focus on comprehensive optimiza-
tion of the entire supply chain, from raw material acquisition and
granulating lines in the plant to the large boiler furnaces in
industrial installations or small boilers in private houses where the
pellets are fired [25,28].

Russia is unlikely to transition from a fossil fuel based exporter
to a biomass exporter. However, as a part of efforts to balance its
economy, Russia has a need to diversify its exports portfolio away
from too exclusive a focus on oil and gas. It should also be noted
that neighboring Nordic countries have committed themselves to
increasing the role of less carbon intensive primary energy sources
in their primary energy production, including wood pellets.
Although governments in some European countries may not wish
to import biomass, as it does not decrease their dependency on
imported energy [29], international trade in biomass for energy
production is growing and several countries expect to import
significant quantities of biomass also in the future (see their
respective renewable energy action plans [30] and research such
as [1,31,32,33]).

Biomass demand in the EU is expected to continue to increase
as a response to policy decisions, for example, the Renewable
Energy Directive [30]. In 2014, European Council [34] specified an
EU-wide domestic GHG reduction target of at least 40% below
1990 levels, an EU-wide target of at least 27% of renewables in
energy consumption, and an EU-wide indicative, non-binding
target of at least 27% energy efficiency by 2030, based on 2007
projections of future consumption [35]. Scarlat et al. [31] estimate
that EU domestic resources are likely to be able to provide enough
raw materials to reach national targets, if intra-EU feedstock
trading is included. Nevertheless, about one quarter of the EU’s
biomass demand in 2020 is expected to be satisfied through
imports from third countries [31]. According to the World Bioe-
nergy Association [5], in the coming years, Russia (with China)
could become a major supplier of pellets to European and Asian
markets.

There has been very little public discussion about Russian wood
pellet export and transportation, and limited work has been pre-
sented that focuses specifically on Russian pellet transportation
challenges. A general overview of bioenergy in Russia has been
provided by Pristupa and Mol [36]. Aleksandrova [37] presented
an analysis of the wood pellet market in Russia, in which the
characteristics of the Russian wood pellet market are described
and sales strategies for Russian producers suggested. Proskurina
et al. [16,38] consider the main suppliers by region and discuss the

European market and market restrictions in detail. It is noted that
new players on the Russian pellet market face restricted oppor-
tunities, such as a lack of guaranteed access to raw materials and
limited policy support [16]. Raslavičius et al. [39] consider the
biomass potential in Kaliningrad Oblast. However, the authors do
not discuss in detail the topic of pellet transportation, which has
an important role in Russian wood pellet exports. There is cur-
rently a heightened need for further research on this question.

The objective of this research is to present an overview of
Russian wood pellet sea logistics through the three most impor-
tant northwestern seaports: Ust-Luga, St. Petersburg, and Vyborg.
In addition, this research aims to map the conditions for future
development of wood pellet transportation by sea in the north-
west of Russia, focusing on the economic, environmental, and
regulatory perspectives. By describing the possible transportation
options at each transportation stage and EU regulations affecting
Russian wood supply chain optimization, the study tries to identify
related restrictions and discusses the potential future develop-
ment of wood pellet transportation through Northwest Russian
seaports. To our knowledge, this is the first study that reviews and
combines information about port facilities and throughput, and
logistical, economic, environmental conditions. Improved under-
standing of logistical inefficiencies will help in optimization of the
transportation chain.

Environmental aspects of wood pellet transportation, divided
according to stages in the logistics chain, are also observed. At
present, the most commonly discussed and studied environmental
sustainability aspects of bioenergy systems are greenhouse gas
balance and energy balance [40,41], including wood pellet sus-
tainability assessments; although current approaches to sustain-
ability assessment have been claimed to be insufficient by the
scientific community (see e.g [42] and [43]) and may lead to sub-
optimization of bioenergy systems. The paper focuses on the
sustainability of logistics of wood pellets from Russia to the EU
through Northwest Russian seaports. GHG balance and energy
balance are studied and the results are presented, divided
according to the stages of the supply chain, for cases where
applicable information was found. In addition, the paper considers
air pollutant emissions, which affect local air quality, especially
sulfur emissions, as well as effects on the state of the Baltic Sea
ecosystem and biodiversity.

The paper is structured in the following manner: Section 2
discusses wood pellet demand in Russia and current wood pellet
exports to Europe. Section 3 presents current wood pellet

Abbreviations

CO2 carbon dioxide
RBA Russian Biofuels Association
EU European Union
EU-27 Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech

Republic, Denmark, Finland, France, Germany, Greece,
Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg,
Malta, Netherlands, Poland, Portugal, Romania, Slova-
kia, Slovenia, Spain, Sweden, United Kingdom

FOB Free on Board
FSC Forest Stewardship Council
GHG Greenhouse gas
HELCOM The Baltic Marine Environment Protection

Commission
IEA International Energy Agency
NOx A generic term for mono-nitrogen oxides NO and NO2

(nitric oxide and nitrogen dioxide)

PEFC Program for the Endorsement of Forest Certification
SFI Sustainable Forestry Initiative
UK United Kingdom
VAT Value-added tax

Definitions

Biomass
Refers to the biodegradable fraction of products, waste
and residues from agricultural (including vegetal and
animal substances), forestry and related industries, as
well as the biodegradable fraction of industrial and
municipal waste.

Industrial pellets
Refers to pellets that are produced for industrial pur-
poses, such as heat and power production.

Wood pellet
Refers to pellets that are produced from wood.

S. Proskurina et al. / Renewable and Sustainable Energy Reviews 56 (2016) 38–5040



transportation through the seaports of Ust-Luga, St. Petersburg,
and Vyborg. Sections 4, 5, 6, and 7 present logistical, economic,
environmental, and regulatory conditions, respectively. Section 8
discusses the main challenges and considers future perspectives.
Section 9 concludes the paper.

2. Domestic demand and export for Russian wood pellets

Russian interest in pellet production was initiated by Western
European utilities, which were looking for new pellet supplies. The
first pellet production plants were set up at the beginning of 2001,
in the Leningrad area. Several small producers collected pellets
and delivered them by single ships to Europe. The domestic mar-
ket started to develop only several years after commissioning of
the first plants [16,27].

The Russian pellet industry is heavily dependent on exports.
Domestic consumption data given in different Russian documents
varies considerably and is often contradictory. Orlov [23] gives a
figure for 2011 domestic consumption of 150000 tons of pellets,
which is about 15% of total production. Other expert estimations
for 2011–2012 give about 10% local use of total production or even
less [44]. Lower-grade pellets are mainly used in domestic

markets, while wood pellets that satisfy quality standards (Section
7) are mostly exported.

The Russian government has official targets for stimulating
renewable energy. For instance, in 2012, the Russian government
adopted “The Comprehensive Program for Development of Bio-
technology in the Russian Federation through 2020” [45]. How-
ever, there are no specific targets for wood pellets, and little
interest from the Russian federal government in wood pellet
development [16,44], only local programs for stimulation of pellet
production in several regions. Thus, expectations for an increase in
domestic wood pellet consumption are low in the short- and long-
term perspective.

One significant economic challenge is disparity between the
price of domestic pellets and the domestic oil price, which cur-
rently makes wood pellet production for the domestic market
unviable [16,23]. A few large companies dominate wood pellet
production in Russia and account for almost all Russian wood
pellet exports. On the domestic market, the number of pellet
producers is expected to decline due to the exit of small market
players. In this business context, transportation becomes a crucial
aspect of the Russian wood pellet industry, both for existing wood
pellet production and from a long-term perspective.

Suppliers

End customers Pellet storage Pelletization

Size reduction

Cooling

Drying

PackagingDistribution to 
retailers

Bulk distribution

Raw material 
transportation

Raw material 
handling and storage 

Pellet production processes

Fig. 2. Schematic of the wood pellet supply chain, adapted from [19].

Fig. 3. Map of the main seaports in western Russia, adapted from [27].
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As noted earlier, the EU is the main consumer of Russian pellets.
The largest consumers of Russian pellets in the EU are Denmark and
Sweden, where pellets are used not only by power plants but also
by households and district heating plants. Despite significant
domestic production in these countries, they are dependent on
imports, predominantly from the Baltic region and Russia. Fig. 4
shows the top five main EU consumers of Russian pellets in 2014.
Other significant European consumers of Russian pellets were Lat-
via with 26000 tons, The Netherlands with 25000 tons, Estonia
with 12000 tons, Lithuania with 10000 tons, and UK and Hungary
with 7000 tons and 3000 tons, respectively. Several other EU
countries consume smaller volumes – less than 1000 tons of Rus-
sian pellets per year [46].

3. Current wood pellet transportation through selected
Northwest Russian seaports

3.1. Vyborg

The Port of Vyborg is located in the northeastern part of the
Finnish Gulf, 113 km from St. Petersburg, near the Finnish border
(Fig. 3). The port has a capacity of three million tons of bulk cargo
and is connected with Lake Saimaa and the Finnish inland
waterway system by the Saimaa Canal. Vyborg Port is equipped
with equipment for handling different types of cargo (port cranes,
loaders of different cargo capacity, etc.) and has a railway con-
nection [47].

Approximately 0.8 million tons of wood pellets were exported
from the Port of Vyborg to Europe in 2012 [48]. Most of the
exported volume belonged to “Vyborgskaya Cellulose” (recently
renamed “Vyborg Timber Corporation,” “VTC”) [48], which cur-
rently operates the biggest pellet production plant in Russia [49].
In addition to bulk deliveries of loose wood pellets, the port
handles deliveries in big bags, with shipments of about 2500–
5000 tons being supplied to Western European ports approxi-
mately three times per month [50].

3.2. St. Petersburg

Another major port for wood pellet transportation is the
“Seaport of St. Petersburg,” which is the largest port in the
northwest of Russia [51]. In 2013 the “Seaport of Saint Petersburg”
handled over 7.8 million tons of cargo [52].

Currently, the St. Petersburg port has a stable structure for
wood pellet transportation. In the port of St. Petersburg, there are
3–4 suppliers/companies that organize Russian pellet vessel
shipments to large industrial consumers in Western Europe. The
most prominent is “Russian Biofuels Association” (“RBA”), which
operates as an independent trader in the biofuel market. Another
is a consortium consisting of several of the largest and most
experienced pellet manufacturers operating joint export sales
under long-term contracts. Companies actively involved in this

consortium include companies such as “Rospolitehles” (Ust-
Izhora) and “Vologdabioexport” (Great Ustyug). Since 2006 the
Seaport of St. Petersburg also handles pellets acquired by several
large foreign traders and energy companies [53].

Karamysheva et. al. [54], based on interviews with stakeholders
in 2012–2013, concluded that the infrastructure of the “Seaport of
Saint Petersburg” is not sufficiently well developed to provide
customers with the expected level of services. For comparison,
Finnish ports currently provide better services than Russian ports,
according to interviews.

3.3. Ust-Luga, Leningrad oblast

The Port of Ust-Luga is a commercial seaport in the Northwest
Federal District of Russia, Leningrad Region, approximately 100 km
from St. Petersburg (Fig. 3). The first stage of a multi-cargo com-
plex, “Yug-2” [55], was opened in 2008. The terminal capacity is
1 million tons per year, with a channel length of 4 km and complex
length of 315 m. The terminal has a separate railway line of 2.5 km
to the railway station at Luzhskya. Ust-Luga owns a shunting yard
and operates an outdoor storage area of 8 hectares. The period in
which the port operates under ice restrictions is shorter than at
other Russian ports.

Currently, the port has a project for road reconstruction. The
development of the Port of Ust-Luga is part of a Russian federal
program [56] aimed at improving the Russian transportation sys-
tem, and major investments are ongoing. The project for improved
pellet handling includes two stages. The first is construction by the
middle of 2014 of a covered warehouse area of 1500 m2, with a
planned turnover of 60000 tons of wood pellets per year and lump
capacity of 6000 tons of pellets. The second stage is construction
by 2015 of a second warehouse to increase transshipment to
0.2 million tons of pellets per year and to enable goods to be
received in bulk [57].

4. Logistical conditions

Mobini et al. [19] present a simulation model for the design and
analysis of wood pellet supply chains (Fig. 2) that can be used as a
decision support tool to evaluate modifications in existing supply
chains and to design new chains. This study utilizes the study by
Mobini et al. [19] and focuses on the concrete case of Russianwood
pellet transportation to European ports through selected seaports,
addressing each part of the supply chain.

In order to study wood pellet transportation through the ports of
St. Petersburg, Vyborg, and Ust-Luga, a simple example case of a
biofuel plant located in Northwest Russia was taken. The plant plans
to carry out a shipment of pellets to consumers by sea through the St.
Petersburg port. A basic view of the supply chain is presented in Fig. 5.

Each of the stages in the transportation of wood pellets
requires careful organization. The three ports studied have differ-
ences in transportation volumes; however, the basic principles of
wood pellet transportation seem similar and are applicable other
ports in Russia. This Section presents an analysis of each stage of
pellet transportation for the "Seaport of St. Petersburg". Based on
that example, this study also investigates features of the ports of
Vyborg and Ust-Luga. Improved knowledge of the stages of the
wood pellet transportation chain will aid in identification of
inefficiencies, thus enabling optimization actions to be taken.

4.1. Delivery options for pellets from plant to seaport

Most Russian pellet production plants are located near sawmills
and far from seaports. Depending on the location of the wood pellet
production, delivery of pellets from the production plant to the

2014
Denmark 380000
Sweden 218000
Italy 57000
Finland 47000
Germany 40000

Latvia 26000
The Netherlands 25000
Estonia 12000
Lithuania 10000
UK 7000
Hungary 3000
Total to EU 825000Denmark Sweden Italy Finland Germany

380000 

218000 

57000 47000 40000 

Fig. 4. Top 5 EU consumers of Russian pellets in 2014, tons, after [46].
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seaport can be very expensive and make the overall logistics chain
expensive and uncompetitive. For long distances, land transportation
can be very problematic. Currently, special delivery vehicles for wood
pellet transportation (dedicated trucks and railway cars) do not exist
in Russia. Additionally, several producers of wood pellets do not have
direct railroad access, leading to additional loading and unloading.
Table 2 presents delivery options for pellets from the case plant to the
Seaport of St. Petersburg.

“VTC” is located near the OAO “Vyborg Cellulose” sawmill and
Vyborg port. “VTC” has its own port infrastructure [51] and “VTC”
contributes significantly to the turnover of wood pellets in Vyborg
port. Smaller producers wishing to supply wood pellets through
the Port of Vyborg sometimes face considerable waiting times at
the harbor. This small port has a low load, thus making it seem
attractive to small pellet producers with 2500–5000 tons of wood
pellets. However, the loads of relatively small amounts of wood
pellets need to be supplied at a time when suitable sea transpor-
tation is available. Currently, traders buy pellets from producers
and store them in the port before transportation to European
ports. Thus, shipment in big bags by road and by rail seems a
better option for this case.

Truck logistics is an important environmental aspect to be
considered, e.g., whether return trips from the seaport toward the
pellet plants are done by loaded or empty trucks and for what
transportation the trucks could be utilized during the return trip.
However, greenhouse gas (GHG) emissions are reduced for empty
return trips in comparison to loaded trucks. Jonker et al. have
assumed (based on Hamelinck et al. [24]) a 60% GHG emission
reduction for a 100-km distance for 16–32 ton empty versus loa-
ded trucks [58]. Another question is to what product chain the
emissions from return trips by loaded trucks would be allocated.

4.2. Cargo handling options in the seaport

Concerning cargo handling at the Seaport of St. Petersburg,
there are restrictions and not all possible options (Table 3) are

suitable. Specialized wood pellet hoppers, which are wood pellet
fabric bins typically equipped with a pellet feed hole and an air
valve (�200 mm) and manhole, do not exist in Russian ports.
Furthermore, in the development program of the infrastructure for
wood pellets of Ust-Luga port (Section 3.3) [59], for example,
hopper conveyors are not planned, as they are not considered
economically beneficial.

At the St. Petersburg port, big bags and bulk shipments in the
holds of ships are possible cargo handling options. Such cargo
handling includes procedures associated with the accumulation of
wood pellets from different suppliers, as well as acceptance and
quality control of biofuels, the sale of such "teams" parties under
long-term contracts, etc. For the port of St. Petersburg, pellet
handling in big bags or in retail packages (�15 kg) appears to be a
better option than pellets delivered in bulk by rail hopper wagons,
due to competition with other cargos.

Sometimes the cargo handling in the seaport requires more
time than expected, as can be seen from the example of a large
wood pellet transpors handled at Ust-Luga at the end of 2010.
Novo Yeniseisk LHK [60], a biofuel producer from the Krasnoyarsk
region, supplied a vessel transporting wood pellets to Denmark.
According to company information, the ship arrived in Russia
before the Russian New Year, (on December 31, 2010) and on
January 2, 2011, it began loading of pellets in the port of Ust-Luga,
at the timber terminal "Factor". Loading of pellets was not com-
pleted until January 13, 2011. The long duration of wood pellet
handling was explained by adverse weather conditions with fre-
quent rain, snow, and freezing rain [61]. Another possible reason
could be a lack of manpower because of the holiday period.

Prospects for wood pellet shipping at the Ust-Luga port seem
promising. A specialized terminal for wood pellet handling was
opened in September 2014, the only such facility in Russia [61].
This could improve the speed of cargo handling and be beneficial
to the logistics chain. Selkimäki et al. [62] suggest that pellets tend
to disintegrate during long-distance transport, loading, and
unloading. The amount of fines can increase and pellet quality can

Stage1: Delivery from plant 
to the origin seaport

Stage 3: Cargo handling of 
wood pellets in the 

destination port

Stage 2: Cargo handling in 
seaport

Utilization in boiler 
station / CHP

Transportation to 
the end user 

Sea 
transportation

Transportation from 
mill to seaport

Pellet production  

Wood pellet transportation through seaports

Fig. 5. Stages of wood pellet transportation by sea, after [28].

Table 2
Delivery options for pellets from the case plant to the Seaport of St. Petersburg (Stage 1), adapted from [28].

Option Features and costs Requirements

Shipment in big bags by road Cost of big bags shipment – approx. $10 (�8 euros) per ton of pellets, cost
of transportation for 20–25 tons of pellets per trip.

Additional investment is not required; loading can
be organized by conventional truck.

Shipment in big bags by rail Cost of big bag shipment – approx. $10 (�8 euros) per ton of pellets,
railway tariff.

Driveways (sidings) are required.

Shipment in bulk by rail (Hopper-grain) Railway tariff – due to more efficient use of hopper space, it can be
cheaper than using covered wagons and big bags.

Driveways, access to rolling stock, and equipment
for loading wagons through top hatches are
required.

Packing pellets in bags of 10–20 kg in
the plant and retail shipping
packaging

Cost of packing, cost of transportation for 20–25 tons of pellets per trip;
additional costs can be offset by higher sales prices for pellets that are
packed in accordance with consumer needs.

Packing equipment, autoloader.

Shipment in bulk by road is not organized in Russia, so it is not taken into consideration
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decrease. One important quality aspect is that a part of the dry
matter of wood pellets is lost during handling in export ports and
shipment [58], which decreases the heating value. Jonker et al.
[58] have assumed total dry matter loss of wood pellets as 7% for
the whole supply chain from forest to power plant. The extent of
the loss, however, depends on the specific supply chain.

4.3. Receipt of wood pellets at the destination port

Receipt of wood pellets (Table 4) at Western European desti-
nation ports seems more efficient than in Russian ports. Hoefna-
gels et al. [63] and Hansson et al. [64] suggest that large (coal)
power plants are often located close to sea terminals or inland
waterways, for efficient fuel supply and cooling purposes, and such
installations can handle wood pellets in bulk. Several large power
plants in Western Europe have their own loading capacities for
receiving bulk fuel. For example, the biggest consumer of wood
pellets in Denmark, “Energi E2,” has its own terminal, which is
located next to its power plant. Pellets from this terminal go
directly to the furnace of the power plant [28].

European ports can receive Russian wood pellets in large
volumes. However, infrastructure restrictions in Russian ports
mean that Russian pellet suppliers cannot benefit from the large
volume capacity. Imports from Russia generally arrive using short
sea shipping with about 4000–5000 ton loads. For comparison,

shipments from the USA are delivered in Panamax ocean vessels
with 60000–80000 ton maximum loads [23].

5. Economic conditions

Lamers et al. [65] suggest that economic viability is a key
constraint for the international solid biofuel trade. For wood pel-
lets, production and transport costs and exchange rates are crucial.
The cost structure of wood pellets starts from feedstock cost and
ends with delivery price to buyers/traders as presented in Fig. 6.
Costs related with the feedstock and pellet production are outside
the scope of this study. However, since their share of total wood
pellet cost is significant, they need to be considered by pellet
producers [66].

The market for pellets is still in the formative stage and actively
developing. The Russian domestic price for pellets has increased
slightly from year to year, mainly because of increased demand on
the world market [67]. The majority of pellets are shipped under
long-term contracts, which thus far have been more expensive
than short-term contracts because buyers pay a premium for
supply security. Freight costs from Russia were between €20/ton
and €25/ton in 2009. Free on Board (FOB) prices for wood pellets
from Russia ranged from €105/ton to €119/ton [68].

Table 3
Cargo handling options in the Seaport of St. Petersburg (Stage 2), adapted from [28].

Option Features and costs Requirements

Pellet handling in big bags or in retail
packages

Handling is easier and cheaper than for other options. Approx-
imate cost of handling in the port of St. Petersburg:
$10 (�8.5 euros) per gross ton. This is the most economical
option if the buyer is willing to take the pellets in big bags in a
large quantity. There could be costs related to long-term storage
of the ship's pellets in the port area before sea transportation.

Special conditions are not required. Could be organized
by any stevedoring company.

Handling of pellets shipped from the plant
in big bags, unpacking of big bags into
the holds of dry bulk vessels

Handling requires great effort and takes a lot of time. Approx-
imate cost of handling in the port of St. Petersburg:
$14 (�11 euros) per gross ton. During handling big bags are
destroyed and recycled. During pellet delivery by vehicles, costs
accumulate related to storage of the ship's pellets in the port
area.

Special conditions are not required. Could be organized
by most stevedoring companies of the port.

Handling of pellets delivered from the
plant by bulk by rail in hopper wagons

With a floating crane: Use of a floating crane is currently the
most economical method of pellet handling in the port. In case
of a properly structured scheme, costs of handling in the port of
St. Petersburg could be approximately $10 (�8 euros) per ton.
Additional economic savings are achieved by eliminating the big
bags.

Heavy-duty crane equipment and sidings on the dock are
required.

Through a dedicated terminal: Potentially the most effective and
economical option. Using existing bulk terminals is difficult for
several reasons, the main one being their use by other export
cargo.

A dedicated terminal requires space in the port with a
quay wall and specialized terminal equipment, including
at a minimum: a device for bottom unloading of hoppers,
automated warehousing, conveyors for fast loading of
pellets into the holds of the vessel.

Table 4
Receipt of wood pellets at the destination port St. Petersburg (Stage 3), adapted from [28].

Option Features and costs Requirements

Receipt of pellets in bulk The most popular option, providing the recipient the lowest cost and
maximum flexibility. Traders receive pellets in bulk, unload it at their
warehouses, where wood pellets are sorted, if necessary, packed in big
bags or retail packaging, and are forwarded to final consumers or retailers.

Specialized equipment for unloading is required. Such equip-
ment is widely available at European ports.

Receipt of pellets in big
bags

Unloading is carried out as for other cargo. As a rule, big bags are unpacked
after unloading and go to recycling, which also leads to additional costs.
Unloading operations are relatively time-consuming and take a long time
for large volumes of pellets. After unpacking of big bags, the pellets are
treated in the same manner as bulk pellets.

No special requirements.

Receipt of pellets in
retail packages

Unloading is carried out as for other cargo. After unloading, the consign-
ment is split and delivered to retailers or consumers. It is a potentially
attractive option but makes sense only when targeting the retail market.

With Russia pellets, this option is normally used for pre-orders of
pellet production and packaging in accordance with given
specifications.
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The transportation costs of wood pellets vary depending on the
companies involved, destination, point of origin, and contract
terms, etc. The cost of pellet transshipment is different in different
ports. For example, in Ust-Luga (December 2009) the transporta-
tion cost was €9/ton, whereas at the St. Petersburg port a com-
parable operation was about €12–13/ton. The retail price of
Russian pellets in Western Europe was within a price range of
€210–390/ton (including VAT) in 2009 [69]. Describing wood
pellet FOB prices at different harbors, Lamers et al. [70] suggest
that the average price per supply, as published between May and
November 2012, was €123/ton for St. Petersburg and Vyborg
harbors.

The maximum prices for wood pellet shipments FOB-St.
Petersburg has been investigated [49,71]. In summer 2012, “VTC”
sold wood pellets to European consumers for a maximum price of
€116/ton on terms of FOB-Saint Petersburg. Other major manu-
facturers of pellets produced and delivered pellets on FOB at lower
prices in 2012 [49]. In 2013, the price for American buyers reached
a maximum of US $ 1850/ton (�€ 1381/ton). Wood pellets were
sold to a Swedish trader and Danish energy company for €300/ton.
The study did not give a reason for the vast price difference, and
possible mistakes in the documentation cannot be excluded [72].

In Europe, USA and Canada, wood pellet market price infor-
mation is collected and published by companies such as Argust
(CIF Ara) and Foex (Pellet Nordic CIF), and by research [22]. At the
moment of writing, one such collection exists in Russia, an index
made by IAA “INFOBIO,” based on European index models. The
index describes prices of sea shipments from several ports of the
Russian Federation calculated from weighted average prices. Data
for pellets sold on the terms of FOB-St. Petersburg and FOB-Vyborg
are given in Fig. 7 [73].

6. Environmental conditions

Magelli et al. [21] found that greenhouse gas (GHG) and air
pollutant emissions from long-distance ocean transportation of
wood pellets account for the major share of total emissions in the
supply chain. Both Magelli et al. [21] and Cocchi et al. [74] evaluate
non-renewable GHG emissions from wood pellet logistics by ship
(including necessary truck and railway transportations) as being
significant. Jonker et al. [58] have calculated the carbon balance in
their analysis of the wood pellet supply chain from Southeastern
USA to Europe. The GHG emissions are supply-chain-specific,
depending on the production and transportation volume. In their
analysis, Jonker et al. [58] found that GHG emissions for ocean

transport are 92.4 g of carbon dioxide (CO2) equivalents per ton of
wood pellets, with the shipment distance being 7200 km. In the
supply chain studied, only the pelletizing process produced more
GHG emissions (160.5 gCO2eq/ton) than the shipment [58].
McBride et al. [75] further warn that trucking and shipments of
pellets consume large amounts of fossil fuels, which decreases the
environmental benefits gained from renewable energy production
from wood pellets.

Sikkema et al. [76] and Hansson et al. [77] suggest that there is
a potential for GHG reduction from wood pellet value chains.
Magelli et al. [21] recommend shorter ocean transportation dis-
tances for wood pellets to improve the energy balance (the ratio of
energy gained from the use of wood pellets for energy production
in comparison to energy consumption of the supply chain) of the
wood pellet supply chain. In contrast, Ryckmans and André [70]
found that wood pellet supply chains where pellets are trans-
ported to end-customers at a long distance from the pellet plant
are not necessarily less energy efficient or more carbon intensive
per MWh primary energy produced than centralized pellet supply
chains. In their study, wood pellet imports from Russia (through
an undefined seaport) to two Belgian power plants were, however,
at the more energy- and carbon-intensive end compared to
imports from European countries and Canada.

Pellets imported to Sweden from Latvia, Russia, and Canada
that use biomass in the drying process, e.g. biomass-based elec-
tricity, may reach relatively low levels of total GHG emissions
compared to other wood pellet chains [77]. Thus, depending on
the specific production method of the wood pellets, and in view of
the shorter shipping distances from Russia, Russian wood pellets
have the possibility to remain attractive, from an environmental
viewpoint, in comparison to those shipped from North America.
The demand for Russian wood pellets may depend on the level of
customer awareness of supply chain sustainability aspects, such as
impact on global warming and health, and on Russian importers’
ability to produce pellets with low GHG emissions, for example.

Directive 2012/33/EU [78] on the sulfur content of marine fuels
entered into force at the beginning of 2015 and sets maximum
sulfur content and emissions for marine transportation in the EU.
In practice, this means that the marine vessels will have to either
switch to fuel with lower sulfur content, or start cleansing their
emissions, for example, by introducing sulfuric oxide scrubbers.
These restrictions have required investments in sulfur reduction
technologies, which may affect the attractiveness of sea trans-
portation of wood pellets in comparison to transportation by truck
or train. These directive requirements for marine fuels are valid for
all ships entering EU ports or plying the waters of the EU; thus,
Russia should fulfill these requirements in case of transportation of
any product to European ports. Directive 2012/33/EU [78] threa-
tens to raise the cost of shipping in the Baltic Sea. Ship freight costs
are expected to rise significantly and, as a result, the price of wood
pellet transportation through the Northwest Russian seaports may
increase.

The location of the St. Petersburg port on the Baltic Sea shore is
a special challenge for wood pellet shipping due to stresses
already placed on the ecosystem and biodiversity. The Baltic
Marine Environment Protection Commission (HELCOM) [79] is
actively developing environmental policy objectives to protect the
sea. According to the draft roadmap on sustainable Baltic Sea
shipping published by HELCOM in 2014 [80], marine transporta-
tion should, e.g., study opportunities to utilize alternative fuels

Feedstock cost (50%)
Transportation cost

Delivery to port
(10%)

Production cost (40%) Delivery price to 
buyers/traders 

Fig. 6. Basic wood pellet cost structure, adapted from [66].

Fig. 7. Price index for industrial wood pellets, €/ton, 2013, adapted from [73].
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(e.g., biofuels) and actively develop and apply technologies for air
emission reduction (e.g., GHG and NOx).

7. Regulatory conditions

Quality standards provide customers with guarantees about
minimum product quality and help to ensure product functionality
and compatibility, which facilitate interoperability and support
consumer safety and public health certification [81]. García-
Maraver et al. [82] present a comparison of different pellet stan-
dards currently existing in European countries, such as Austria,
Sweden, Germany, Italy, and France. The pellet quality parameters
that appear most frequently in standards and recommendations of
different countries are pellet size, moisture content, heating value
and ash content.

The DINplus and ENplus pellet certifications are two popular
pellet quality certification standards accepted by regional pellet
producers and pellet consumers (Table 5) [83]. ENplus has two
quality classes, which are designated A1 and A2. Class A1 refers to
premium quality and A1 pellets are used in private household
boilers or stoves. A1 pellets produce the least amount of ash and
fulfill higher requirements than Class A2, which is used in larger
installations [84]. DINplus is a German standard for pellets and
briquettes. DINplus is currently the most important quality certi-
fication for wood pellets worldwide [81].

Currently, there is no national standard for wood pellet quality
in Russia. Russian producers are mainly oriented toward DINplus.
Trade sources report that the EU currently does not require cer-
tification for Russian wood pellets as long as the product is man-
ufactured in compliance with DINplus [85]. Unexpected delays in
cargo handling in the seaport, as described in Section 4.2, can lead
to undesirable degradation of pellet quality. For example, if wood
pellets are subject to excess moisture, this might be harmful
because it may cause break-up of the pellets [86].

Sustainability standards and certification systems that are
applicable to wood pellets and linked with existing legislation [74]
are being developed at both the international and national level.
Russian exporters need to respond to customer inquiries regarding
certificates and compliance with standards. The upcoming inter-
national ISO 13065 standard sustainability criteria for bioenergy
[87], which overarches the entire supply chain of wood pellets, is
of special interest to Russian wood pellet exporters.

Several certification systems concentrate on the wood material
acquisition stage of the wood pellet supply chain, including, for
example, the widely recognized Sustainable Forestry Initiative
(SFI), Forest Stewardship Council (FSC) certification, which is
recognized in the USA and has a solid reputation in Europe, and
the Program for the Endorsement of Forest Certification (PEFC).

Currently, there is no certification of wood pellet sustainability in
Russia according to Western certification systems, for example, the
FSC. Unreliable data about the quality of the products and a lack of
production certification decrease Russian pellet competitiveness
on world pellet markets [16]. Certification systems include the
requirement of compliance with national legislation and Russian
pellet exporters, by participating in certification systems, could
show commitment to sustainability that exceeds the minimum
level set by legislative sustainability criteria [88] with positive
effects on the attractiveness of Russian wood pellets.

Cocchi et al. [74] show that wood pellet sustainability standards
and certification systems provide benefits such as reduced risk,
which means lower prices in practice. Qian and McDow [66]
instead predict that forest management and consequently pellet
feedstock costs could increase due to certification requirements.

Specific legislation concerning pellets as a product does not
exist in the EU [89]. The EU has stated political interest in creating
EU-wide binding sustainability criteria for solid and gaseous bio-
masses for energy use [90]. However, a draft proposal for a
directive on sustainability criteria for solid and gaseous biomass
used in electricity and/or heating and cooling and biomethane
injected into the natural gas network prepared by the EU Com-
mission was dropped in 2013 due to opposition [91]. Gamborg
et al. [90] predict that if binding sustainability criteria for solid
biomass based fuels are adopted in the EU, they are likely to be
similar to the criteria given in directive 2009/28/EC [92] on the
promotion of energy from renewable energy sources (RES) for
liquid and gaseous transportation biofuels and bioliquids for other
energy use than transport. Russian wood pellet exporters need to
be aware of this development.

To minimize barriers to trade arising from different national
sustainability criteria for solid biomass fuels, the EU Commission
gave non-binding recommendations to EU Member States for
national criteria in 2010 [93]. So far, the UK, Belgium, and Italy
have introduced national solid biomass sustainability criteria [94],
and the Netherlands and Spain have initiatives toward developing
national criteria [74]. Thus, in the absence of EU-wide legislation,
Russian wood pellet exporters need to follow the development of
binding sustainability criteria at the national level.

8. Discussion

Transportation and logistically related decisions should be
based on an analysis of each specific situation, with detailed study
of the investment and production capacities of the individual
companies involved. For instance, in one case packing pellets to be
shipped in paper bags in Russia may be cost-effective, and in
another case implementation of paper bag packaging in Russia
may be very difficult and expensive. It is clear that handling of big
bags will be one of the more economical options in Russian ports.
The use of big bags is typically cheaper for the customer but not so
economical for the Russian supplier [28].

The various combinations of options should be considered for
each main stage of wood pellet transportation and their costs
assessed, taking into account direct transport costs and logistical
limitations, as well as any necessary investments in equipment
and infrastructure. Regulation through legislation and standards
may impose additional limitations and cause further necessary
investments.

8.1. Challenges

The export of Russian wood pellets to Europe can be considered
as relatively well developed, although systemic problems with
transportation have not been resolved and these continue to

Table 5
Comparison of parameters for DIN and EN-plus pellets, adapted from [83].

Parameter Unit DINplus ENplus-A1 ENplus-A2

Diameter mm 4–10 6–8 6–8
Length – o5�D 3.15rLr40 3.15rLr40
Bulk density kg/dm³ 4 1.12 – –

kg/m³ – Z600 Z600
Heat value MJ/kg 4 18 Z16.5 Z16.3
Moisture content % 10 r10 r10
Abrasion % o2.3 no no
Fine material(o3.15 mm) no no r1 r1
Ash content % o0.5 r0.7 r1.5
Chlorine content % o0.02 r0.02 r0.03
Sulfur content % o0.04 r0.05 r0.05
Nitrogen content % o0.3 r0.03 r0.05
Heavy metals % regulated regulated regulated
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hamper more intensive development of industrial production and
supply. This study has noted that wood pellet logistics through
Russian ports face many constraints. For example, wood pellet
loading onto the vessel can often be slow, creating additional
expenses, and not all options in the logistics chain are suitable for
Russian ports. The absence of port infrastructure for the collection,
storage, dust removal and loading of pellets for bulk shipment by
large-capacity transport is a serious problem. Large-capacity
trucks could give a competitive advantage to Russian producers
exporting wood pellets to Europe. However, the use of large-
capacity trucks requires suitable port and other infrastructure,
such as good roads. For efficient operation, Russian ports require
substantial investment to improve current infrastructure.

In addition to the absence of a good logistics infrastructure,
other factors hindering development of Russian wood pellet
exports include unreliable quality data about the product, a lack of
domestic demand (reducing motivation to invest in pellet pro-
duction plants and exposing producers to currency fluctuations
and political risks), weak price formation, and a lack of specific
legislation regarding energy production from wood fuel. Devel-
opment of the EU market area with regard to legislation and
standards concerning energy production from biomass increases
the need for Russian pellet suppliers to establish a sustainable
supply chain for wood pellet transportation through the North-
west Russian seaports.

Russian exporters need to be aware of both national and EU-
level developments in sustainability criteria for solid biomass-
based fuels. Early preparation for changes in legislation in target
markets may help Russian exporters to avoid additional and
unexpected costs. Thus far, legislation, standards and certification
systems do not seem to set direct requirements on the logistics life
cycle stages and tend to concentrate on pellet production. How-
ever, logistics contributes to the total sustainability of the pellet
production chain. Requirements that would be especially relevant
from the storage and transportation perspective relate to green-
house gas emissions throughout the entire life cycle of the pellets
and ensuring full traceability of the origin of the pellet raw
materials, as in 2009/28/EC, through uninterrupted and transpar-
ent information exchange in the whole supply chain. Thus,
recording the origin of each pellet consignment [66] and ensuring
continuous communication of this information during storage and
transportation would be necessary.

As was mentioned in Section 2, the Russian wood pellet
industry is export-oriented, which implies that the industry
depends on foreign consumers, mainly the EU. Thus, if EU demand
for wood pellets declines or the EU can satisfy demand from its
own wood pellet production and/or wood pellets from North
America and other regions offer a better price on the markets,
Russian wood pellets will suffer due to the lack of a domestic
market. Industries that are export-oriented face risks from weak
demand from foreign consumers, as can be seen with the price of
fossil fuels in 2015. The Russian economy depends significantly on
the export of oil and natural gas, and if the price goes down it
negatively impacts the economy of the country. It is clear that if
domestic Russian wood pellet demand starts to grow, for example,
due to replacement in power plants of coal and natural gas by
wood pellets, it will have a positive impact on Russian wood pellet
industry development.

8.2. Development of wood pellet transportation through selected
seaports

Significant growth in wood pellet transportation through the
three ports studied is not guaranteed, although the prospects of
Ust-Luga port seem quite promising. Successful realization of the
Ust-Luga development plan could significantly increase the wood

pellet turnover of the port. One of the competitive advantages of
Ust-Luga port is the relatively long distance from settlements and
the absence of severe restrictions on the expansion of the port and
related infrastructure. A factor negatively affecting the prospects of
Ust-Luga is that transport by large vessels is not possible in the
Ust-Luga port. The depth of the river is 6–8 m, so the port is only
suitable for ships with a capacity of 800 to 4 million tons. St.
Petersburg port, which is able to handle large vessels, is focusing
more on other products, and thus large pellet shipments, as found
from Canada and the USA, are difficult to foresee.

The Port of Vyborg might not be able to increase the volume of
wood pellet transportation due to the lack of growth in exports by
“Vyborg Timber Corporation,” which is not operating stably. In the
current economic situation, an increase in wood pellet supply
through the Vyborg port by other producers is not foreseeable.
Thus, the turnover of wood pellets in the port could be unchanged
or even decline.

This study has noted that prices for wood pellets in Russia are
not stable, with different ports and wood pellet producers offering
very different prices. There are many reasons for the price differ-
entials, including changes in the oil, gas and coal markets. How-
ever, wood pellet prices are generally increasing and could con-
tinue to do so, at least in the short and medium term.

Improving the logistics chain could solve many problems and
also decrease the price of transportation by sea. For instance, if
special pellet terminals existed in Russian ports, it could reduce
the time of handling, which can give cost benefits. Due to the lack
of such specialized terminals, flexible bulk containers, such as MK-
14-10 with a capacity of 9 tons of pellets are used, which are very
expensive. Costly maintenance and transportation mean that reuse
of empty containers gives only small savings [28].

9. Conclusions and recommendations

The majority of Russian wood pellet producers exist to serve
demand from Europe. Thus, improvement in the logistics of Rus-
sian wood pellets can play a major role in the future of the Russian
wood pellet industry. In describing the transportation of Russian
wood pellets, including economic, environmental and regulatory
perspectives, this study has shown that Russian wood pellet
exports may have difficulties in fulfilling expectations due to a
number of challenges in transportation. Weak seaport infra-
structure is one of the bottlenecks in wood pellet exports. Without
significant improvements in port infrastructure, the Russian wood
pellet industry might disappear from the global wood pellet
market. However, the implementation of such changes is uncer-
tain in the current Russian political and economic circumstances.
In addition, the political situation in Russia, including the ongoing
conflict in Ukraine [95] and the impact of sanctions on the EU-
Russia relationship, make predictions regarding the future devel-
opment of wood pellet transportation through Northwest Russian
seaports uncertain.

The results of this study indicate that the Russian wood pellet
industry needs to prepare for the possibility of adoption of sus-
tainability criteria for wood pellets from European customers.
Utilization of existing international certification systems applic-
able to the pellet production chain could be beneficial, as well as
early compliance with future standards and legislative require-
ments, which would ensure continuance of business in the Eur-
opean market area and competitiveness against other major pellet
exporters, such as the USA and Canada. Russian wood pellet pro-
ducers aiming at the EU market need to take under their control
both the supply chain of raw material and the transportation stage
to ensure fully traceable pellets with consistent quality.
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It is time for Russia to develop its port infrastructure and fulfill
all the necessary criteria to compete with its competitors. Com-
petition and subsidy policies in European countries such as
Sweden and Denmark, and potential changes in EU sustainability
policies and legislation threaten the competitiveness of Russian
wood pellets on the global wood pellet market. Additionally, the
eastern region of Canada, which is very convenient for shipping
pellets across the Atlantic ocean to the EU, has been active in
recent years in development of pellet production, procurement,
and logistics [96]. In contrast, sustainability criteria pose a
potential challenge for producers from the USA because pellets in
the USA are mostly sourced from private forest owners who are
not involved in any certification program [97]. This fragmentation
of supply may impact potential European buyers, as many buyers
are required to purchase certified pellets. Clearly, such challenges
may prove to be an opportunity for Russian pellet producers, but
the question is whether Russian pellet producers themselves are
capable of keeping pace with the challenges that lie ahead.

The prerequisite for planning either short-term or long-term
sustainable business efforts in a certain market area is compliance
with all applicable local laws. Russian wood pellet exporters’
awareness of the development of EU legislation and ability to take
necessary actions in good time are important prerequisites of
continuity, i.e. sustainability of the business. Furthermore, the EU
has taken regulatory initiatives to establish sustainability criteria
for different biofuels and, thus, sustainability thinking has become
integrated into legislation. Requirements from customers or other
stakeholder groups concerning, for example, the quality and
composition of wood pellets, as well as environmental, social and
economic sustainability aspects, are often as compelling to the
producer as legislative sustainability criteria. Standards and certi-
fication systems could be a tool for Russian wood pellet exporters
to demonstrate compliance with customer requirements.

Globally, the environmental impacts of GHG emissions and
energy consumption are well recognized and European customers
are likely to require such information from Russian wood pellet
producers. Emissions of air pollutants from wood pellet transpor-
tation are discussed in research literature. Furthermore, local
sensitivities related to sulfur emissions from the use of marine
fuels and protection initiatives for the Baltic Sea characterize the
environmental requirements of the European market area. In the
long term, Russian wood pellet exporters should expect an
increase rather than a decrease in environmental regulations for
operations in the EU.

In addition to environmental sustainability, socio-economic
sustainability is equally important for the overall sustainability
of wood pellet production and trade. From a long-term perspec-
tive, infrastructure development of ports implies job creation,
which contributes to local and nationwide socio-economic pros-
perity. The job creation is, however, not only a matter of number of
jobs created, the quality of the jobs also needs to be taken into
consideration, for example, safe and healthy working conditions.
Furthermore, at a larger scale, the quality of the surrounding
environment of the pellet transportation operations needs atten-
tion: safe and healthy living conditions for local residents need to
be maintained to ensure public acceptance. For example, traffic
safety cannot be compromised due to increasing pellet loads.

The EU is the world’s largest consumer of pellets, with stable
growth in wood pellets consumption. However, if Russia does not
address the problems mentioned in this paper, export of Russian
wood pellets to the EU may be expected to remain constant or
even decline. This study suggests that the main challenges are
related to a lack of domestic consumption and issues concerning
transportation by sea. From a long-term perspective, without
major changes there is a possibility that Russian wood pellets may
cease to be an important player on global markets.

The purpose of the current study was to present a general over-
view of transportation of wood pellets through Russian seaports,
showing the logistical, economic, environmental, and regulatory
conditions and considering future perspectives. The study is of value
in that it provides a foundation for the creation of possible recom-
mendations for improvements to wood pellet transportation infra-
structure, as well as for meeting sustainability regulations. This
research extends our knowledge of seaborne wood pellet transpor-
tation and can be of interest not only to future research, but also to
wood pellet producers, exporters, and traders within and outside of
Russia. This study covers Northwest Russian seaports; however, the
logistical, economic, environmental, and regulatory conditions pre-
sented may be applicable to assessment of other ports, as well as road
and rail transportation of other solid biofuels.

This research has raised many questions in need of further
investigation. The model discussed can serve as a starting point for
further development and wider analysis. More research is required
to enable more complex analysis that takes into account factors
such as price ratios in different market segments, the choice
between export and domestic markets, and the ability to guar-
antee a certain level of pellet quality. This study can be a starting
point for further discussion of possible improvement of Russian
wood pellet transportation.

The social sustainability aspects of wood pellet transportation
were outside the scope of the study. However, the importance of
social sustainability cannot be denied. For example, ISO 13065 will
probably raise the importance of sustainability issues in bioenergy
supply chains and the bioenergy business. Sustainable forest
management initiatives and sustainability requirements concern-
ing biofuel raw material acquisition may be a further interesting
future research area.
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a  b  s  t  r  a  c  t

This paper  addresses  the  interface  of steering,  research,  and  business  operators’  perspectives  to  bioen-
ergy sustainability.  Although  bioenergy  business  operators  are essential  for sustainable  development
of  bioenergy  systems  through  implementation  of  sustainability  criteria,  their  perspective  to sustaina-
bility  is  rarely  studied.  We  systematically  studied  the  relevant  sustainability  criteria  and  indicators  from
the  three  perspectives  in  different  stages  of  a general  bioenergy  life  cycle  and  in  different  sustainability
dimensions,  and  evaluated  bioenergy  operators’  sustainability  principles,  criteria  and  indicators  simulta-
neously  with  respect  to  the steering  and  research  data  and  a business  sustainability  maturity  framework.
We  collected  data  from  literature  and  a workshop  for Finnish  bioenergy  experts.  The  results  show  a
similar  division  of  steering  and  operators’  sustainability  criteria  and  indicators  to  life cycle stages  and
sustainability  dimensions  with  a slight  emphasis  on  business  economic  sustainability  from  operators’
perspective.  The  acceptability  principle  could  provide  bioenergy  operators  a meaningful  way  of  identi-
fying the  role  of  sustainability  criteria  and  indicators  from  steering  and  research  sources in advancing
their  business  sustainability  maturity.

©  2016  Elsevier  Ltd. All rights  reserved.

1. Introduction

In 2010, 10% of the global primary energy demand was  met  by
bioenergy production. One third of bioenergy was  consumed by the
industry, energy, or transportation sector (IEA, 2012). According to
a scenario by the IEA (2012), the global primary energy demand for
bioenergy, excluding traditional uses, could more than double by
2035. Currently, the markets of energy biomass are increasing and
internationalizing rapidly (Vakkilainen et al., 2013).

Greenhouse gas emission reduction and renewable energy pro-
motion targets, such as the EU 20-20-20 policy (2009/28/EC) and
resulting political mandates and subsidies (FAO, 2008; ICTSD, 2009)
for biomass-based solutions as part of the energy infrastructure
affect the production of bioenergy. Renewable energy production,
including bioenergy, is generally recognized as a promising solution
to replace fossil fuels in an attempt to cover the rapidly grow-
ing energy demand, triggered by drastic population and economic
growth, especially in the developing areas of the world.

∗ Corresponding author. Tel.: +358 50 439 3984.
E-mail address: heli.rimppi@lut.fi (H. Rimppi).

The bioenergy growth should be managed so that the bioen-
ergy systems develop sustainably. The sustainability of human
operations presumes that the planetary boundaries or local envi-
ronmental ceiling are not exceeded and the quality of life is
maintained by respecting the social foundation of human well-
being (Griggs et al., 2013; Heijungs et al., 2014; Raworth, 2012;
Rockström et al., 2009).

Scientists stress the importance of a holistic vision and inte-
grated approach to bioenergy system sustainability assessing the
environmental, social, and economic impacts together (Buchholz
et al., 2007; Dale et al., 2013; Purba et al., 2009; Sheehan, 2009).
Several authors have found interactions and interdependencies
between the sustainability dimensions (Brose et al., 2010; Dale
et al., 2013; ISO 13065 draft; Pülzl et al., 2012) resulting in both
synergies and conflicts between the environmental and socioeco-
nomic impacts (Diaz-Chavez, 2014). For example, Rettenmaier and
Hienz (2014) found links between the environmental and socioeco-
nomic indicators, for instance the land use impacts on food security,
ecosystem services, biodiversity, water, and soil.

However, bioenergy sustainability studies have tended to con-
centrate on the environmental sustainability and especially on
two issues: greenhouse gas and energy balance (Buchholz et al.,

http://dx.doi.org/10.1016/j.ecolind.2016.02.005
1470-160X/© 2016 Elsevier Ltd. All rights reserved.
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2009; Cherubini and Strømman, 2011), which are necessary but
not sufficient sustainability indicators because they fail to include
a variety of other relevant environmental aspects. (Liao et al., 2011;
Maes and Van Passel, 2014). Furthermore, Diaz-Chavez (2014)
states that in the context of sustainability emphasis has been put on
economic and environmental dimensions, whereas social dimen-
sions have been less vigorously addressed, until recently. The same
trend is visible in the currently applicable sustainability criteria for
biofuels and bioliquids in the legislation (EU Directive, 2009/28/EC
(RED)) on the promotion of the use of energy from renewable
sources) and standard series EN 16214 (1, 3 and 4), the criteria
of which are in accordance with the RED criteria. Rettenmaier and
Hienz (2014) state that the RED mandatory criteria currently con-
centrate exclusively on greenhouse gas and biodiversity effects,
whereas criteria (on e.g. soil, water, and air protection) strongly
linked to the ecosystem services would cover the social impacts
better. However, new standards (such as ISO 13065) and certifica-
tion schemes for bioenergy sustainability are under development
creating a new potential for covering the sustainability more holi-
stically from the steering perspective.

Bioenergy systems can be described as adaptive systems
(Buchholz et al., 2007) where the bioenergy life cycle processes
and their practical implementers, that is, bioenergy operators,
constantly interact with different levels of their operational envi-
ronment: business, micro-, and macro-environment (Ketola, 2005).
A prerequisite for the sustainable development of bioenergy sys-
tems is that the bioenergy operators are aware of the sustainability
aspects in the bioenergy life cycle stages adopting sustainability
thinking and criteria in practice (Borghesi and Vercelli, 2008).
In the research literature, the interface of bioenergy operators’,
steering, and research perspectives on the sustainability crite-
ria and indicators of bioenergy life cycles has yet received little
attention.

This paper aims to build a view of the bioenergy operators’ per-
spective of the sustainability criteria and indicators in bioenergy
systems and compare them with the current bioenergy sustaina-
bility criteria and indicators in the bioenergy legislation in the
EU, international and European standards, and research litera-
ture. The operators’ perspective is studied in a workshop for
Finnish bioenergy experts and steering and research perspec-
tives from the literature. Sustainability is considered holistically
from the environmental, social, and economic perspectives, and
the criteria and indicators are systematically categorized utiliz-
ing life cycle thinking. Workshop sustainability aspects, including
criteria and indicators, are evaluated with respect to a business
sustainability maturity framework. The results provide informa-
tion on the extent to which bioenergy operators, steering and
research currently consider different sustainability criteria and
indicators with regard to life cycle stages and sustainability dimen-
sions, on the current maturity of bioenergy sustainability thinking
in Finnish bioenergy companies, and on possibilities to develop
bioenergy systems towards a better state of sustainability through
interactions between steering, research and bioenergy opera-
tors in the development of sustainability principles, criteria and
indicators.

2. Theory

2.1. Systematic and holistic approach to sustainability

Fig. 1 shows how we structured our systematic approach to
sustainability. Bautista et al. (2016) have previously applied a
similar multidimensional sustainability framework with different
sustainability principles, criteria and indicators and sustainability
dimensions to biodiesel supply chain.

Fig. 1. Systematic approach: the perspectives to sustainability, life cycle stages
and  sustainability dimensions in which sustainability criteria and indicators were
divided (the cube).

2.1.1. The sustainability dimensions
Sustainability is considered to comprise four dimensions: envi-

ronmental, social, economic, and institutional (Herva et al., 2011).
As stated in the introduction, this paper focuses on the environ-
mental, social, and economic dimension of sustainability. Pülzl
et al. (2012) have concluded that although artificial and sugges-
tive at best, the categorization of sustainability aspects according
to sustainability dimensions can be a useful attempt to manage the
complexity of sustainability. To enhance the systematic structur-
ing of our data, we  utilized the sustainability dimension approach
in our analysis. The socioeconomic dimension was considered to
include aspects related to macroeconomy and microeconomy (i.e.,
the economy of the external operational environment of a com-
pany), human well-being, culture, and work. Although business
economic sustainability aspects (i.e., company internal economy)
have traditionally not been separately discussed and may  be
integrated into the socioeconomic sustainability dimension, we
distinguished the business economic dimension to highlight the
bioenergy operators’ perspective and to compare its emphasis in
the workshop versus literature.

2.1.2. The bioenergy life cycle stages
Life cycle approach was  selected as the basis for the research

because LCA is a generally accepted method for the environmen-
tal impact assessment of products (Cherubini and Strømman, 2011;
ISO 14040, 2006), social impacts can be related either directly to the
life cycle processes or to the supply chain and the conduct of com-
panies performing the processes (Dale et al., 2013; Jørgensen et al.,
2008), and the costs can be related to the life cycle (e.g. Klöppfer and
Ciroth, 2011). Thus, this paper relates to the life cycle-based sus-
tainability thinking as suggested by Klöppfer (2008), Guinée et al.
(2011) and Klöppfer and Grahl (2014).

2.1.3. The stakeholder perspective
The three different stakeholders (steering, research and

business) of bioenergy systems, have fundamentally different
sustainability-related objectives. Steering aims to protect human
health and the environment and ensure fair and equal treatment
and well-being of humans, whereas research aims to produce
new knowledge about bioenergy sustainability. The difference
in the time span of the steering and research is remarkable:
where research produces new knowledge, steering incorpo-
rates this knowledge into, for example, legislative acts after
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3. Acquiring long-term
licence to ope rat e from
stakeholders through

innovative sustainability-
driven activitie s

Independent - on their own
terms, High creativity

2. Building trust among stakeholders
by modifyin g curren t activitie s into 

sustainable direction
Voluntary, Medium creativity

1. Clai ming  basi c approva l of  business  by co mplying
with legislativ e require ments
Mandatory, Lo w creativity

Fig. 2. Development of the maturity of business approaches to sustainability (the
triangle).

legislative processes that could take several years (Kapanen, 2014;
The Federation of Finnish Technology Industries, 2010) – thus, the
risk of outdated knowledge may  hinder the implementation of the
protection objectives through regulation. Business operators have
various objectives ranging from short to long term, however, the
common objective is the continuity of business. Fig. 2 is a sim-
ple depiction of business approaches to sustainability, applied from
theories and ideas by (Ansoff, 1987, 1984; Fava, 2014; Heikkurinen,
2013; Heikkurinen and Ketola, 2012; Schumpeter, 2014).

In Fig. 2, constant compliance with mandatory legislative
requirements is the basis for building sustainable business and
trust among stakeholders at level 1. The role of steering by stan-
dards and certification systems may  be more significant at level 2
where the focus is on modifying operations towards a sustainable
direction and building trust of among stakeholders. In the upper
levels, creativity and voluntariness related to sustainability activi-
ties increase. Activities on these two upper levels, aiming to acquire
long-term license to operate from stakeholders, are clearly more
dependent on the novel knowledge provided by research.

2.1.4. Criteria and indicators
In this paper, criteria and indicators form the basis for the

comparison of the bioenergy operator’s perspective, bioenergy leg-
islation, international standards, and research literature.

As a general concept, sustainable development is ambiguous
and vague, and therefore, indicators that provide metrics for action
level are needed (Herva et al., 2011). Indicators are quantitative
or qualitative indicative measures or components, and they are
used for the assessment of fulfilment of criteria, which are prin-
ciples operationalized by elaborating their goals and objectives,
or for the depiction of impact categories and thus assessment of
impacts (Chang, 2011; Cramer et al., 2007; Heink and Kowarik,
2010). Fig. 3 depicts the relation of principles, criteria, different
types of indicators and related concepts. Fig. 3 has been constructed
based on theories and ideas by (Chang, 2011; Christen and Schmidt,
2012; Corbière-Nicollier et al., 2011; Cramer et al., 2007; Diaz-
Chavez, 2014; Heink and Kowarik, 2010; Ibáñez-Forés et al., 2014;
Kaario and Peltola, 2008; Mendoza Guillermo and Prabhu, 2000;
Rametsteiner et al., 2011; Rempel et al., 2004; SFS-EN 16214-1:
2012; SFS-EN-ISO 14040, 2006; Wu and Wu in Madu and Kuei,
2012).

Fig. 3 incorporates practical process management, monitor-
ing and development, knowledge production (Kaario and Peltola,
2008) and steering perspectives, thus including one or more of
bioenergy operators’, researchers’ and policy-makers’ interests. In
the best case, the different actors cooperate to produce profound
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Fig. 3. Relations of principles, criteria, indicators, verifiers and data.

understanding (wisdom) of the state of sustainability and sustain-
able development of the specific bioenergy system. Thus, both
normative and descriptive (Heink and Kowarik, 2010) dimensions
of sustainability are included in the analysis.

The steering perspective on one hand represents a normat-
ive approach through mandatory sustainability criteria and on
the other, gives guidance on verification of compliance through
evaluative or descriptive indicators. Fig. 3 includes the depic-
tion of knowledge production. Data is aggregated to indicators,
and an indicator unit gives a meaning to the indicator, produc-
ing information, which through further interpretation transforms
into knowledge and further to wisdom (Kaario and Peltola, 2008)
in a larger context, for example of the role of bioenergy in sus-
tainable energy production. Research is important, on one hand,
in knowledge production bottom-up from the data, and on the
other, development of criteria through the acquired knowledge.
Bioenergy operators can reactively apply the given criteria in their
bioenergy system processes and produce required information of
their processes (as in level one of Fig. 2). Bioenergy operators could
also actively assess impacts of their current of planned bioenergy
chain operations, develop indicators, and aim to set the indus-
try standards as well as lobbying new sustainability criteria into
legislation – simultaneously striving towards a better state of sus-
tainability (as in levels 2–3 in Fig. 2).

In this paper, we  classify indicators with descriptive formulation
as indicators and prescriptive indicators with normative formula-
tion as criteria. Verifiers only have a rather vague definition in EN
16214-1. Thus, verifiers are not included in further analysis.



360 H. Rimppi et al. / Ecological Indicators 66 (2016) 357–368

Table 1
Steering literature for review: five references.

Reference Type of reference Title, scope

Directive, 2009/28/EC
(RED)

Legislation Directive, 2009/28/EC of
the European Parliament
and of the Council of 23
April 2009 on the
promotion of the use of
energy from renewable
sources and amending and
subsequently repealing
Directives 2001/77/EC and
2003/30/EC (Text with EEA
relevance) Scope: energy
from biofuels and bioliquids
irrespective of whether the
raw materials were
cultivated inside or outside
the EU

Draft proposal for a
directive on
sustainability criteria
for solid and gaseous
biomass (dropped)

Legislation Proposal for a Directive of
the European Parliament
and of the Council on
sustainability criteria for
solid and gaseous biomass
used in electricity and/or
heating and cooling and
biomethane injected into the
natural gas network (Text
with EEA relevance)

EN 16214-3: 2012 Standard Sustainability criteria for
the production of biofuels
and bioliquids for energy
applications. Principles,
criteria, indicators and
verifiers. Part 3:
biodiversity and
environmental aspects
related to nature
protection purposes

ISO/DIS 13065 (draft) Standard Sustainability criteria for
bioenergy. Scope: Whole
bioenergy supply chain,
parts of a supply chain or a
single process in the supply
chain. All forms of bioenergy,
irrespective of raw material,
geographical location,
technology or end use.

RSB 2013 Certification
scheme

Consolidated RSB EU RED
principles and criteria for
sustainable biofuel
production

3. Methods

3.1. Data collection

A twofold approach was chosen for data collection to get a
comprehensive view of sustainability criteria and indicators from
steering, research, and business perspectives. Data on sustainability
criteria and indicators were collected from literature sources and
in a workshop organized for Finnish bioenergy experts.

3.1.1. Literature review: steering and research perspectives
Recent and central references (see Tables 1 and 2) that contained

lists of relevant sustainability criteria and indicators for bioenergy
systems in general or parts of general bioenergy systems were
selected for review. Literature concentrating exclusively on the sus-
tainability aspects of certain biomass sources instead of bioenergy
systems was excluded from the review. The aim of the literature
review was to emphasize the research and steering perspectives to
the sustainability of bioenergy systems.

Table 2
Scientific/grey literature for review: nine references.

Reference Type of reference Title, scope

Buchholz et al., 2009 Research article in
a scientific journal

Sustainability criteria for
bioenergy systems: results
from an expert survey

Cherubini and
Strømman, 2011

Research article in
a scientific journal

Life cycle assessment of
bioenergy systems: State of
the art and future
challenges

Dale et al., 2013 Research article in
a scientific journal

Indicators for assessing
socioeconomic
sustainability of bioenergy
systems: A short list of
practical measures

McBride et al., 2011 Research article in
a scientific journal

Indicators to support
environmental
sustainability of bioenergy
systems

Smeets and Faaij, 2010 Research article in
a scientific journal

The impact of
sustainability criteria on
the costs and potentials of
bioenergy production –
Applied for case studies in
Brazil and Ukraine

Cramer et al., 2007 Other research
report

Testing framework for
sustainable biomass

Diaz-Chavez, 2014 Other research
report

Indicators for
Socio-Economic
Sustainability Assessment,
Scope: biofuel production

van Eijck and Faaij,
2014

Other research
report

Analysis of Socio-Economic
Indicators on Different
Bioenergy Case Studies,
Scope: bioenergy chains
with different geographical
locations, feedstock sources,
conversion technologies and
products

GBEP, 2011 Other research
report

The Global Bioenergy
Partnership sustainability
indicators for bioenergy

Legislation, standards, and the certification scheme represent
the steering perspective to bioenergy production. The EU legis-
lation and European standards that are a central basis for the
operations of the Finnish bioenergy operators were selected for
review. The preparation of the proposal for a directive on sustaina-
bility criteria for solid and gaseous biomass has been cancelled;
however, the draft proposal was included in the analysis because
it addresses important sustainability aspects of those biomasses,
although Gamborg et al. (2014) predict that possible future sus-
tainability criteria for solid and gaseous biomass fuels would likely
be similar to the criteria of the RED. The European requirements
apply to bioenergy life cycles globally. The draft international
standard ISO 13065 and the standard and certification scheme by
the Roundtable on Sustainable Biomaterials (RSB) represent the
globally accepted approach to bioenergy sustainability. The RSB
certification scheme is in accordance with the EU RED (RSB, 2013).

Articles published in scientific journals and other research
reports represent the research perspective. Research about
environmental, social, and economic sustainability criteria and
indicators was reviewed equally. The research article by Buchholz
et al. (2009) presents a relevance, practicality, reliability, and
importance rating of central environmental, social, and economic
sustainability criteria of bioenergy systems based on an inter-
national bioenergy expert survey. Due to the similarities in the
approach with the workshop, the article was chosen for review.
The research articles by Dale et al. (2013) and McBride et al. (2011)
emphasize the practicality of sustainability indicators introduc-
ing a set of central socioeconomic sustainability indicators (Dale
et al., 2013) and environmental sustainability indicators (McBride



H. Rimppi et al. / Ecological Indicators 66 (2016) 357–368 361

Table  3
Categorization of workshop participants.

Participant
organization

End-product Number of participant
organizations (number
of people)

Research
organization

Research/scientific
knowledge (related to
bioenergy systems)

8 (15)

Biofuel
producer

Biofuel 3 (3)

Technology
provider

Technology and related
services, such as
maintenance and
design

1 (1)

Bioenergy
producer

Biomass-based energy,
e.g. heating, cooling,
electricity

3 (7)

Other 2 (2)

Total 17 (28)

et al., 2011). Since the perspective of these two articles is similar
to the objectives of the workshop (practical or business perspec-
tive and recognizing key sustainability indicators), these articles
were selected for review. Although they concentrate on the costs of
criteria, Smeets and Faaij (2010) select areas of concern and define
sustainability criteria, and thus qualify for our review. Though the
report by Cramer et al. (2007) has been initiated by the Dutch gov-
ernment, it is applicable in the EU area. The two articles in Rutz
and Janssen (2014) were selected for review to balance the number
of references related to different sustainability dimensions: they,
together with Dale et al. (2013) represent the socioeconomic sus-
tainability indicators of bioenergy, whereas McBride et al. (2011)
and Cherubini and Strømman (2011) concentrate on environmental
sustainability. The Global Bioenergy Partnership (GBEP) indicators
have raised interest among researchers (e.g. Hayashi et al., 2014).
Thus, the GBEP indicators were assumed central and selected for
review.

3.1.2. Workshop: bioenergy operators’ perspective
Bioenergy sustainability aspects were collected in a one-day

workshop, which was organized in Finland in November 2013.
Previous research has shown that the use or understanding of
indicators has not been consistent in research literature (see for
example Heink and Kowarik, 2010). Thus, to avoid confusion among
the participants due to these definitional issues, the workshop
concentrated on collecting any sustainability aspects which were
categorized later in detail. The workshop emphasized the business
perspective to the sustainability of bioenergy systems and aimed
at giving profound insights on the sustainability aspects through
group discussions. In total, 28 Finnish bioenergy and/or sustaina-
bility experts representing 17 different organizations participated.
Eight researchers from two research organizations were steering
the work while the remaining 20 people (seven researchers, 11
company representatives, and two research program managers)
from 15 organizations produced the data.

In literature, bioenergy operators are further classified: RSB
(2013) divides operators in the biofuel chain into feedstock produc-
ers, feedstock processors, biofuel producers, and biofuel blenders,
whereas Dale et al. (2013) mention growers and suppliers as the
major actors in the feedstock production stage, biorefineries in the
conversion stage, and fuel users in the end-user stage of biofu-
els. Following the preceding examples of biofuel chain operator
categorizations, Table 3 presents the categorization of the work-
shop participants. Biofuel producers, technology providers, and
bioenergy producers (seven companies) in the workshop were
large enterprises not defined as micro, small or medium-sized
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Raw material
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Fig. 4. The bioenergy system life cycle stages considered in the workshop.

enterprises according to the EU Commission recommendation
C(2003) 1422.

In the workshop, participants were divided into five working
groups, which consisted of both researchers and different types of
bioenergy operators. Each working group considered the environ-
mental, social, and economic sustainability aspects of one stage of
the bioenergy life cycle (see Fig. 4) at a time. The standard EN 16214-
4 gives an example of a generic biofuel production chain that was
used as a basis for the selection of three life cycle stages.

The raw material selection and acquisition stage was  further
divided into three alternative phases according to the biomass
resource. Agrobiomass, biowaste, forest biomass, and aquaculture
were included because these biomass categories are common in
bioenergy production. Since the use of biomass from aquaculture
for energy production is yet marginal, aquaculture was grouped
together with forest biomass. Definitions of RED 2009/28/EC and
EN 16214-1 are applicable for all these biomasses. The bioenergy
system is considered to include all conversion routes and technolo-
gies, biofuel products, energy production technologies, and end
uses (heating/cooling, electricity, and transportation).

3.2. Data analysis

3.2.1. Categorization of literature and workshop data for the
production of quantitative results (the cube)

Literature data were categorized into three life cycle stages and
three sustainability dimensions. Tables 4 and 5 show what informa-
tion on the categorization of sustainability criteria and indicators
into life cycle stages and sustainability dimensions (literature used
a division to environmental, social, economic, and socioeconomic
dimensions) the literature sources provided and could be utilized in
further categorization. Furthermore, the tables show that the cat-
egorization of bioenergy sustainability criteria and indicators into
life cycle stages or sustainability dimensions (most often option-
ally) is a common practice.

The workshop produced 25 data sets (five sets per life cycle
stage) on the sustainability aspects. These data sets were combined
into one data set per life cycle stage; duplicate data was removed,
and the data was  translated from Finnish into English. Thereafter,
all data were combined into one table and classified into three life
cycle stages regarding the information at which life cycle stage each
datum was  collected in the workshop. However, the categorization
of data based solely on this information would have been insuf-
ficient since many data related to more than one life cycle stage
or were misplaced in the original data set. Thus, three researchers
who were familiar with the data expressed their views on which life
cycle stage each datum would directly relate to. Accordingly, a com-
mon  categorization was established: when two or more researchers
(the majority) agreed on a direct link between a datum and a life
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Table 4
Categorization of sustainability criteria and indicators in the steering literature
sources according to life cycle stages and sustainability dimensions.

Reference Type of
reference

Criteria and
indicators
categorized
according to
life cycle stages

Criteria and
indicators
categorized
according to
sustainability
dimensions

Directive,
2009/28/EC
(RED)

Legislation Yes (Could
unambiguosly
be interpreted
from the data)

No

Draft proposal for a
directive on
sustainability
criteria for solid
and gaseous
biomass
(dropped)

Legislation Yes (Could
unambiguosly
be interpreted
from the data)

No

SFS-EN 16214-3:
2012

Standard No (Could
partly be
interpreted
from the data)

Yes

ISO/DIS 13065
(draft)

Standard No Yes

RSB 2013 Certification
scheme

No (Could be
interpreted
from scope:
biofuel
production =
raw material
selection and
acquisition +
refining and
logistics)

No

cycle stage, the link was considered relevant. Similar categorization
was done for the literature data to complement the categorization
provided by the literature sources. Respectively, both workshop
and literature data on the sustainability criteria and indicators were
categorized into three dimensions of sustainability: environmental,
socioeconomic, and business economic.

The workshop data was further categorized into criteria, indi-
cators and other categories that Table 6 shows. The division of
sustainability aspects into principles, criteria, indicators, indicator
units and verifiers was based on the indicator theory explained in
Section 2.1.4. Workshop data included data that were categorized
as impacts that need to be indicated, decision-making questions
that, for example, included multi-(sustainability) criteria process-
optimization problems or assessment of alternatives, in which case
a sustainability impact assessment may  be necessary, and observa-
tions – a broad range of different notions of bioenergy in general or
certain bioenergy processes, for example sustainability challenges
and opportunities. The formulation of each category indicates dif-
ferences between the categories. Furthermore, Table 6 shows the
presence of respective categories in literature. For comparability of
the results from different sources, only sustainability aspects that
were defined as criteria or indicators, were taken into account in
the calculations, and thus, production of the quantitative results. In
quantitative results, criteria and indicators were not further sepa-
rated.

3.2.2. Production of qualitative results based on business
approaches (the triangle)

In qualitative comparison of data from different sources, sus-
tainability aspects of different categories (principles, criteria,
indicators etc., see Table 6) were studied more broadly than in
quantitative analysis, with focus on content. Most importantly,
principles, criteria and indicators in workshop and literature data

Table 5
Categorization of sustainability criteria and indicators in the research literature
sources according to life cycle stages and sustainability dimensions.

Reference Type of
reference

Criteria and
indicators
categorized
according to
life cycle stages

Criteria and
indicators
categorized
according to
sustainability
dimensions

Buchholz et al.,
2009

Research
article in a
scientific
journal

No Yes

Cherubini and
Strømman,
2011

Research
article in a
scientific
journal

Yes (Scope =
the whole life
cycle: all issues
in all life cycle
stages)

Yes

Dale et al., 2013 Research
article in a
scientific
journal

No Yes

McBride et al.,
2011

Research
article in a
scientific
journal

No Yes

Smeets and
Faaij, 2010

Research
article in a
scientific
journal

Yes (Scope =
one life cycle
stage)

No

Cramer et al.,
2007

Other research
report

Yes No (Could
partly be
interpreted
from the data)

Diaz-Chavez,
2014

Other research
report

No (Could be
interpreted
from scope:
biofuel
production =
raw material
selection and
acquisition +
refining and
logistics)

Yes

van Eijck and
Faaij, 2014

Other research
report

No (Could
partly be
interpreted
from the data)

Yes

GBEP, 2011 Other research
report

No (Could
partly be
interpreted
from the data)

Yes

Table 6
Categorization of sustainability aspects from workshop, steering literature and
research literature.

Category of
sustainability
aspect

Number of sustainability aspects Formulation

Workshop Literature

Principles 8 62 Normative
Criteria 83 161 Normative
Indicators 162 74 Descriptive
Indicator units 1 61 SI unit
Verifiers N/A 42 Descriptive
Impacts to be

indicated
29 N/A Descriptive

Decision-
making
questions,
options

31 N/A Descriptive/
interrogatory

Observations 96 N/A Descriptive/
normative/
interrogatory
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were compared. Additionally, impacts to be indicated from work-
shop data were included in the comparison because of their close
relation to criteria and indicators. Decision-making questions and
observations from workshop data were utilized in the comparison
as sources of additional information on bioenergy operators’ aware-
ness of different sustainability themes. Indicator units and verifiers
were not considered in the comparison due to their absence in
workshop data.

The aims of the qualitative analysis were to compare the
coverage of sustainability themes from steering, research and busi-
ness operators’ perspectives and to evaluate what sustainability
maturity levels (Fig. 2) bioenergy business operators can reach
through compliance with criteria and utilization of indicators from
different stakeholders related to different sustainability themes.
Sustainability principles, criteria and indicators from steering and
research literature were grouped theme-by-theme, and thereafter,
the sustainability aspects expressed by bioenergy operators (those
discussed in the workshop) were located in the groups based on
whether they were at the level of legislative steering, current stan-
dards, the future standard (ISO 13065), certification or research
literature content-wise. The initial assumption was, based on the
hypothesis on in Section 2.1.3, that principles, criteria and indica-
tors in legislative steering would belong to level 1 of sustainability
maturity (mandatory activities), in standards and certification sys-
tems to level 2 (voluntary development to sustainable direction and
building trust among stakeholders) and in research literature to
level 3 (active, creative sustainability-driven activities and acquir-
ing long-term licence to operate).

4. Results and discussion

4.1. Quantitative results: aspects of different stakeholders in
different dimensions of sustainability and life cycle stages (the
cube)

Fig. 5 shows how the sustainability criteria and indicators of dif-
ferent stakeholders are divided into three different sustainability
dimensions in three different life cycle stages. Some criteria and
indicators directly link to more than one life cycle stage and more
than one sustainability dimension. For example, in the steering lit-
erature, 19% of sustainability aspects were divided to more than
one sustainability dimension, and respectively in the research lit-
erature 18% and in the workshop 34%. This multiplicity explains
percentages over 100.

The results show that the steering literature mainly concen-
trates on environmental sustainability, whereas socioeconomic
sustainability is highlighted over other sustainability aspects in
every life cycle stage in the research literature. The selection of
the research literature sources for review and a small number of
references, however, affects the distribution of the sustainability
aspects between sustainability dimensions, and does not provide
an all-encompassing picture of the research situation. As stated in
the introduction, bioenergy sustainability research by far has had
the tendency to focus on greenhouse gas emissions and energy bal-
ance – both issues generally perceived as environmental. Finnish
bioenergy business seems to have adopted thinking that is closer to
the steering literature than the research literature. The main differ-
ences between the steering literature and the workshop material
are that steering literature concentrates more on environmental
sustainability (especially in the first life cycle stage) while busi-
ness economic sustainability has more importance in the workshop
material in every life cycle stage. The business operators’ focus on
the feasibility of business might explain this variation. In all cases,
the majority of the sustainability aspects can be directly linked to
the raw material selection and acquisition.

In the steering literature 60% of the criteria and indicators
directly linked to the environmental sustainability dimension, 29%
to the socioeconomic dimension and 11% to the business economic
dimension. The respective percentages were 30%, 57% and 13% for
research literature and 46%, 25% and 29% for the workshop. Bautista
et al. (2016) studied 103 documents that included certification and
initiatives of sustainability criteria of biofuels, biofuel standards
and policies, research papers and biofuel testing frameworks and
scorecards. They concluded that 43% of the documents related to
the environmental, 29% to the social and 16% to the economic sus-
tainability dimension (Bautista et al., 2016). Our  workshop results
are most in line with these previous results, especially the raw
material selection and acquisition stage, though the slight differ-
ences in the division of socioeconomic and business economic
dimension. This study does not and could not suggest, whether the
percentages should be equal, however, research might have some
more socioeconomic issues to add to the steering and bioenergy
operators’ perspective.

4.2. Qualitative results: principles, criteria, indicators and other
aspects at different levels of business sustainability maturity (the
triangle)

The literature highlighted legality and compliance with legis-
lation as a separate sustainability theme. Respectively, business
operators have to follow steering literature to comply with the
legislative sustainability criteria and optimize the bioenergy chain
within the boundaries set by legislation. The requirement of com-
pliance may  explain the similar profiles of steering literature and
workshop material in the previous section. According to the work-
shop discussions, bioenergy operators can choose their level of
effort with regard to legislative sustainability requirements: for
example, whether it is beneficial to be notably under maximum
emission limits or to achieve minimum compliance.

Currently, sustainable development of bioenergy systems
largely depends on the active striving of bioenergy operators
towards sustainability through creative, voluntary actions, because
the influence of legislative requirements is so far quite sub-optimal
due to limited sustainability themes of legislation (greenhouse
gas emissions, carbon balance, peatland drainage, biodiversity and
farmers), limited coverage of bioenergy life cycle (mainly raw mate-
rial cultivation) and restricted scope (biofuels and bioliquids). Solid
and gaseous biomass based fuels are unregulated by sustainability
legislation. Given the interest of research towards biodiversity, it
seems a rising issue of concern in more extent. Furthermore, steer-
ing might focus more on socioeconomic aspects in the future as
highlighted by research and via steering, business operators will
apply socioeconomic aspects.

Our analysis of legislative requirements that affect bioenergy
operations is narrow and concentrates on bioenergy sustainability
criteria. A large variety of legislative acts, for example, local laws set
very specific requirements for each operator, such as environmen-
tal permits (cf. Environmental Protection Act 527/2014 in Finland).
Internationally harmonized sustainability criteria are few, though,
and thus, the role or local steering is emphasized. At some locations,
sustainable actions may  depend on the business operators’ ethics
and voluntary activity.

As legislative steering forms the basis of acceptable business,
as in level 1 of the sustainability maturity triangle (Fig. 2), stan-
dards and certification systems significantly broaden the scope of
bioenergy steering systems with regard to sustainability themes.
Demonstrating compliance with the criteria of standards and cer-
tification systems through utilization of their indicators is not
mandatory from legal perspective, and thus the level of volun-
tariness and creativity is higher for those companies that add
standards and certification systems to their compliance list in
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Fig. 5. Sustainability criteria and indicators of different stakeholders (workshop represents business perspective) directly linked to different sustainability dimensions in
different life cycle stages.

comparison to those companies merely striving to legislative com-
pliance. Bioenergy operators stated that compliance with the
sustainability criteria in standards and certification systems could
be important tools for bioenergy operators to gain further long-
term acceptance from customers and other stakeholders.

Although the workshop discussion was not at a detailed level,
it covered the sustainability themes of the literature. Thus, the
workshop participants were well aware of the literature that we
selected for review, or the themes are currently generally discussed
regarding bioenergy. Furthermore, the workshop highlighted
some themes that were not present in the steering or research

literature, and may, thus, best represent the bioenergy opera-
tors’ own  perspective to sustainability. Inclusion of these themes,
addressed more in-depth in the following chapters, into holistic
bioenergy sustainability assessments in research could be impor-
tant.

Resource efficiency and related sub-topics, such as nutrient bal-
ance, fertilizer use, and optimization of raw material use, were
discussed in the workshop, not in literature. A focus of discuss-
ions on the sustainability of energy from biowaste might have
contributed to this emphasis. Furthermore, resource efficiency is
currently at high level on the EU environmental policy agenda



H. Rimppi et al. / Ecological Indicators 66 (2016) 357–368 365

(European Commission, 2015). According to Schumpeter (2014),
aiming at reduced costs through resource efficiency measures is a
traditional business approach to sustainability.

Bioenergy operators pondered the advantages of or value added
through bioenergy in comparison to other energy production
options to justify bioenergy production. They highlighted oppor-
tunities of emission savings to air, soil and water. Furthermore,
they found optimization of bioenergy production important, there-
fore emphasizing operational aspects more than the literature:
reliability of operation that includes at least criteria on uninter-
rupted biomass or fuel supply to the power plant, raw material
and fuel quality influenced by transportation, storage and ter-
minal conditions, choices related to the scale of production, for
example centralized vs decentralized bioenergy production guided
by economy of scale, and alternative energy production tech-
nologies. The criterion on reliable and secure, good-quality raw
material sources may  at least partly originate from the trace-
ability requirement of the RED. Indicators of infrastructure and
logistics capacity were discussed in research literature, not at the
steering level. However, bioenergy operators were equally able
to find challenges and criticism related to bioenergy production,
such as the impacts of subsidies on the true sustainability of
bioenergy. According to Sala et al. (2013), the sustainability assess-
ments currently tend to concentrate on avoiding negative impacts,
whereas enhancing positive impacts is a rising trend. Whether
bioenergy operators perceive sustainability aspects as challenges
or opportunities and whether these two mindsets enhance or
decrease creativity on sustainability activities, could be an inter-
esting topic for further research, for example utilizing the SWOT
analysis.

Resources relevant for bioenergy production – land, water and
employees – seemed to include different sustainability maturity
perspectives. Research and the workshop discussions included
indicators on land-use change, which further leads to questions
on land rights and land availability. Land rights are a legislative
issue related to property rights as well as human rights, whereas
land availability is a value for the local community. ISO 13056 and
the RSB (2013) certification as well as research include criteria
and indicators on land rights, whereas land availability indica-
tors are discussed exclusively in research literature, and are at
a higher level in the triangle. The same applies to water quality
and quantity, water rights and water availability. Water rights are
discussed in RSB (2013) and ISO 13065, whereas research, GBEP
(2011), discusses the availability. In land and water availability
issues, research leads the sustainability thinking, and bioenergy
operators have adopted the availability idea. However, regardless
of bioenergy, the water footprint standard ISO 14046 will prob-
ably contribute to the water availability thinking. Labour rights
are, again, more legislative issues, included in the ISO 13065,
whereas working conditions could be improved limitlessly, thus,
improving the well-being of employees and creating value to them.
The working conditions and added value to employees were dis-
cussed mainly in research (not steering), and seem to be of great
interest to the bioenergy operators. The division presented in
this chapter is somewhat analogous to what Schumpeter (2014)
has suggested about two business approaches to sustainability:
the traditional approach focused on efficiency improvements and
the new approach based on value creation to various stakehold-
ers.

Further sustainability criteria and indicators that were not
discussed in steering literature, and are driven by research or
bioenergy operators, were included in themes that are of signifi-
cance to the well-being of local communities. Research literature
included indicators and few criteria on contribution to local or
regional economy, macroeconomic sustainability, employment
and energy security. Business operators touched these themes and

added new ideas of characteristics of the market area and their
influence business economic sustainability: demand of green elec-
tricity, market for and competitiveness of the end-product, and
competitive price of the end-product for consumers. Food secu-
rity, however, was included both in the certification system RSB
(2013) that presented two principles and criteria for food secu-
rity and in research, which mainly included indicators and few
criteria.

Another theme of value to local communities discussed merely
by Buchholz et al. (2009) and bioenergy operators was  local envi-
ronmental quality and attractiveness related to visual impacts
and noise. Bioenergy operators added odour impacts to the dis-
cussion – both as an important indicator of public acceptance
of bioenergy operations and as an indicator of process func-
tionality. Environmental quality aspects, such as soil and water
quality seemed to be, measured by the number of indicators and
criteria related to these themes in literature, important, possibly
rising sustainability themes together with biodiversity that was
discussed above. Bioenergy operators recognized soil quality indi-
cators, such as erosion, carbon balance and loss of nutrients, as
well as sufficiency and quality of water resources. Although the
EU has extensive product-related chemical legislation (for exam-
ple the REACH regulation (EC) No 1907/2006 and CLP regulation
(EC) No 1272/2008), health hazards caused by chemical pollution
were not found from steering literature concerning sustaina-
bility of bioenergy processes. The chemical regulations, however,
apply to the end-products, such as biofuels. In our data set, three
researchers, Buchholz et al. (2009), Cherubini and Strømman (2011)
and Smeets and Faaij (2010), addressed chemical pollution, as
did bioenergy operators. Literature discussed responsible use of
chemicals, pesticides, insecticides and herbicides, toxicity through
heavy metals and carcinogens (Buchholz et al., 2009; Cherubini and
Strømman, 2011). Bioenergy operators add to the list emissions of
drug residues and germs, especially in the energy from biowaste
chain.

Our results suggest that gaining acceptance from stakeholders is
essential for business operators, analogously to the triangle (Fig. 2)
thinking in Section 2.1.3. Similarly, Dale et al. (2013) consider social
acceptability as a major social sustainability category. As we sug-
gested above, the prerequisite for acceptability is compliance with
legislation. However, acceptability is a complex concept, which
according to our workshop discussions, further requires ethical
business, commitment of local community, and open communi-
cations between the business operator and different stakeholders.
The findings of Dale et al. (2013) support this observation.

The concept of acceptability comprises different stakeholders’
subjective and possibly value-based perspectives to sustaina-
bility and views of which sustainability aspects are relevant.
This advances context-specific and local sustainability thinking.
Buchholz et al. (2007) and Sala et al. (2013) have suggested a
participatory approach in decision-making to create solutions for
multiobjective sustainability questions. Thus, bioenergy opera-
tors developing the sustainability of their business or creating
new sustainable bioenergy solutions could benefit from appli-
cation of acceptability thinking and the sustainability maturity
approach, which have similarities. Levels 2 and 3 require certain
freedom for companies to offer their sustainable solutions, unres-
tricted by legislation and steered by stakeholder acceptance or
abandonment. Whether or not this freedom without expanding
legislative requirements is beneficial for sustainable development
of bioenergy systems, depends on the willingness and ability of the
bioenergy operators to voluntarily, creatively and broadly approach
the sustainability challenges and opportunities. The difficulty with
giving mandatory requirements for sustainability themes currently
at higher levels of the sustainability maturity triangle, based on
for example answering different stakeholders’ value-based needs
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such as attractive environment, may  be the formulation of clearly
quantifiable or otherwise demonstrable indicators.

In summary, we found that content-wise the division of
standards and certification systems and research into the two
more creative levels 2 and 3 is not as unambiguous as first
presented in Section 2.1.3. All the three data sources include
criteria and indicators on the basic legislative level and on
more creative levels. Distinguishing levels 2 and 3 is neither
unambiguous. It must be noted that the triangle generalizes
business approaches, although its justification lies in numer-
ous previous research efforts. Using the maturity approach to
understand the relationship, differences and interactions between
research, steering and bioenergy operators could, however, be
useful in the modelling and in the sustainability assessment
of adaptive bioenergy systems, as defined by Buchholz et al.
(2007).

4.3. Sensitivity analysis

In quantitative analysis, we based the comparability of the
three different data sources on sustainability criteria and indica-
tors. Differences in the definitions of criteria and indicators and
understanding of their mutual relation in different sources, how-
ever, add uncertainty to our results. Steering and research literature
could divide data to principles, criteria and indicators differently. In
the workshop data, information on correlative and causal relation-
ships, through which the indicators indicate (Heink and Kowarik,
2010), was missing. Thus, more information about the context
would have been necessary to unambiguously identify indicators
in the data.

Requirements in the legislation and standards impact the imple-
mentation of bioenergy processes, and thus, affect the perspective
of bioenergy operators on the most important sustainability ques-
tions and vice versa: company views impact the legislation. Thus
the question arises whether the bioenergy business operators’
perspective can be distinguished from the steering or research
perspectives, and which part of the workshop data represents
solely bioenergy operators’ view, is somewhat uncertain. The aim
of the workshop, however, was to concentrate on the bioenergy
operators’ perspective to sustainability, and thus, the partici-
pation of the researchers in the workshop was not considered
problematic with regard to the emphasis of the results. Further-
more, a strict division of people into company representatives
and researchers is hardly possible due to for example differ-
ent job descriptions, work experiences, personal interests, and
personalities. The atmosphere of open discussion in the work-
shop aimed at releasing participants from their company or
research organization representative roles while bringing partic-
ipants’ best expertise into use. Uncertainty about the perspective
from which workshop participants expressed their views is how-
ever inevitable.

In a workshop, group dynamics evidently affect the outcome
(cf. Bell and Morse, 2013), although all participants were given
the opportunity to express their opinions before common discus-
sion on the ideas. On one hand, the researchers introducing the
workshop and steering the work might have influenced the themes
under discussion for instance by prompting discussion on their
own areas of interest. On the other hand, proper steering helps
participants to concentrate on the topic and produce more rel-
evant results. Slight differences between the results of different
life cycle stages may  occur due to the conduct of workshop steer-
ing.

Our research was lacking grounds for assessing and compar-
ing the relative importance of different sustainability criteria and
indicators due to possible bias originating from the selection of
themes for discussion in the workshop, removal of duplicates from

the workshop data, and different approaches in literature sources.
The weighting of environmental sustainability themes is, however,
assessed in other literature sources: cf. Buchholz et al. (2009) and
Cherubini and Strømman (2011).

5. Conclusions

Including whole life cycles and multiple, interlinked dimen-
sions of sustainability is essential in studying and assessing the
sustainability of bioenergy systems. Using a systematic approach,
we recognized various sustainability criteria and indicators in all
dimensions of sustainability, in all bioenergy life cycle stages from
steering, research and Finnish bioenergy operators’ perspective.
Finnish large bioenergy business operators are aware of differ-
ent sustainability aspects and are able to divide the sustainability
aspects to different life cycle stages. This mindset would enable
them to operate at the more mature business sustainability levels
provided that they have the resources and a systematic strategy.

The business operators and steering literature have similar dis-
tribution of sustainability criteria and indicators in bioenergy life
cycle stages and sustainability dimensions. Bioenergy operators
and steering literature emphasize especially environmental sus-
tainability, and bioenergy operators emphasize business economic
sustainability criteria and indicators slightly more than the steering
and research literature. Legislative bioenergy sustainability criteria
and indicators currently lack the power to influence the holisti-
cally sustainable development of bioenergy systems, and thus, the
role of creating new research knowledge and voluntary activity of
bioenergy operators in advancing sustainability is significant. To
achieve greater sustainability maturity, bioenergy operators need
to be aware of possible reactive reliance on legislative sustaina-
bility criteria development, if reactive reliance is what the similar
distributions of sustainability criteria and indicators suggest, and
aim for more creative and more broadly stakeholder-inclusive sus-
tainability approaches.

The acceptability concept was present as an important theme
through the whole data set and the business sustainability maturity
approach. Acceptability covered major, partly overlapping sus-
tainability themes, such as legislative compliance, justification of
bioenergy, human, labour and property rights, resource availabil-
ity, local environmental quality and attractiveness, biodiversity
and productivity, economic development, and human health and
well-being. Consequently, we suggest that acceptability could be
raised as a sustainability principle of bioenergy systems and begin
the development of respective criteria and indicators from that
starting point. The acceptability principle could provide bioenergy
operators a meaningful way  of identifying the role of sustaina-
bility criteria and indicators from steering and research sources in
advancing their business sustainability maturity. The acceptability
and sustainability maturity approach could also be applicable for
large, and possibly also smaller, bioenergy operators globally and
to other fields of industry.
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ABSTRACT 

Bioenergy business operators can significantly contribute to the sustainability of 
bioenergy systems. While research has addressed the maturity of corporate responsibility 
for sustainability, the maturity levels of bioenergy business have not been determined. 
The objectives of this research were to characterise the maturity levels of bioenergy 
corporate responsibility for sustainability and outline an approach by which companies 
can operate at the most mature sustainability excellence level. Literature, three 
workshops attended by bioenergy experts and a case study on biobutanol production in 
Brazil were used to develop the maturity model and approach. The results characterise 
the profitability, acceptability, and sustainability orientation maturity levels through 
sustainability questions and methods, and list the components of a systemic, holistic 
approach. Although the shift of business mindset from sustainability-as-usual to 
sustainability excellence is challenging, a systemic approach is necessary to broadly 
identify sustainability questions and a multitude of methods by which they can be 
answered. 
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INTRODUCTION 

In 2013, 10% of the global total primary energy supply, 13,541 Mtoe, was derived 
from biofuels and waste [1]. Bioenergy business operators play a fundamental role in 
enhancing the extent to which sustainably produced biofuels are in use. Effort has been 
invested in the form of legislative steering, standardisation and scientific literature that 
defines the criteria to determine whether a biofuel is sustainable. For example, the EU 
Directive 2009/28/EC (RED) on the promotion of the use of energy from renewable 
sources includes mandatory sustainability criteria. Compliance with these criteria is 
standard practice, or sustainability-as-usual, to European biofuel producers. In 2013, the 
EU produced 252 Mtoe of biofuels, of which at least 10% was subject to the RED 
sustainability criteria [2]. The publication of the global standard ISO 13065 sustainability 
criteria for bioenergy in 2015 could increase global awareness of the sustainability issues 
associated with bioenergy. Furthermore, several sets of ecological, social and economic 
sustainability Principles, Criteria and Indicators (PCI) have emerged in the scientific 
literature [3]. However, biofuel producers that rely solely on the externally set standards 
for sustainable biofuels have only taken the first step on the path towards more mature 
corporate responsibility for sustainability and sustainability excellence. 

Research has identified deficiencies in the sustainability PCI and assessments of 
bioenergy systems. Awareness of the deficiencies could be useful to biofuel producers 
that are seeking further opportunities to achieve sustainability excellence and develop 
more sustainable bioenergy systems. The current PCI and the scientific sustainability 
assessments of bioenergy concentrate on limited sustainability issues such as greenhouse 
gas emissions and energy balance [4]. Research has clearly stated that more holistic 
sustainability assessments of bioenergy systems are required to avoid problem shifting 
[5]. The provision of biofuel is an important ecosystem service [6]. However, it has the 
potential to compromise other ecosystem services, especially in the food-water-energy 
nexus, such as local food, feed, fuel wood and freshwater resources [7]. Also conflicting 
views have emerged. For example, Dias et al. [8] concluded that it is not possible to 
establish a significant correlation between an increase in food prices and biodiesel 
production. Furthermore, they suggested that biodiesel cannot only be said to deprive 
food crops of land because food waste occupies more land than biodiesel crops [8]. Thus, 
a systemic view and awareness of possible global and local sustainability challenges and 
trade-offs could be of use to biofuel producers that strive to develop more sustainable 
bioenergy systems.  

Buchholz et al. [9] applied an adaptive systems approach to produce an integrated 
sustainability assessment of bioenergy systems. In their sustainability assessment of 
biobutanol, Niemistö et al. [10] concluded that the manufacturing process should not be 
considered in isolation from the surrounding society, and that the concept of value added 
in the operational environment is an important component of sustainability. Kettl et al. 
[11] continued that, in the context of regional energy systems, ecological impacts should 
be evaluated simultaneously alongside the creation of local value. Thus, the view of value 
creation opportunities is a further aspect that biofuel producers should take into 
consideration when developing more sustainable bioenergy systems. 

The concept of corporate responsibility for sustainability has attracted attention in 
scientific literature. For example, Dyllick and Hockerts [12] and Ketola [13] address 
corporate sustainability, and its different levels, which Baumgartner and Ebner [14] and 
Dyllick and Muff [15] refer to as levels of maturity. Research has explored how a “truly 
sustainable business” [15] can be characterised and what efforts and developments 
business operators need to consider on the path towards achieving such sustainability 
excellence.  
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Dyllick and Muff [15] and Whiteman et al. [16] discussed that the efforts business 
operators invest when attempting to enhance sustainability management are typically 
disconnected from macro-level sustainability challenges. This disconnect prohibits 
business operators from achieving the most mature level of corporate responsibility for 
sustainability [15]. In other words, the question of how a business can contribute to 
solving the urgent sustainability challenges of contemporary society with its products, 
services and activities is most relevant at the most mature level of corporate responsibility 
for sustainability [15]. Although general company profiling with regard to corporate 
responsibility for sustainability has been a research interest for some time, the application 
in the bioenergy sector is limited. 

The objectives of this study were to characterise the maturity levels of corporate 
responsibility for sustainability in the context of bioenergy systems and biofuel producers 
and to outline an approach for bioenergy businesses to follow at the most mature level of 
corporate responsibility for sustainability. The results should provide information about 
how bioenergy business could change its perspective from sustainability-as-usual to 
sustainability excellence. 

A review of literature laid the theoretical foundation for this study, complemented by 
the findings of three workshops that were attended by bioenergy sustainability experts. 
The literature and the findings of the workshops were further analysed to characterise the 
maturity levels of corporate responsibility for sustainability and to create an approach by 
which sustainability excellence can be achieved. A theoretical case study was conducted 
to drive deeper insights into the local context. 

MATERIALS AND METHODS 

Scientific and other literature laid the foundation for this study through providing a 
broad definition of the maturity levels of corporate responsibility for sustainability and 
determining the relevant components of a systematic business approach to macro-level 
sustainability challenges and opportunities. A participatory approach, cf. [17]; i.e., 
workshops attended by bioenergy experts, was utilised to collect data about the maturity 
levels of corporate responsibility for sustainability in the bioenergy context and to outline 
the business approach required to operate at the most mature level of corporate 
responsibility for sustainability. The data that was used to characterise the maturity levels 
consisted of sustainability questions from the context of a case study of Brazilian 
biobutanol and methods and tools for sustainability management.  

Workshops 

Three workshops were organised during 2013 and 2014 for Finnish bioenergy 
company representatives and bioenergy researchers. The participating companies’ 
business activities covered the whole supply chain from biomass cultivation to energy 
production. Table 1 shows the number and type of participants in each workshop.  

 
Table 1. Workshop participants 

 
Type of  

participating organisation 
Number of participating organisations (Number of participants) 
Workshop 1 Workshop 2 Workshop 3 

Research institute  
or consultant 

8 (15) 7 (10) 5 (7) 

Biofuel producer 3 (3) 2 (2) 2 (2) 
Technology provider 1 (1) 1 (1) 0 
Bioenergy producer 3 (7) 2 (3) 4 (5) 

Other 2 (2) 1 (1) 1 (1) 
Total 17 (28) 

 
13 (17) 12 (15) 
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Table 2 shows the data that was collected during the group discussions that were held 
in each workshop.  

 
Table 2. Data collected from the workshops 

 
Workshop Number of data Description of data 

Workshop 1 
407 Sustainability aspects 
166 Methods/tools 

Workshop 2 206 Sustainability questions 

Workshop 3 
14 Efficiency measures 
16 Value creation measures 
4 Methods/tools 

 
Workshop 1 concentrated on the general sustainability indicators of bioenergy 

systems and on identifying methods and tools by which sustainability can be managed. 
A depiction of a general three-stage bioenergy life cycle was used, and sustainability 
indicators, methods and tools were collected for each stage of this life cycle. The 
participants had different perceptions of the term “indicator”. Thus, the collected 
indicators included different sustainability aspects that were further classified into impact 
categories, criteria, indicators, decision-making questions about practical choices in the 
production chain, and observations of the production chain. The sustainability aspects 
were previously broadly classified into different levels of corporate responsibility for 
sustainability in [3]. The methods and tools were classified to characterise the different 
maturity levels of corporate responsibility for sustainability. 

Workshop 2 concentrated on local sustainability questions in the operational 
environment of the Brazilian biobutanol case study. During Workshop 2, a description of 
a four-stage biobutanol life cycle and its operational environment, together with a list of 
ten relevant bioenergy sustainability themes were utilised as supporting material to 
facilitate the composition of lists of local sustainability questions for different stages of 
the life cycle. The ten themes were compiled using the data that were gathered in 
Workshop 1: acceptability, requirements from legislation, standardisation and 
certification systems, economic steering, raw materials, productive goods, production 
technology, resource consumption, ecological impacts, social impacts, and economic 
impacts. The themes covered the major sustainability themes that have been described in 
existing literature [3]. The sustainability questions were classified to characterise the 
maturity levels. 

Workshop 3 discussed the different maturity levels of corporate responsibility for 
sustainability and examined how the local sustainability questions of the biobutanol case 
study from Workshop 2 could be divided into two maturity levels: efficiency measures 
and value creation measures. This dichotomy was based on the “two waves of 
sustainability” presented, for example, by Schumpeter [18], and applied within the 
business world. For example, Henkel’s [19] sustainability strategy consists of two layers: 
creating more value for stakeholders and reducing footprint. As such, this strategy 
incorporates both the efficiency and value creation measures of sustainability. Another 
example that supports this view is that of BASF, which also presented a twofold 
sustainability strategy in 2010: creating value, and thus, for example, accessing new 
markets and retaining customer relations while, at the same time reducing the risks related 
to legislative requirements, materials and reputation [20].  

Case study 

A theoretical case, in which biobutanol is produced from sugarcane in Brazil and 
imported to the EU market for use as a transportation fuel, was employed to gain context-
specific insights into the sustainability questions associated with bioenergy systems. 
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A systematic life cycle approach was used as a basis for the case study. The 
advantages of this approach were that the life cycle assessment is standardised [21] and 
commonly used in the assessment of potential environmental impacts [4]. Furthermore, 
a life cycle approach can be applied to social and economic impacts [21]. Social impacts 
can be linked to the conduct of companies in the supply chain [22], and economic impacts 
can be linked to the life cycle unit processes [23]. A life cycle approach provides a holistic 
view of the product system that enables the observation of trade-offs and helps avoid 
problem shifting between life cycle stages [24]. Figure 1 shows the biobutanol life cycle 
that was considered in Workshops 2 and 3.  

 

 
 

Figure 1. The biobutanol life cycle stages 
 

Ethanol can be utilised as an alternative to fossil petrol in vehicles. However, due to 
the differences in fuel characteristics, the maximum share of ethanol with petrol is 
approximately 10% in non-flex-fuel vehicles. As such, higher biofuel shares in existing 
vehicles require alternative biofuel options. Biobutanol can be used in higher percentage 
in combination with petrol than ethanol. The Acetone-Butanol-Ethanol (ABE) 
fermentation is the most common butanol production process [25], which was described, 
for example, by Mariano et al. [26]. During ABE fermentation, bacteria produce acetone, 
butanol, and ethanol from starchy feedstock [27]. The feedstock used during the ABE 
fermentation is similar to that employed during the ethanol process; for example, corn 
[25] and sugarcane [26]. Brazil has significant experience in the production of ethanol 
from sugarcane and the use of bagasse combustion to generate the electricity and heat 
required during the ethanol production processes [26]. Figure 2 presents the process by 
which ABE is fermented from sugarcane based on the work of Wu et al. [25] and Efe  
et al. [28].  

 

 
 

Figure 2. Biobutanol production process (adapted from [25] and [28]) 
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In the theoretical case study, a bioenergy company based in Europe is planning to 
invest in an ABE biobutanol plant that will have an annual production capacity of 100,000 
tonnes of biobutanol. The plant will be located in Brazil, and the intended raw material 
of biobutanol is Brazilian sugarcane. Brazil is an attractive area in which to produce 
bioethanol, and the production costs in this region are approximately half those of the EU 
[29]. The sugarcane will be cultivated on land that the bioenergy company leases from 
local authorities. The land area is located in the tropical savannah of Cerrado. Sugarcane 
cultivation is rapidly expanding to the Cerrado area [30] due to governmental steering. 
At present, a few local cattle farmers utilise the land as pasture [30], and it is not actively 
utilised for agricultural purposes; as such, the soil will need to be prepared before 
sugarcane cultivation can commence. A labour force needs to be brought into the area, 
and the necessary supporting infrastructure will need to be constructed. By-products of 
sugarcane cultivation can be utilised to produce energy for pre-processing and the ABE 
process in a similar way to ethanol production processes [28]. Biobutanol will be fully 
refined in Brazil, transported by trucks to the coast and exported by tankers to the EU 
market. According to a preliminary life cycle assessment study, the fuel complies with 
the RED sustainability criteria. The European bioenergy company may, however, have 
quite different thoughts, activities and communication related to sustainability based on 
the level of maturity of its responsibility for sustainability. This study aims to characterise 
these different levels, especially the highest level at which the business contributes to 
solving macro-level sustainability challenges. 

THE MATURITY LEVELS OF CORPORATE RESPONSIBILITY FOR 

SUSTAINABILITY 

Company maturity profiling was first performed as early as the 1980s with regard to 
market position [31] and strategic management [32]. Research has continued to 
incorporate profiling in the areas of environmental strategy [33], corporate social 
responsibility [34], and sustainability, as can be observed in the work of Baumgartner 
and Ebner [14] and Dyllick and Muff [15]. Figure 3 shows an indicative model of the 
maturity levels of corporate responsibility for sustainability. Figure 3 is based on 
information from various literature sources and is explained in more detail below.  

Heikkurinen [35] suggested that corporate responsibility has two orientations: 
extrinsic stakeholder responsibility and intrinsic corporate responsibility. Extrinsic 
responsibility implies that external requirements steer sustainability operations, whereas 
intrinsically responsible companies show creativity in sustainable solutions. Therefore, 
the intrinsic orientation implies that a more mature level of corporate responsibility for 
sustainability has been achieved. In Figure 3, the acceptability orientation is directly 
related to extrinsic stakeholder responsibility. In the profitability orientation, the extrinsic 
source of responsibility is shareholders, which is one stakeholder group. The 
sustainability orientation is based on the intrinsic corporate responsibility.  

The dashed lines in Figure 3 imply that companies most probably combine the 
orientations so that they exhibit different levels of maturity with regard to different 
aspects of sustainability [14]. The geographical location of operations and different 
societal conditions could be one explanation for variations in maturity. Although 
companies would ideally always mature in corporate responsibility for sustainability, the 
shifts between the maturity levels can be non-linear and bidirectional. Ideally, the 
business should exhibit the resilience to continue on its selected sustainability path 
despite societal and environmental changes. However, in practice, for example, in 
economically difficult times, an organisation’s strategic activities tend to regress to a 
business-oriented survival strategy, and environmental efforts are treated as a lower 
priority [36]. As explained above, the shift between profitability or acceptability and 
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sustainability orientation is quite significant in terms of the source of responsibility and 
the conception of sustainability, which will be explained below. 

 

 
 

Figure 3. A model of the maturity of corporate responsibility for sustainability,  
the boxes describe the activities (and objectives) of primary interest at different levels 

 
How do different conceptions of sustainability relate to the model of the maturity of 

corporate responsibility for sustainability? In general, literature identifies two 
conceptions of sustainability: weak and strong [35], or, as Ketola [13] correspondingly 
states, the two conceptions of corporate sustainability: relative and absolute or universal 
sustainability. Weak or relative sustainability allows sustainable economic growth [13] 
and a large rate of substitution of natural capital, e.g. ecosystem services [37], by human 
capital [35], e.g. technological solutions [13]. Relative sustainability concentrates on the 
stakeholders’ material welfare [13]. Weak sustainability is a traditional company 
approach to sustainability [13]. Heikkurinen [35] stated that the levels of extrinsic 
responsibility and economic instrumentalism, which are conventional approaches to 
corporate responsibility, are based on weak sustainability. This is the current state of the 
sustainability-as-usual approach.  

Strong or absolute sustainability recognises critical natural capital [37]. It 
incorporates systemic thinking and the idea that society and the economy are dependent 
subsystems of the environment or planet Earth; as such they have physical limits [35]. 
Strong sustainability does not approve quantitative economic growth, but instead, 
concentrates on qualitative improvements to the well-being of humans and nature [13]. 
In comparison to relative or weak sustainability, the absolute or strong conception of 
sustainability incorporates the idea of sufficiency as opposed to the maximisation of 
profit or benefit [13]. The sustainability orientation in the model of the maturity of 
corporate responsibility for sustainability applies the ideology of strong sustainability and 
represents sustainability excellence. However, an intrinsic conflict exists between the 
original purpose of business, to produce profit and the abolition of economic growth. 

The profitability orientation 

Economic feasibility studies represent a basic business procedure that is driven by 
common business economic or shareholder responsibility. Schumpeter [18] suggested 
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that efficiency thinking represents a traditional business approach to sustainability. 
Companies could initiate efficiency measures for sustainability from a purely business-
economic starting point; i.e., for cutting costs, with potential simultaneous positive 
impacts on decreasing the environmental loading. However, cost-cutting exercises could 
have a reverse effect on environmental protection because companies that are focused on 
cost reduction are less likely to adopt environmental values or policies [36].  

The acceptability orientation 

Typically, a company actively takes into account more stakeholder groups as the 
corporate responsibility for sustainability grows in maturity [35]. For example, with 
regard to the supply chain stakeholders, the sustainability goals and objectives set by a 
company tend to extend beyond the company’s own activities to the whole supply chain 
as the corporate responsibility for sustainability grows in maturity [38].  

 Compliance with legislative requirements is the prerequisite for business continuity 
and for reaching higher maturity levels [14]. However, Papagiannakis et al. [39] found 
that business activities that are merely aimed at complying with legislation delay the 
transition towards sustainability. In addition, different stakeholder or interest groups have 
different requirements and expectations. Literature suggests that bioenergy systems tend 
to fail if the concerns of stakeholders have not been taken into consideration within an 
informed decision-making process, since stakeholder participation provides information 
about the sustainability impacts of the system; for example, the risks and values to 
different stakeholders [9]. 

Requirements, for example, regulations, are commonly used in economic system 
modelling [40]. Requirements could represent the rules, criteria, orders, and requests that 
different stakeholders have specifically issued. A company could either take a reactive or 
proactive stance to requirements. A proactive approach to stakeholder requirements could 
increase as the corporate responsibility for sustainability grows in maturity [41]. 
Stakeholder expectations are not (yet) issued and could thus be more difficult for 
companies to detect. As such, they always require a proactive approach.    

It is worth considering, whether higher overall maturity in sustainability matters leads 
to more proactivity with regard to requirements or vice versa. Buysse and Verbeke [41] 
found that stronger environmental proactivity is likely to lead to more sensitivity to 
stakeholder requirements and more pressure from stakeholders might lead to a more 
proactive environmental strategy. 

The profitability-acceptability orientation: creating value for multiple stakeholders 

More mature companies might deliberately seek win-win situations through the 
simultaneous reduction of footprint and costs; i.e., through eco-efficiency measures. 
Ketola [42], however, stated that companies rarely take responsibility for the 
environment, society or culture, unless economic benefits are expected. Dyllick and Muff 
[15] suggested that more mature companies set targets and consciously attempt to create 
value for several stakeholders.  

The sustainability goals and objectives set by a company tend to change from being 
cost-, efficiency- and regulatory compliance-oriented to more widely environment- and 
society-oriented as the corporate responsibility for sustainability grows in maturity [18]. 
Here, the company perspective shifts from short-term profits to long-term license to 
operate [18], or respectively, from short-term to long-term sustainability concerns [15] 
as the corporate responsibility for sustainability grows in maturity. The shift begins when 
stakeholder requirements are addressed more proactively. 

The question as to whether value creation is directed towards material and monetary 
or immaterial value, could define whether the sustainability conception of the company 
is weak or strong, respectively. 
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The sustainability orientation 

Figure 3 describes the shift in the perspectives of sustainability management [15] so 
that as corporate responsibility for sustainability matures towards the creative, intrinsic 
corporate responsibility level driven by strong intrinsic motivation, business and product-
based sustainability management converts to sustainability-based business and product 
management.  

The sustainability-oriented business recognises the boundaries of sustainable business 
and applies the ideology of strong sustainability. As stated in the introduction, Dyllick 
and Muff [15] and Whiteman et al. [16] highlighted the disconnect between business 
operations and macro-level sustainability challenges represents a major deficiency in the 
corporate responsibility for sustainability. The need to connect business operations with 
local sustainability challenges could be further extended to incorporate micro, meso, 
macro and planetary levels [35].  

The planetary boundaries first described by Rockström et al. in 2009 [43] and further 
developed by Steffen et al. in 2015 [44] represent the universally recognised global 
environmental sustainability challenges and set the safe limits for sustainable human 
activities on planet Earth. The planetary boundaries can be further translated into local 
context by defining the local environmental ceiling [45]. The boundaries of a sustainable 
and just business could be extended from the environmental ceiling to human needs, both 
general and locally specific, that determine the minimum social foundation for well-being 
[45]. In Life Cycle Assessment (LCA), the limits of safe and just human activities are 
referred to as areas of protection [46] or as safeguard subjects [47], and they commonly 
include the following five categories: natural environment quality [46], natural resources 
[46], man-made environment [46], human health [46], and human dignity and well-being 
[22]. Figure 4 depicts the limits of the operational environment of a sustainable business, 
which is defined by the sustainability principles: to ensure the well-being of humans 
within the local environmental ceiling and planetary boundaries [45]. 

 

 
 

Figure 4. Boundaries of sustainable business, sustainable business occurs within the boundaries 
set by the environmental limits and social foundation (adapted from [34, 35, 43-45, 48, 49]) 

 
Rockström et al. [43] and Steffen et al. [44] described how population growth and 

increases in the standard of living are common factors that contribute to the challenges 
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that emerge when attempting to operate within the planetary boundaries. Such macro-
level developments could be a business interest within the development of long-term 
strategies. At the macro level, the analysis of Political, Economic, Social, Technological, 
Ecological (PESTE) factors is a common business practice [50]. Operations at the local 
level contribute to global sustainable or unsustainable development.  

From an anthropocentric perspective, the social foundation of sustainable human 
operations is firmly grounded in human needs. Well known need theories include 
Maslow’s hierarchy of needs and Max-Neef’s matrix of needs [49]. The minimum level 
in the fulfilment of needs, the social foundation, should be achieved. This is marked in 
the colour green in the middle sphere of Figure 4. Material needs include the requirements 
for food, water and shelter; moral needs include needs the requirements for truth and 
justice; and social needs include requirements for respect and belonging [49]. Human 
needs create a local demand for products and services. It is common for businesses that 
follow responsible business practices to identify the stakeholders that have subjective 
needs and interests that translate into requirements at different levels of the business 
operational environment [41].  

RESULTS AND DISCUSSION 

The following subsections will discuss the maturity levels of corporate responsibility 
for sustainability. The subsections will provide examples of sustainability questions, 
themes, objectives, methods and tools at the levels of profitability, acceptability and 
profitability-acceptability orientation. The last subsection will discuss the sustainability 
orientation together with the approach for bioenergy businesses to operate at the level of 
the sustainability orientation. 

The appendix contains all the local sustainability questions that were collected during 
Workshop 2. The questions are divided according to the levels of the model of the 
maturity of corporate responsibility for sustainability. The sustainability questions were 
retrieved within a few hours’ work; as such, the list of questions is incomplete, although 
missing data is difficult to identify. The discussions about relevant sustainability themes 
and methods in Workshop 1 remained at a general level and are inevitably deficient; 
however, the workshop themes covered the major sustainability themes presented in 
literature [3] and all maturity levels. The sustainability questions provided a view of the 
extent to which sustainability considerations are required at all life cycle stages. The 
sustainability questions encompassed a wide range of topics suggesting that a 
multidimensional approach could be useful to generate ideas about sustainability. 
Furthermore, the lists of versatile sustainability questions, as well as the selection of 
different methods and tools, indicate that multiple tools are necessary for measuring, 
indicating, and managing sustainability issues. Many of the collected sustainability 
questions apply to bioenergy chains in general and are, therefore, not exclusive to the 
biobutanol chain in the Brazil and EU conditions. This study was conducted 
predominantly from the Finnish bioenergy business operators’ perspective. Thus, other 
international bioenergy operators could raise more sustainability questions from 
alternative perspectives in further studies. Advanced conclusions about the maturity level 
of the Finnish bioenergy business cannot be drawn from the results. 

The profitability orientation 

Economic feasibility studies and calculations can be considered to represent valid 
methods by which profitable biobutanol business in the local societal and environmental 
conditions can be achieved. Figure 5 presents a summary of sustainability questions and 
themes for which the economic feasibility could be calculated to ensure profitability. The 
sustainability questions in Figure 5 include all the applicable sustainability questions that 
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were generated during Workshop 2 and divided according to the themes. The extra 
themes come from the discussions that took place in the other workshops. 

 

 
 

Figure 5. Sustainability questions and themes related to the objective of profitability of 
biobutanol business and the method of economic feasibility studies and calculations 

 
Legislation and economic steering were emphasised in the economic feasibility 

studies. This emphasis implies that the profitability of biobutanol business could depend 
on legislative steering and political goals. Thus, in addition to the responsibility for 
sustainability, the economic feasibility could be shifted to societal legislative systems. 
The other sustainability questions concentrate on technical aspects of the production 
process. The maturity level of economic feasibility studies is relevant in all stages of 
product maturity from planning investments to expanding an existing business. The 
answers to the sustainability questions consist of highly quantitative information and 
numerical indicators. 

A further method by which the business economy can be improved is through the 
application of different efficiency measures that, from a business perspective, primarily 
lead to cost savings and secondarily to other environmental and societal benefits. Thus, 
the business economy is seen as the endpoint of the impact pathway of the efficiency 
measures. Figure 6 presents the themes of efficiency measures, efficiency objectives and 
a selection of methods and tools that could be utilised to improve efficiency as a means 
of cutting costs. 

Efficiency measures could be most relevant at the product maturity stage, in which 
the bioenergy operations are already running. Efficiency measures could improve 
economic and environmental performance, and this level of maturity includes 
environmental assessment methods.  

Sustainability questions originating purely from business economic efficiency 
objectives and footprint reduction objectives that lead to win-win situations for the 
business economy and different stakeholders were difficult to distinguish. However, the 
questions could be answered from either a business economic or eco-efficiency 
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perspective. To define the cost-cutting objectives, information about the current situation 
needs to be collected. For example, a simple numerical answer is required to answer the 
question about how much land the delivery and storage of biobutanol require. The 
sustainability questions could also be drivers for taking efficiency measures; for example, 
understanding the extent to which sugarcane cultivation competes with food production 
for land area would provide insights into the business economic risk related to the demand 
and valuation of land area.  

Cost-cutting opportunities can be identified from a variety of different perspectives. 
For example, the sustainability questions about water in the cultivation life cycle stage 
included questions about whether irrigation is necessary, which water resources are used 
for irrigation, whether surface water or groundwater use can be reduced, and whether the 
water resources are temporally or spatially distributed. The water costs could be 
eliminated if precipitation provides enough irrigation water; if not, costs could potentially 
be decreased by comparing water sources. The temporal and spatial distribution of water 
could put a continuous water supply at risk, which could lead to production disruptions 
at any stage of the life cycle and represent a financial risk if not taken into consideration. 
Whether the objectives are reached can best be verified through quantitative data and 
numerical indicators; however, the calculations also require background data about 
process optimisation and the principles of environmental efficiency. 

 

 
 

Figure 6. Efficiency themes, objectives to cut costs, methods and tools 

The acceptability orientation 

Figure 7 shows two different stances, reactive and proactive, to legislative 
requirements, examples of subject areas of legislative requirements, and a selection of 
methods and tools that could be utilised in the management of the requirements. 

Both reactive and proactive stances to legislative requirements were discussed during 
the workshops. This study did not address the question as to whether a reactive approach 
in some sub-areas of sustainability, such as legislative or stakeholder requirements, would 
be sufficient while other areas required a proactive approach.  
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Figure 7. Stances to legislative requirements, their objectives, methods and tools 
 

To some extent, the workshop participants seemed to emphasise the role of political 
targets and legislative steering in the promotion of the sustainability of bioenergy systems 
and bioenergy business; i.e., shifting the responsibility for sustainability to societal 
systems instead of taking intrinsically motivated responsibility for sustainability. They 
mentioned taxes and subsidies as important steering instruments at the energy system 
level and sustainability criteria at the level of improving existing bioenergy chains. 
Furthermore, the workshop participants emphasised the aspect of lobbying and 
influencing legislation to avoid unwanted requirements and impacts on the industry. 
Many organisations, however, lack sufficient resources.  

Although the workshop participants seemed to shift the responsibility for 
sustainability to legislative systems to some extent, an alternative perspective arose. The 
workshop participants did not perceive stringent legislation as favourable because it 
restricts business opportunities and opportunities for creativity, the latter of which is 
particularly important at the level of sustainability excellence. The same notion applies 
to the quantity of legislation. The workshop participants considered “extensive 
bureaucracy”, “over regulation” and the “jungle of regulations” as burdensome, even 
suppressing, for the bioenergy business. Some participants were also concerned about the 
limited scope of the current sustainability criteria that possibly leads to sub-optimisation 
instead of holistic optimisation. However, over regulation could lead to problematic 
conflicting legislative requirements. Conflicts in the requirements of different interest 
groups are, of course, inevitable. Furthermore, local conditions in EU countries, national 
interpretations of the EU-level directives, and national differences in the level of 
compliance monitoring, were considered to represent EU-level challenges.  

No business can avoid the burden of verification of legislative compliance; legislation 
is essential at any stage of product maturity. It requires ensuring constant compliance 
with the current legislative requirements and following their development. The 
sustainability questions concentrated on achieving sustainability through compliance 
with legislation (Does sugarcane comply with sustainability criteria?), identifying 
legislative risks from developing legislation (Is the EU planning distribution targets for 
biofuels for 2020?) and risks from non-compliance to business (Are the local authorities 
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authorised to lease the land?). The impact of legislation on biobutanol operations can be 
significant in the multitude of regulated operations. Figure 7 shows a minor part of all 
applicable legislation. To distinguish all legislation-related sustainability questions, an 
extensive review of legislation would be necessary. For example, the questions depicted 
the large variety of monitoring requirements set by, for example, the environmental 
permit. The answers to the sustainability questions would require both quantitative and 
qualitative indicators. 

Figure 8 shows the two stances, reactive and proactive, to customer requirements, 
examples of the subject areas of customer requirements, and a selection of methods and 
tools that could be utilised. Customers are used as an example of a stakeholder group. 

 

 
 

Figure 8. Stances to customer requirements, their objectives, methods and tools 
 

Sustainability questions related to the maturity level of responding to enquiries from 
stakeholders showed a large variety (see appendix). Stakeholder requirements could be 
relevant at all stages of product maturity. The level is closely linked to the level of 
creating value for multiple stakeholders, although company activity at this level depends 
on the activity of enquiries by stakeholders. For example, the requirements of non-human 
stakeholders could be included only at the more mature level of creating value for 
multiple stakeholders. 

Compliance with standard requirements could serve as a tool to encourage 
compliance with customer requirements and expectations (e.g., fuel quality standards) 
and proactively enhance acceptance among a wider stakeholder base (e.g., ISO 26000 
Guidance on Social Responsibility). Voluntary standards could be used quite similarly to 
legislation since they include requirements and criteria, such as the sustainability criteria 
outlined in the ISO 13065. The workshop participants advocated for a verification of the 
suitability of certificates for legislative purposes. Company representatives recognised 
the need to influence standards respectively as they would influence legislation. The 
workshop participants mentioned the possibility that demonstrating compliance with 
legislation could be sufficient for some stakeholders, such as customers and non-
governmental organisations. However, the possibility that exceeding the legislative 
requirements and standards may benefit sales was acknowledged. 

The profitability and acceptability orientations were somewhat easier to characterise 
than the more mature levels. Because solely profitability- and acceptability-related 
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activities are part of everyday business operations, retaining these well-known activities 
in the model of the maturity of corporate responsibility for sustainability could help 
companies initiate more advanced sustainability activities on common, solid ground. 

The profitability-acceptability orientation: creating value for multiple stakeholders 

The level of value creation for multiple stakeholders in the maturity model (Figure 3) 
was intertwined with the level of efficiency measures in the profitability orientation and 
the level of responding to stakeholder enquiries in the acceptability orientation. The 
division of sustainability questions originating purely from business economic efficiency 
targets and footprint reduction targets leading to win-win situations for the company 
economy and different stakeholders was ambiguous. Furthermore, the stage of creating 
value for multiple stakeholders could include the proactive stance to stakeholder 
requirements. The extent to which it was difficult to distinguish the levels may also 
indicate that as the bioenergy operators’ maturity in corporate responsibility for 
sustainability grows, the profitability and acceptability orientations tend to converge, as 
suggested in the maturity model (Figure 3).  

When the stakeholders are considered broadly to include non-human stakeholders, 
and the bioenergy operator proactively considers stakeholder expectations, i.e., 
requirements that the stakeholders have not yet stated (or have yet to conceive) in relation 
to the bioenergy system, the division between the profitability-acceptability orientation 
and the sustainability orientation becomes blurred. Fundamentally, there would be no 
better way to proactively approach those stakeholder expectations than to aim at safe and 
just bioenergy operations within the limits set by the environmental boundaries and social 
foundation for human health, dignity and well-being. Therefore, such an approach would 
be necessary at all stages of product maturity. 

A further link could be found at the level of legislative requirements. In areas of 
stricter legislation, certain legislative requirements represent sustainability-as-usual for 
the bioenergy business. However, in areas of less strict legislation, more depends on the 
willingness of the business operator to create value for multiple stakeholders; for 
example, by setting environmental quality standards. Legislative sustainability criteria 
could contribute to the mindset and ability of the bioenergy business to operate at the 
highest maturity levels of corporate responsibility for sustainability. 

Although linking the sustainability questions from Workshop 2 with underlying 
sustainability objectives and methods was not straightforward, intentions of value 
creation to multiple stakeholders could be distinguished. Although the impact pathway 
and value network are complicated, at a minimum, they include the common areas of 
protection, natural environment quality, natural resources, man-made environment, 
human health, and human dignity and well-being as endpoints together with the business 
economy. The difference between value creation for multiple stakeholders and 
profitability-oriented efficiency measures is that the primary endpoint is not merely 
business economy. Figure 9 presents examples of stakeholder groups, measures of value 
creation for the stakeholders, and a selection of methods and tools that could be utilised 
at this level. 

The sustainability questions often considered the negative value creation of the 
bioenergy operations; i.e., negative impacts to the environment and decreasing the 
opportunities for stakeholders. These questions could be as relevant as those of positive 
value creation in determining the extent to which the operations are acceptable, if a 
reduction in a certain value is inevitable. The level, thus, includes both value creation and 
value retention. One challenge associated with approaching sustainability from the 
stakeholders’ perspective is that the subjective values of stakeholders (both human and 
non-human) could be in conflict. Therefore, creating value for a stakeholder could lead 
to the deprivation of another stakeholder: win-win situations between the bioenergy 
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business and a stakeholder could transpire to be win-win-lose situations when other 
stakeholders are considered. Measuring the value that can be either quantitative or 
qualitative and perceived differently by different stakeholders is a methodological 
challenge. 

 

 
 

Figure 9. Multiple stakeholders, objectives that lead to value creation, methods and tools 
 

The following paragraphs present answers to some sustainability questions at the 
value creation level. Machado et al. [51] concluded that the presence of sugarcane ethanol 
(butanol) production processes tend to improve local development as measured by 
illiteracy rate, Human Development Index, Theil Index (income inequality), percentage 
of poor people, connection to the grid and sewer system, child mortality, and life 
expectancy. Thus, bioenergy business operators could have a positive impact on these 
sustainability aspects in the long term. To answer the question as to whether additional 
education of employees is necessary, Herreras Martinez et al. [52] concluded in their 
study on the scenarios of sugarcane-ethanol production in Northeast Brazil that sugarcane 
operations are a significant local employer. Thus, in the event new major regional 



Journal of Sustainable Development of Energy, Water  

and Environment Systems 

Year 2017 

Volume 5, Issue 2, pp 240-272  
 

256 

sugarcane operations are created, the additional education of a potentially low-qualified 
labour force by initiating or boosting educational programs, for example, is likely to be 
necessary.  

When investigating the water consumption associated with sugarcane cultivation, 
Filoso et al. [30] found that land use changes in the Cerrado region could increase 
evapotranspiration rates and, thereby, potentially increase the groundwater consumption 
for irrigation of sugarcane. This would result in groundwater scarcity, which could be a 
significant risk for the sustainability of Cerrado-based biobutanol business and cause 
value retention. The question as to whether biodiversity decreases due to the sugarcane 
cultivation is related to either the level of legislative compliance or value creation. When 
investigating this, Filoso et al. [30] concluded that the expansion of sugarcane cultivation 
to regions of Cerrado threatens the biodiversity and ecosystems in the area, which has 
already lost over half of its natural vegetation over the course of the past 20 years [30]. 
Legally, further land use change is possible, though the Brazilian Forest Code regulates 
the agricultural expansion by protecting 35% of native vegetation in private properties 
[30]. From the perspective of planetary boundaries, the loss of biodiversity is a high risk 
[43]. Literature (see e.g., [30]) further confirms the importance of the questions on the 
potential deterioration of water quality due to sugarcane butanol production processes. 
Thus, business operators should be aware of the effects of, for example, their pesticide 
and fertiliser loading [30]. When investigating whether land use change from pastureland 
to sugarcane cropland decreases or increases carbon stock in Cerrado, Mello et al. [53] 
concluded that the carbon stock is lower in Cerrado sugarcane cropland than pastureland 
or natural vegetation. 

The sustainability orientation and the approach for a sustainability-oriented 

bioenergy business 

In summary, bioenergy companies’ conception of the quantity of components of the 
bioenergy system expands as their maturity of corporate responsibility for sustainability 
develops. In the sustainability orientation, the sustainability challenges of the whole 
bioenergy system, both the bioenergy production chain and the operational environment, 
are studied in parallel. The following list provides a high-level overview of the extent of 
systemic thinking that the bioenergy operators need to possess, and the systemic 
components that the bioenergy operators need to explore to be able to operate at the most 
mature level of corporate responsibility of sustainability. The components may interact 
through direct and indirect material and energy inputs and outputs, monetary flows, and 
information exchange and human capital flows, of which the indirect flows would require 
system expansion: 

• Identification of life cycle stages and operators and description of the unit 
processes; 

• Description of the operational environment at each life cycle stage; 
• Acquisition of a general understanding of the planetary boundaries and human 

needs; 
• Identification of the factors in the operational environment that have the potential 

to contribute to global sustainable development in the areas of the planetary 
boundaries; 

• Identification of how the bioenergy system (operators and processes) contributes 
to the factors in the operational environment that have the potential to contribute 
to the global sustainable development in the areas of the planetary boundaries; 

• Identification of the challenges and opportunities inherent in the ecosystem and 
society conditions in the operational environment that contribute to fulfilling local 
human needs; 
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• Identification of how the bioenergy system (operators and processes) contributes 
to the challenges and opportunities that arise within the ecosystem and society 
conditions the operational environment that contribute to fulfilling local human 
needs; 

• Identification of stakeholders, their requirements and expectations; 
• Identification of the impacts bioenergy processes or the conduct of bioenergy 

operators have on different stakeholders, identified, for example, through 
indicators; 

• Identification of the impacts different stakeholders have on the bioenergy 
processes or the conduct of bioenergy operators. 

Formulating the contributions to sustainability that are outlined above in the form of 
questions could help bioenergy operators to identify sustainability issues because asking 
questions might be easier than forming statements. The questions might further 
encourage operators to identify solutions and the information required to identify the 
sustainable answer. Finding suitable methods and tools to answer the sustainability 
questions is important. Questions about the factors that contribute to planetary boundaries 
or human needs could require the collection of background information, for example, 
indicator values, and the questions about the opportunities for bioenergy services to 
contribute to these questions could require deeper analysis, knowledge and wisdom to 
answer. As discussed in the workshops, the bioenergy systems should operate in 
symbiosis with the operational environment. 

The following examples represent information about the Brazilian contribution to 
planetary boundaries in the context of the case study. A factor that contributes to the 
global sustainable development in the subject areas of the planetary boundaries, namely 
climate change and biodiversity, is land use change. Land use change in tropical forests 
can release significant amounts of carbon dioxide into the atmosphere, thus influencing 
the climate [54]. Between 2005 and 2009, Brazil, however, decreased the deforestation 
of the Amazon rainforest by 36% of its historical levels [54] and 70% during the past 
decade [55]. The Cerrado area is classified as one of the most threatened ecosystems in 
the world [30]. The area has lost over half of its natural vegetation over the course of the 
past 20 years [30]. Agricultural expansion, in particular, poses a significant threat to the 
area and its biodiversity [30]. 

Furthermore, the challenges and opportunities that are inherent in the ecosystems and 
the social conditions that impact the fulfilment of human needs in the Brazilian 
operational environment can be identified. The UN has estimated that the population will 
grow from 195 million in 2010 to 231 million in 2050 [56]. The Brazilian constitutional 
right to electricity cannot be guaranteed [57]. The rural electrification program aims to 
improve access to electricity in the rural areas [58]. Furthermore, the risk of power 
failures is relatively high at 20% [56]. The failures occur among various social groups, 
as well as industries, for different reasons [57]. On hot summer days, the energy 
consumption of cooling devices sharply increases electricity consumption [59]. 
Bioenergy operators could, thus, consider whether they are able to contribute to 
increasing the reliability of the distribution of electricity. As a factor that influences 
quality of life, child labour has decreased in Brazil [60]. The majority of child labour that 
is in use in Brazil is employed agriculture [60]. Because children do not need to do adults’ 
work, i.e. child labour should be avoided, the biofuel producer needs to be aware of the 
risk of contributing to an increase in child labour and the opportunity to decrease child 
labour. 

As providers of ecosystem services, bioenergy systems are in an interesting position 
as a link between the environmental boundaries and human needs [6]. The fulfilment of 
human needs, and consequently the well-being of humans, depends on ecosystem 
services [61]. Thus, the purpose of a bioenergy product, service and business can be 
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founded on fulfilling the basic human need for a tolerable living temperature, and 
fulfilling additional human needs through electricity and mobility. In modern societies, 
electricity, heating, cooling and transportation are standard services. Thus, the extent to 
which businesses can demonstrate maturity in corporate responsibility for sustainability 
through the creative provision of such services could be somewhat limited. Businesses 
that operate at a higher maturity level of corporate responsibility for sustainability should, 
however, recognise that bioenergy systems may also add value to local communities by 
simultaneously fulfilling higher human needs; for example, needs for activity and 
participation [49].  

Gasparatos et al. [7] stated that, although biofuels provide ecosystem services, they 
also compromise other ecosystem services. A commonly cited example is that of food. 
These trade-offs between ecosystem services are relevant in the assessment of the 
sustainability of bioenergy systems because the principle of sustainable development 
assumes that bioenergy operations should not deprive current and future generations of 
the possibility to fulfil their needs [62]. Another interesting question for mature bioenergy 
business could be the justification of bioenergy in the energy mix in comparison to other 
renewable or non-renewable energy forms since alternative energy options could 
similarly compromise ecosystem services. 

The above-listed approach suggests the inclusion of stakeholder requirements and 
expectations at the level of sustainability orientation, although literature also examines 
the contrary scenario. Sustainability can be considered a normative concept [63], which 
would advocate for the inclusion of a normative element in the approach. Furthermore, 
Arias-Maldonado [37] discussed how the concept of open sustainability comprises 
several subjective conceptions of sustainability that require democratic and open 
communications. Buchholz et al. [9] suggested a failure of bioenergy systems in the case 
of the deficient participation of stakeholders. Arias-Maldonado [37] compared closed 
sustainability with strong sustainability with regard to, for example, the non-
substitutability of natural capital and the insistence on systemic transformation. Thus, a 
slight controversy to the ideology of strong sustainability exists in the inclusion of 
stakeholder requirements. However, as discussed above, the sustainability orientation 
could possibly be characterised as a specific area of the profitability-acceptability 
orientation. In such a case the broad inclusion of stakeholders and their non-stated 
expectations is crucial within the approach. The identification of sustainability challenges 
and opportunities in the Brazilian context could help bioenergy business operators to 
formulate their value propositions [64], which is also related to the ideology of value 
creation. 

The sustainability questions at the more mature levels of corporate responsibility for 
sustainability had a system expansion perspective, i.e., the indirect consequences of 
measures directly linked to the bioenergy operations were considered. For example, 
“Does sugarcane cultivation force other land uses into more highly biodiverse land 
areas?”. The questions reached an ethical level, and included considerations of the 
acceptability of biofuel use in road transportation and its possible rebound effects 
(favouring cars due to the green image of biofuels) as well as the acceptability of 
biobutanol due to toxicity-induced health effects during production, for example. 

The tools or methods that could be employed at the highest maturity level remained 
quite vague, and the discussion primarily concerned extensive sustainability issues. A 
combination of several different methods and tools from the other maturity levels would 
be necessary. Applying system analytical perspectives to the sustainability of the 
bioenergy system should serve as a starting point, and parts of the bioenergy system could 
be studied using a variety of methods to produce, for example, indicators. 

Considering the sustainability questions especially in their own well-defined core 
processes might be of primary interest for bioenergy operators. However, at different 
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stages of the bioenergy chain, the extent of sustainability impacts and the power to change 
the impacts varies from operator to operator. The question remains; In practice, who is 
responsible for the sustainability of the bioenergy chain. Is it sufficient for the bioenergy 
operators to try to improve the state of the sustainability of their own core processes? Do 
small improvements make a difference in the context of the whole system? Or should 
operators define and concentrate on the major leverage points [9] of the whole system?  

Sustainability improvements require interactions between the various operators that 
exist in the supply chain and these have yet to be examined in detail. Furthermore, the 
roles of different operators and differences in their relevant local sustainability questions 
could be of interest.  

The workshop discussions motivated the question as to whether sustainability could 
be seen as a source of competitive advantage for businesses or whether true sustainability 
requires tighter cooperation between competing companies to solve shared sustainability 
challenges and problems. In that case, businesses with mature responsibility for 
sustainability would seek cooperation with competitors, which blurs the concept of 
business, capitalism, and competition. However, as biofuel business operators with a 
conventional profitability or acceptability orientation to sustainability would use, for 
example, their verified improvements in efficiency in their competition against rivals, a 
sustainability-oriented business operator could use knowledge about the extent to which 
the bioenergy business compromises human and planetary systems less than alternative 
services. 

CONCLUSIONS 

This study characterised the maturity levels of corporate responsibility for 
sustainability in the local bioenergy system context with regard to the types of questions 
and the types of tools and methods applicable at each level. The proposed maturity model 
seems suitable for the bioenergy business when a number of factors are taken into 
account. The maturity levels have a profitability and an acceptability orientation. These 
orientations tend to converge as a bioenergy operator’s sustainability strategies and 
activities mature, until the point at which the perspective shifts from business- and 
product-based sustainability management to the perspective of sustainability orientation 
and sustainability based business and product management. Through this process the 
conception of sustainability shifts from weak to strong sustainability. Different levels of 
the maturity of corporate responsibility for sustainability might be emphasised at different 
stages of product maturity. 

The shift from profitability-acceptability to sustainability orientation, and the types of 
sustainability questions, the answers to these questions and the applicable methods at the 
level of the mature sustainability orientation require more research. The sustainability 
orientation could possibly be characterised as a specific area of the profitability-
acceptability orientation. However, the research shows that bioenergy companies should 
develop their ability to enhance holistic and systemic thinking that incorporates the 
planetary boundaries, local environmental boundaries and social foundation together with 
the bioenergy processes. Bioenergy production could be justified if it contributes to the 
process by which the urgent environmental and human challenges in the local and global 
level can be addressed. The bioenergy business has the inherent sustainability advantage 
that it provides the ecosystem services that are vital for the fulfilment of basic human 
needs. However, consideration of sustainability in the local context of the bioenergy 
system presents numerous opportunities for bioenergy operators to reconsider their level 
of maturity of responsibility for sustainability. The shift from sustainability-as-usual to 
sustainability excellence does not exclude the need for bioenergy companies to consider 
the basic aspects of sustainability. The shift in perspective, however, raises more 
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extensive sustainability questions that require a combination of various methods to 
manage. 

The advantages of a more mature approach to corporate responsibility for 
sustainability include a broader spatial and temporal view of sustainability challenges and 
opportunities. As the bioenergy business strives for symbiosis with the micro-, meso- and 
macro-level operational environment, it establishes a firmer and indisputable foundation 
for business continuity in the long term.  
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APPENDIX 

The appendix divides the local sustainability questions according to the 
corresponding levels in the model of the maturity of corporate responsibility for 
sustainability. The profitability orientation has two levels: economic feasibility studies 
and efficiency measures, the acceptability orientation has two levels: compliance with 
legislative requirements and responding to enquiries from stakeholders, the profitability-
acceptability orientation has one level: creating value to multiple stakeholders and the 
sustainability orientation has one level: responding to urgent planetary and human 
sustainability challenges or opportunities through bioenergy solutions. 

THE PROFITABILITY ORIENTATION 

Economic feasibility studies 

The following list presents examples of the local sustainability questions related to 
economic feasibility studies per life cycle stage of biobutanol that were discussed in 
Workshop 2.  

Cultivation of sugarcane: 
• Does the RED contain such conditions for the renewal rate of raw material that 

they could benefit the economic feasibility of operations? 
• How does local legislation affect the economic feasibility of operations? 
• Are such investments subsidised? 
• Is there infrastructure, such as roads, in the area? 
Processing of sugarcane and biobutanol: 
• Is it feasible for the refinery to use sugarcane as a raw material of biobutanol? 
• What is the necessary amount of subsidies for investment? 
Delivery and storage of biobutanol: 
• How do the requirements related to importing butanol into the EU area affect 

economic feasibility? 
• Could biobutanol production increase an oil company’s profits? 
• Are economic subsidies available for investments in the biobutanol distribution 

network? 
Use of biobutanol as transportation fuel: 
• How do the current (10% by 2020) and future (max. 5% produced from food 

crops) requirements of the RED affect economic feasibility? 
• How do the RED requirements on greenhouse gas emission reduction affect 

economic feasibility? 
• How does the development of fuel taxation affect the economic feasibility of 

biobutanol? 
• How do subsidies affect the selection of the process/technology or end-product? 
• How much does the end-product need to be subsidised before its production is 

economically feasible? 
Sustainability questions originating purely from business economic efficiency 

objectives and footprint reduction objectives that lead to win-win situations for the 
business economy and different stakeholders were difficult to distinguish. Therefore, they 
are considered collectively below in “The profitability-acceptability orientation”. 

THE ACCEPTABILITY ORIENTATION 

Compliance with legislative requirements 

The following list presents examples of local sustainability questions related to 
legislative requirements per life cycle stage of biobutanol that were discussed in 
Workshop 2. 
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Cultivation of sugarcane: 
• Does sugarcane comply with the sustainability criteria? 
• Does land use change decrease or increase carbon stock?  
• Does the RED contain conditions for the renewal rate of raw material that they 

could benefit the economic feasibility of operations? 
• Does the RED contain a default value for butanol? 
• How would an indirect land use change coefficient affect the greenhouse gas 

calculation of the 1st generation biofuels according to the RED? 
• How does local legislation affect the economic feasibility of operations? 
• Do losses of carbon stock occur as a result of the utilisation of new production 

areas?  
• Do the operations decrease the quality of local water resources? 
• Do the operations decrease the quality of the soil that is available for agriculture? 
• Does the necessary transportation infrastructure decrease air quality? 
• Does biodiversity decrease due to sugarcane cultivation?   
• Do fertilisers and pesticides decrease environmental quality, e.g., by causing 

eutrophication or toxicity impacts? 
• What greenhouse gas emissions result from land use change? 
• How can information for greenhouse gas calculations be collected from the whole 

chain? 
• Are the local authorities authorised to lease the land? 
• Are human rights respected in the harvesting chain? 
• Does chemical use cause health impacts? 
Processing of sugarcane and biobutanol: 
• Is the best available technology utilised in production? 
• What air emissions does the process generate? 
• Do the operations deteriorate local air quality? 
• Does the increasing transportation deteriorate air quality? 
• Which water emissions does the process generate? 
• Do the operations deteriorate local water quality? 
• Which soil emissions does the process generate? 
• Do the operations deteriorate the quality of soil suitable for agriculture? 
• Can emissions be prevented? 
• Has occupational safety been taken into account? 
Delivery and storage of biobutanol: 
• How do requirements related to the importation of butanol to the EU area affect 

economic feasibility? 
• What emissions does transportation cause? 
• Can emissions be prevented? 
• Do distribution points deteriorate local air quality?  
• Do distribution points or storage put local water resources at risk? 
• Does the distribution network include operations that are hazardous to health? 
• Can the toxic butanol be delivered safely? 
• How can butanol leakages during transportation be prevented? 
• Is butanol explosive? 
• Are there occupational safety risks due to leakages or accidents? 
• Does the distribution network incur a risk of fire or explosion? 
Use of biobutanol as transportation fuel: 
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• Does the use of biobutanol decrease greenhouse gas emissions in comparison to 
the use of fossil fuels? 

• What are the restrictions of the EU ILUC Directive for 1st generation biofuels? 
• How do the current (10% by 2020) and future (max. 5% produced from food 

crops) requirements of the RED affect economic feasibility?  
• How do the RED requirements on greenhouse gas emission reduction affect 

economic feasibility?  
• What kind of positive impacts do EU sustainability criteria have on the production 

chain?  
• Is the EU planning distribution targets of biofuels for 2020? 
• Can separate legislation be expected for food-based and new generation raw 

materials or fuels derived from them? 
• Does the use generate heavy metal emissions? 
• Does the use generate emissions of particulates? 
• What kind of problems do emissions from transport cause? 
• Does biobutanol increase emissions in proximity to the use?  
• How does the toxicity of butanol leakages impact the environment and where do 

the leakages transport? 
• Do fuel distribution stations cause risks for ground water? 
• Do fuel distribution stations or the use of the fuel cause emissions that are 

hazardous to health? 
• Does the use of biobutanol as a transport fuel incur a risk of fire or explosion? 

Responding to enquiries from stakeholders 

The following list presents examples of local sustainability questions related to 
stakeholder enquiries and requirements per life cycle stage of biobutanol that were 
discussed in Workshop 2. 

Cultivation of sugarcane: 
• What kind of standardisation systems exist for sugarcane?  
• Can raw material production be certified? 
• Does certification help to develop sustainability at the first stages of the biofuel 

chain? 
• Does the production process include stages that are hazardous for health? 
• Has the safety of harvesting and cultivation been taken care of? 
• Does the work include risks of accidents? 
• Are there occupational health risks related to ergonomics? 
• Does local fauna cause occupational health risks? 
• What kind of contracts of employment do farmers have and with whom?  
• Have the rights of indigenous people been taken into account? 
• Is ethical use of labour force ensured? 
• Is child labour utilised? 
• Is the livelihood of local people secured? 
• Does chemical use cause health impacts? 
• Does the work include mental risks? 
• What kind of problems do hot working conditions cause? 
• Is it feasible from local residents’ perspective to use sugarcane for biobutanol 

production? 
• Does the sugarcane production influence the livelihood of local residents?   
Processing of sugarcane and biobutanol: 
• Are there standards and are operations in accordance with them? 
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• Has occupational safety been taken into account? 
• Does the production process include stages that are hazardous for health? 
• Does the production process include stages that are hazardous? 
• What kind of occupational safety challenges does the toxicity of butanol cause? 
• Is more research on social impacts necessary? 
• What is the local opinion of a large production plant? 
Delivery and storage of biobutanol: 
• Is the fuel certifiable? 
• How can butanol leakages during transportation be prevented? 
• Are there occupational safety risks due to leakages or accidents? 
• Does the construction or use of the distribution network include hazardous stages? 
Use of biobutanol as transportation fuel: 
• Is the EU planning distribution targets of biofuels for 2020? 
• Can separate legislation be expected for food-based and new generation raw 

materials or fuels derived from them? 
• Does the use generate heavy metal emissions? 
• Does the use generate emissions of particulates? 
• Does the use cause risk of fire or explosion? 
• What problems could occur at fuel distribution stations and are they avoidable? 

THE PROFITABILITY-ACCEPTABILITY ORIENTATION 

Efficiency measures to cut costs and to protect the environmental or human systems 

Sustainability questions originating purely from business economic efficiency 
objectives and footprint reduction objectives that lead to win-win situations for the 
business economy and different stakeholders were difficult to distinguish. Therefore, they 
are considered collectively in this section. The following list presents examples of local 
sustainability questions related to efficiency measures and footprint reduction per life 
cycle stage of biobutanol that were discussed in Workshop 2.  

Cultivation of sugarcane: 
• Does energy sugarcane cultivation compete with food production for land area? 
• Is the utilisation of poorer quality sugar possible? 
• Are there waste materials suitable for utilisation in the area? 
• Are there by-products suitable for utilisation in the area? 
• Are there alternative raw materials in the area? 
• Are there seasonal variations in sugarcane yields and are they foreseeable and 

manageable? 
• Can sugarcane yield per area be increased? 
• Are phosphorus resources sufficient? 
• Can energy production based on fossil fuels be decreased? 
• Can surface or ground water use be decreased? 
• Can chemical consumption be decreased? 
• Can waste production be decreased? 
• Can the efficiency of the process and equipment be increased? 
• Can by-products be recycled? 
• Which harvesting technology is used (manual or mechanical)? 
• What is the water consumption of the process? 
• Is crop rotation necessary? 
• Can surface or ground water use be decreased? 
• Is water temporally or spatially distributed? 
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• Is irrigation necessary? 
• Which water resources are used for irrigation? 
• Can fertiliser use be decreased? 
• Can pesticide use be decreased? 
• Does increasing transport increase congestion? 
• How much does transport increase accidents? 
Processing of sugarcane and biobutanol: 
• Can surface or ground water use be decreased? 
• Can chemical consumption be decreased? 
• The technology is not optimal yet; is additional development needed before 

utilising it?  
• Can by-products be recycled? 
• Can the acetone be refined into other products? 
• What is the energy efficiency of the whole chain? 
• Could the process be energy self-sufficient? 
• Can the efficiency of the process and equipment be increased? 
• Could heat be recovered? 
• Can by-products be recycled? 
• Does the process consume a large amount of water?  
• Does the construction of housing for employees result in the consumption of 

natural resources?  
• Does increasing transport increase congestion? 
• How much does the transport increase accidents? 
Delivery and storage of biobutanol: 
• Is water consumed? 
• How much land do delivery and storage require? 
• Could delivery vehicles be utilised for transportation of other productive goods, 

e.g., on their way back from the coast?  
• What is the most feasible method of transportation: pipelines or trucks and 

tankers?  
• Is the implementation of logistics reasonable (economically and regarding 

emissions)? 
Use of biobutanol as transportation fuel: 
• How much gasoline needs to be blended with biobutanol before the fuel blend can 

be used in a gasoline engine? Does biobutanol use cause problems in engines? 
• What is the real blend wall? 

Creating value for multiple stakeholders 

The following list presents examples of local sustainability questions related to value 
creation for stakeholders per life cycle stage of biobutanol that were discussed in 
Workshop 2. 

Cultivation of sugarcane: 
• Does energy sugarcane cultivation compete with food production for land area? 
• Sugar is food; is sugarcane use for energy acceptable?  
• Is the utilisation of poorer quality sugar possible?  
• Do losses of carbon stock occur due to the utilisation of new production areas?  
• Does the establishment of the sugarcane cultivation area decrease opportunities 

for local species to find food, water, roaming space, or shelter? 
• Can ecological corridors increase biodiversity? 
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• Do fertilisers and pesticides decrease environmental quality e.g. by causing 
eutrophication or toxicity impacts? 

• Do pesticides cause problems and how toxic are they? 
• Do the operations spoil the landscape? 
• Could new infrastructure benefit the local community?  
• Are the cattle farmers forced to move? 
• Are all (potential) uses of the area known? 
• What problems does the relocation of labour force cause? 
• Is education available for farmers (literacy and numeracy)? 
• Is the livelihood of local people secured? 
• Does chemical use have health impacts? 
• Does the work include mental risks? 
• What kind of problems do hot working conditions cause? 
• Is it feasible to use sugarcane for biobutanol production from local residents’ 

perspective? 
• Does the sugarcane production influence the livelihood of local residents?   
• Does the sugarcane harvesting stage generate employment opportunities for local 

people? 
• Are local people suitable for the work? 
• Are housing, other infrastructure, and services available for employees and their 

families in the area or at a reasonable distance? 
• Is the additional education of the employees necessary? 
Processing of sugarcane and biobutanol: 
• Can surplus electricity from the process be fed into the local electrical network? 
• Can energy production based on fossil fuels be reduced? 
• Are there more sustainable refining technologies that aim at the same end product 

and end use? 
• Can the production technologies be developed to be more ecologically  

sustainable? 
• Do the operations spoil the landscape? 
• Do the operations create new jobs in the area? 
• Are jobs part-time or full-time? 
• Do the new jobs replace other jobs? 
• Where is the labour force available? 
• Do the employees have social security (health care, kindergartens, water, and 

food)? 
• How does the new production plant affect prices?  
• How many jobs are created? 
• Does sugarcane production influence the livelihood of local residents?   
• Are local people suitable for the work? 
• Are housing, other infrastructure, and services available for employees and their 

families in the area or at a reasonable distance? 
• Is the additional education of the employees necessary?  
• How is the tax revenue to the state affected? 
Delivery and storage of biobutanol: 
• Could new business be developed around by-products? 
• Are fossil fuels utilised in transportation? 
• How can butanol leakages during transportation be prevented? 
• What are the impacts of toxic leakages on the whole chain? 
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• Does the distribution network spoil the landscape? 
• What are the impacts on the development of the area? 
• Are secondary jobs increased? 
• Does the distribution network cause a risk of fire or explosion?  
• How is the tax revenue to the state affected? 
• How many jobs are created? 
• What is the regional value added? 
Use of biobutanol as a transportation fuel: 
• What kind of positive impacts do EU sustainability criteria have on the production 

chain?  
• What emissions affect the environment in proximity to the use? 
• Does the use generate heavy metal emissions? 
• Does the use generate emissions of particulates? 
• What kind of problems do emissions from transport cause? 
• How does the toxicity of butanol leakages impact the environment and where do 

the leakages transport? 
• Is consumer use of biobutanol subsidised? 
• How is the tax revenue to the state affected? 
• How many jobs are created? 

THE SUSTAINABILITY ORIENTATION 

Responding to urgent sustainability challenges through bioenergy solutions 

The following list presents examples of local sustainability questions related to 
sustainability excellence per life cycle stage of biobutanol that were discussed in 
Workshop 2. 

Cultivation of sugarcane: 
• Are there more sustainable alternative uses for sugarcane? 
• Does sugarcane cultivation force other land uses into more highly biodiverse land 

areas? 
• Does pasture move elsewhere causing biodiversity risks? 
• Is biodiversity linked with pasture? 
Processing of sugarcane and biobutanol: 
• Can surplus electricity from the process be fed into the local electrical network? 
• Is the ABE process a reasonable choice as it includes large amounts of acetone?  
• Would ethanol production be a more feasible choice than butanol production? 
• What is the yield of butanol in comparison to the yield of ethanol? 
Delivery and storage of biobutanol: 
• What are the challenges of green leakage from Brazil to Europe? 
• Why not produce ethanol for the Brazil domestic market instead of butanol for the 

European market? 
• Could new business be developed around by-products? 
• Is this business reasonable in the first place, regarding the toxicity of the end 

product? 
• What role does the exportation of butanol play in Brazil’s economy? 
Use of biobutanol as transportation fuel: 
• How much does the use of biobutanol decrease the use of fossil energy resources? 
• How much can biobutanol production be sustainably increased?  
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• Does the availability of biobutanol increase the popularity of cars and road 
transportation and their negative impacts if biobutanol has an ecological (”green”) 
image? 

• Is food as raw material problematic?  
• What are the benefits of a higher calorific value? 
• Does biobutanol have other uses?  
• Why not use electric cars? 
• How much energy is used during the life cycle in relation to the energy content of 

the end-product? 
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Abstract: Businesses employ different strategies to manage legislative 
requirements; however, there is little science-based understanding of the 
strategies that are in use. This study introduces a general legislation maturity 
model for businesses that includes company profiles, strategies and activity 
levels in relation to legislative requirements. Four strategies, namely defensive, 
adaptive, proactive and lead, are described through a case study of legislative 
sustainability requirements for biofuels in the EU that are organised according 
to their urgency and validity to biofuel producers, and the associated activity 
levels. This model will help managers to identify the strategies they employ, 
more systematically select strategies, understand the spatial and temporal 
scales and more efficiently allocate legislation management resources. The 
legislation maturity profiles, strategies, activities and urgency-validity 
framework are applicable in other industries.  

Keywords: biofuels; business; sustainability; EU; legislation; Renewable 
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strategy. 
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1 Introduction 

Complying with legislation is a prerequisite for any business; as such, legislation-related 
activities should form the backbone of everyday business operations. Non-compliance 
puts business continuity at risk and compliance with legislation represents the first step 
towards sustainable business (Baumgartner, 2009; Baumgartner and Ebner, 2010; Fava, 
2014).  

Legislation is dynamic and interactive in nature and requires frequent managerial 
attention and action. The regulatory and administrative burden that is placed on 
contemporary businesses is frequently discussed by representatives of the European 
Union (EU) (COM(2014) 368 final). The EU (including the European Parliament, the 
European Council, the Council of the European Union and the European Commission) 
gives a large number of legislative acts, (regulations, directives and decisions) every 
year. For example, between 1990 and 2016 the EU has given an average of 2480 basic 
legislative acts and 676 legislative amending acts per year (EUR-Lex, 2017a). The onus 
is placed on the business operator to screen these acts and identify those that apply to 
their operations or industry. 

Businesses that aim to be sustainable in the EU market from a legislative perspective 
are required to operate at different regulatory and temporal levels. To ensure compliance 
with applicable legislative requirements, businesses are expected to follow legislation 
both at the EU and Member State level. Furthermore, although the EU-level legislation 
largely aims to harmonise legislation between the Member States, various interpretations 
and practices arise (COM(2014) 368 final). To identify opportunities to influence 
forthcoming legislation, businesses need to keep abreast of many publications and 
developments including, for example, preparatory documents, preparation processes, 
international agreements, legislative processes, authorities and procedures for verifying 
compliance.  

In recent years, EU legislation has increasingly focused on sustainability, which was 
traditionally managed at company level; for example, through voluntary standardisation 
and certification systems that stakeholders typically demand. The implementation of  
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Directive 2009/28/EC on renewable energy sources (RED) has had a direct impact on the 
bioenergy sector. It includes mandatory sustainability criteria for bioliquids for all energy 
purposes and liquid and gaseous biofuels for transport. Furthermore, the proposal for an 
amended RED (RED II), which was published in November 2016, recommends that the 
sustainability and greenhouse gas saving criteria outlined in RED are extended to all 
biofuels regardless of their form (liquid, gaseous, solid) or end-use (COM(2016) 767 
final).  

Company approaches to the management of legislative requirements are rarely 
examined in scientific literature. Establishing a systematic legislation management 
approach is essential to managing all dimensions of legislative compliance. This paper 
presents an in-depth exploration of the dimensions of legislative compliance from a 
managerial perspective using the EU sustainability requirements for biofuels as a case 
study. This study is based on the following research question and objective. 

Research question: What strategies do biofuel producers employ to ensure compliance 
with legislative sustainability requirements in the EU? 

Objective: To systematically classify and analyse the strategies biofuel producers use to 
ensure compliance with EU legislative requirements that relate to the sustainability of 
biofuels. 

This theoretical study employs a qualitative research approach. The study classifies 
legislation management strategies, explores the dimensions of compliance with 
legislation and establishes a legislation maturity model based on previous literature. The 
study reviews relevant legislative documents related to the sustainability requirements for 
biofuels in the EU and analyses their relationship with different compliance strategies.  

It is anticipated that the results of this study will help managers to assess the 
strategies that are in use, to more systematically select strategies, to understand the 
spatial and temporal scales and to efficiently allocate resources to the management of 
legislation.  

2 Theoretical background 

2.1 Compliance with legislation as the first stage of corporate responsibility  
for sustainability 

Compliance with legislation is mandatory for any company, irrespective of any ambitions 
the company has in the pursuit of corporate responsibility, sustainability, ethics or 
satisfying stakeholder interests. However, the legislative activities of companies can be 
positioned in relation to and are affected by all the aforementioned interrelated aspects. 
Compliance with legislation is the first step to sustainable business (Baumgartner, 2009; 
Baumgartner and Ebner, 2010; Fava, 2014). A maturity model of corporate responsibility 
for sustainability (Kasurinen et al., 2017) can be employed to develop a better 
understanding of the relationship between compliance with legislation and sustainability. 
As a company takes more responsibility for sustainability that exceeds legislative 
requirements, it evolves towards a ‘truly sustainable business’ (Dyllick and Muff, 2016; 
Shevchenko et al., 2016).  
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Compliance with legislation is a specific case of meeting stakeholder requirements. 
According to stakeholder theory, corporate responsibility is understood as a company’s 
responsibility to its stakeholders (Freeman et al., 2010). Therefore, businesses cannot be 
sustainable without satisfying stakeholder interests (Freeman et al., 2010). Broadly 
speaking, stakeholder interests include the needs of the natural environment (planet, 
ecosystems), the needs of humankind (social, human) and the economic interests of 
shareholders. Legislation represents an instrument by which stakeholders can express 
their interests to, for example, a company. Legislative requirements integrate the interests 
of several stakeholder groups and are often accomplished through compromises. The 
stakeholder groups, the interests of which manifest as legislative requirements include 
communities, competitors, employees, and possibly the natural environment as 
advocated, for example, by non-governmental organisations. Further legislation-related 
stakeholder groups include the authorities to which an operator is required to verify 
compliance with applicable laws. Furthermore, a company can, itself, influence the 
legislative requirements that apply to its operations. Therefore, legislation is not only 
about meeting external requirements but it can be an internal issue. This study takes into 
account the interactive nature of legislation. 

Many scholars have questioned, whether a higher overall maturity of corporate 
responsibility for sustainability leads to a higher proactivity in relation to legislative 
requirements, and vice versa. For example, Aguinis and Glavas (2012), Papagiannakis et 
al. (2014) and Lozano (2015) found that legislative requirements are a powerful external 
driver of corporate sustainability. Furthermore, Buysse and Verbeke (2003) found that, in 
the case of environmental management, more pressure from stakeholders, including 
legislative stakeholders, can motivate a more proactive environmental strategy. 
Shevchenko et al. (2016) argued that many stakeholders tend to allow compensating 
sustainability activities that enable the continuance of fundamentally unsustainable 
business instead of coercing companies to adopt truly sustainable solutions. Also, 
Heikkurinen and Ketola (2012) described how companies that follow the traditional 
corporate responsibility approach tend to outsource their responsibility and ethics to 
stakeholders. Thus, stakeholder requirements and expectations determine the level of 
corporate responsibility for sustainability activities (González-Benito and González-
Benito, 2006; Lozano, 2015). Papagiannakis et al. (2014) found that aiming at mere 
compliance could delay the transition towards sustainability and that this is specifically 
an issue with strict legislation. Strict legislation can restrict the opportunities for radical 
innovations that are necessary to achieve sustainability (Shevchenko et al., 2016). 
Another reason for such a relation could be that companies with primarily business 
economic sustainability targets instead of broader sustainability ambitions are likely to 
focus on compliance with minimum costs (Montabon et al., 2016). In conclusion, 
legislation plays a significant role in turning businesses towards sustainability; however, 
it cannot adequately create stakeholder pressure towards innovative sustainable business 
solutions. 

Some scholars argue that a correlation exists between the number of stakeholders 
companies create value for and the extent to which they take responsibility for 
sustainability (Buysse and Verbeke, 2003; Dyllick and Muff, 2016). Furthermore, 
maturing companies set sustainability targets that more widely concern the environment 
and society instead of setting cost, efficiency and legislative compliance-oriented targets. 
Simultaneously, the temporal perspective shifts from short to long term, and from instant  
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profits to long-term sustainability concerns and license to operate (Schumpeter, 2014; 
Dyllick and Muff, 2016). In contrast to the traditional extrinsic stakeholder responsibility 
approach, literature suggests that companies could take intrinsic corporate responsibility 
for sustainability based on their internal ethics (Heikkurinen and Ketola, 2012). 
Eventually, the overall business perspective shifts from ‘business first’ to ‘sustainability 
first’, which involves adopting a strong sustainability approach (Dyllick and Muff, 2016; 
Kasurinen et al., 2017). This thinking is analogous to Kohlberg’s 1963 model of moral 
development in the field of social psychology. This model outlines how human morality 
develops in three stages: first, obedience to external authority and avoidance of 
punishment; second, more internalised norms and the pursuit of acceptance from others; 
and third, independent judgement guided by internal moral and chosen principles. The 
minority of humans have the capability to reach the third stage of moral development 
(Helkama, 2001). From a business perspective, the first two stages resemble the 
outsourced stakeholder responsibility, and in the maturity of corporate responsibility for 
sustainability model, specifically the levels of legislative compliance and seeking 
acceptance from multiple stakeholders through value creation.  

2.2 Legislation maturity profiles, strategies and activity levels 

In previous scientific literature, legislative compliance has typically been addressed in a 
basic form as the minimum prerequisite for conducting business anywhere and as the first 
mandatory step towards sustainable business (Baumgartner, 2009; Baumgartner and 
Ebner, 2010; Fava, 2014). However, a more in-depth exploration of legislative 
compliance reveals that it can be divided into further dimensions and does not purely 
consist of a binary compliance versus non-compliance division. The dimensions of 
legislative compliance can be described similarly as in other business maturity models. 
Several authors and companies have developed models to evaluate the maturity of 
company activities. Such models relate to, for example, market position (Mintzberg et al., 
2007; Porter, 1980; Wilson et al., 1994); strategic management (Ansoff, 1984; 1987; 
Hovisalmi and Niskala, 2009); environmental strategy (Ketola, 2005; Linnanen et al., 
1994; Mårtensson and Westerberg, 2014; Wrisberg et al., 2002); corporate social 
responsibility (Heikkurinen, 2010; Ketola, 2005); reaction to changes (Kamensky, 2004; 
Kolk and Mauser, 2002); or more recently, sustainability (Baumgartner, 2009; 
Baumgartner and Ebner, 2010; Fava, 2014; Kasurinen et al., 2017; Ketola, 2010). The 
current study is concerned with company legislation maturity profiles, and the related 
strategies and activity levels. Figure 1 shows the legislation maturity model.  

The legislation maturity profiles are compilations of the company strategies and 
activities related to legislative requirements. The profiles are depicted as steps. When a 
company proceeds to the next step and achieves a higher profile, the strategy on 
legislative requirements evolves from a defensive or adaptive strategy into a proactive or 
lead strategy, and the activity that results from the implementation of the strategy 
develops from reactive to proactive. Although the ideal direction of development is 
towards maturity, the shifts between the levels are not necessarily unidirectional or 
linear. Furthermore, the profiles and strategies are generalisations. The premises of 
company profiling are not addressed in this study. Thus, the width of a step does not 
depict the share of biofuel producers or any other companies on that step. In addition, 
companies could apply different strategies to different legislative requirements or laws 
(Baumgartner and Ebner, 2010).  
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Figure 1 Company legislation maturity profiles, strategies and activity levels related to 
legislative requirements (compiled of ideas presented by Aarras, 2006; Buysse and 
Verbeke, 2003; Heikkurinen, 2010; Husgafvel et al., 2013; Ketola, 2005; Linnanen et 
al., 1994; Rimppi, 2010; Vesa, 2015; Wrisberg et al., 2002) 
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To comply with legislation, companies should adopt a defensive strategy and the 
follower profile as a minimum. One possible motivation for employing a defensive 
strategy to fulfil legislative requirements is that it frees company resources for alternative 
purposes other than actively screening, anticipating and influencing legislation. This 
strategy may also be a necessity. Small enterprises may be forced to abide by the 
follower profile because they do not have sufficient human resources to proactively 
monitor legislative developments (González-Benito and González-Benito, 2006; Vesa, 
2015). Followers may also prefer to concentrate on the core business, for example 
product design, which may not actively include consideration of environmental or social 
sustainability issues. Buysse and Verbeke (2003) identified such follower companies that 
are primarily compliance-oriented within the context of environmental issues; i.e., 
concerned about legislative requirements. 

Followers perceive compliance with legislation simply as a means of maintaining a 
competitive position (Heikkurinen, 2010) and, analogous to Kohlberg’s theory, avoiding 
punishment (Helkama, 2001). This defensive strategy represents a reactive approach by 
which organisations respond to requirements as and when they emerge, often 
unexpectedly. Followers often employ a disorganised approach to managing legislative 
requirements, and often experience difficulties complying in time (Rimppi, 2010). 
Followers may only pay attention to legislative requirements as a result of customer 
enquiries (Vesa, 2015) and may encounter difficulties demonstrating compliance 
(Rimppi, 2010). It is questionable as to whether the followers that employ reactive 
approaches to complying with legislative requirements have any strategy in place at all. 
The main strategic aim could be to avoid punishment (Helkama, 2001). Followers have 
not felt the urge to take a proactive approach to compliance, and, as such, employ a 
defensive strategy. Followers (of all profiles in Figure 1) are probably most likely to fall 
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into the ignorant or neglectful categories with regard to individual legislative acts or 
requirements. Furthermore, issues, such as additional costs, deteriorating reputation, or 
exclusion from the market, could emerge due to poor preparation for legislative changes.  

Ignorant and neglectful companies do not have a systematic strategy for complying 
with legislation in place. The common feature of these inactive companies is that they 
often fail to take timely action to comply with emerging legislative requirements and, 
thus, are typically non-compliant. Inactivity could result from simple unawareness of the 
requirements (ignorant companies) or a conscious decision to breach legislation 
(neglectful companies). Neglectful companies can, however, be very active and aware of 
their legislative environment. A forcing legislation could motivate a resistance effect 
among some companies (Rintanen, 2006). In principle, inactivity cannot guarantee 
sustainable operations, because compliance with legislative requirements is mandatory. 
However, if local authorities do not strictly monitor compliance, they effectively 
encourage neglectful responses to legislative requirements. The legislation maturity 
model assumes a positive view of righteous compliance with legislation. However, it is 
possible for companies to distort the truth when submitting statutory reports to authorities 
and to subsequently continue performing unsustainable activities (Montabon et al., 2016). 
Such companies are incorrectly perceived to be compliant; however although such 
breaching strategies do occur, they are not included in the model. 

Compliant companies that employ an adaptive strategy to legislative requirements do 
so to enhance their competitive advantage (Heikkurinen, 2010) by achieving compliance 
and by being able to readily verify their compliance (Linnanen et al., 1994). Although, 
similar to companies that employ a defensive strategy, companies that implement an 
adaptive strategy are mainly reactive, they follow a more systematic approach to 
managing legislative requirements, taking the initiative to map and learn the applicable 
legislative requirements. Furthermore, they give themselves more time to achieve 
compliance (Rimppi, 2010). If the ability to employ a longer-range temporal perspective 
is considered, compliant companies could be considered to be more mature in the overall 
model of corporate responsibility for sustainability than followers. 

A proactive or a lead strategy is fundamentally different to a defensive or adaptive 
strategy, which are inherently reactive. Some organisations adopt a proactive strategy to 
complying with legislation because it provides them with a means of detecting, or, in 
case of a lead strategy, of creating a new competitive advantage (Heikkurinen, 2010; 
Husgafvel et al., 2013; Linnanen et al., 1994). In addition, proactive and lead strategies 
could mitigate the risks associated with, for example, the continuity of business, the 
market position of the product, and the reputation of the company. It is likely that 
companies that proactively address legislative issues also excel in other aspects of 
sustainability, thus being further along the overall maturity scale of corporate 
responsibility for sustainability than reactive companies. Furthermore, larger and more 
internationalised companies tend to adopt a more proactive approach to complying with 
environmental legislation (González-Benito and González-Benito, 2006). 

Companies that employ a proactive or lead strategy tend to anticipate, be prepared 
for, influence, and create future requirements in good time. Influencers advocate their 
interests by influencing legislative requirements as they are in the process of preparation. 
Forerunners seek change and new business opportunities (Ansoff, 1984). Forerunners 
may be able to dictate future legislative requirements and set the minimum acceptability 
level for the business branch. However, forerunner activity requires willingness to 
increase short-term risks to profits, as benefits may concretise in the long term (Ketola, 
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2005; Schumpeter, 2014). An internal motivation and moral (as in Kohlberg’s model) 
and insourced ethics are required at these levels, especially among the forerunners that 
operate on their own terms. Furthermore, proactivity is information and resource 
intensive (Carballo-Penela and Castromán-Diz, 2014). 

3 Materials and methods 

3.1 Scope: case sustainability of biofuels in the EU 

This study concentrated on sustainability requirements that originate from the RED and 
biofuels that are in the scope of the RED. Because the sustainability requirements 
outlined in the RED are divided between different stages of a biofuel life cycle, and the 
responsibility for managing the requirements at different stages of this life cycle varies 
across different operators in the supply chain, it was essential to first determine the 
operator’s perspective from which the current study would be conducted. The biofuel 
producer’s perspective was selected for two reasons. First, accountability for 
demonstrating that the biofuel complies with the sustainability requirements of the RED 
falls on the producer of the final product (2010/C 160/01). Because compliance with the 
RED requires intensive cooperation between entities throughout the supply chain, the 
actions of the biofuel producer have repercussions for the rest of the supply chain. 
Second, producers of final products tend to come under higher pressure from external 
stakeholder groups than other operators in the value chain and as a consequence of the 
pressures, are likely to exhibit overall proactivity; instead of seeking minimum 
compliance (González-Benito and González-Benito, 2006). Thus, biofuel producers 
represent the ideal perspective from which to study the entire scale of company 
legislative maturity profiles. As mentioned above, in their study of environmental 
proactivity, González-Benito and González-Benito (2006) found that, aside from external 
stakeholder pressures, additional determinant factors that predict greater environmental 
proactivity include larger company size and broader internationalisation. However, such 
factors were not predetermined in this study. Instead, this study assumed that any biofuel 
producer could make independent strategic choices related to the management of 
legislative sustainability requirements. 

3.2 Information search 

To answer the research question and meet the objective of this study, it was necessary to 
review relevant legislative documents, including the RED, that relate to the legislative 
sustainability requirements for biofuels in the EU. Legislative documents were 
systematically identified from the web pages of the different EU Commission Directorate 
Generals (DGs) that are responsible for policy-development and implementation in their 
own areas of expertise. The web pages of the following DGs were screened due to the 
relation between their areas of expertise and biofuel sustainability requirements: Energy 
(DG ENER), Climate Action (DG CLIMA), Environment (DG ENV), and Mobility and 
Transport (DG MOVE) (EC, 2016a). The EUR-Lex database was also searched for 
relevant documents. The key search terms that were employed were biofuels, biomass, 
sustainability requirements, sustainability criteria and renewable energy. Some DG web 
pages contained lists of relevant documents. The sustainability issues of biofuels fall 
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mainly under the DG ENER. However, possible related legislative developments were 
studied from the other DGs. Furthermore, documents often cross-referenced each other 
and such references facilitated the identification of further relevant documents.  

In total, 34 documents (see Appendix A) were identified that met the objective of this 
study to connect different strategies to complying with legislative requirements with 
different types of documents because the sample of documents incorporated several 
different types of legislative measures. A total of 8 of the included documents included 
current mandatory requirements, whereas the remaining 26 could serve as tools for the 
anticipation of future mandatory requirements. The mutual relationship of the legislative 
documents is fixed, and their classifications are established (EUR-Lex, 2017b). This 
consistency facilitated the development of a reliable comparison.  

Exploration of the Commission web pages quickly produced a relatively large 
number of legislative documents; however screening these to identify relevant documents 
could be time-consuming. Such challenges and the uncertainties associated with this 
approach only serve to highlight the legislative burden that is placed on companies and 
the importance of systematic company approaches to managing legislation. 

3.3 Analysis 

The objective of this research was to conduct a systematic classification and analysis of 
the strategies biofuel producers use to manage of legislative sustainability requirements 
for biofuels in the EU. Figure 1 introduced the literature-based classification of company 
legislation maturity profiles, strategies to manage legislative requirements and related 
activities. Next, it was necessary to classify the legislative documents that contain 
sustainability requirements such that they could be connected with different strategies to 
complying with legislative requirements. A common factor in all maturity profiles, 
strategies and activities is the point at which the company reacts, or proactively takes 
action in response to external legislative pressure. Consequently, it was deemed 
necessary to analyse the urgency of the legislative documents. 

The urgency-validity fourfold table in Figure 2 was applied to classify the legislative 
documents. Stakeholder theorists have suggested legitimacy, power and urgency as 
criteria for determining stakeholders’ salience for a company (Buysse and Verbeke, 
2003). Respectively, Figure 2 uses urgency and validity to classify legislative and other 
stakeholder requirements. The legitimacy of legislative requirements is self-evident 
because legislation offers no other choice for businesses but compliance. The same 
applies to the indisputable power of legislation over businesses, as changes in legislation 
could alter, relocate or terminate business operations (Montabon et al., 2016). Figure 2 
resorts to the urgency criterion and suggests that companies could classify requirements 
hierarchically on an urgency scale. The urgency scale distinguishes those requirements 
that require immediate compliance from those that may require compliance in the future. 
Furthermore, Figure 2 suggests that companies could simultaneously classify 
requirements on a validity scale, which distinguishes between mandatory and voluntary 
requirements. Mandatory requirements include those requirements with which 
compliance is mandatory to achieve local legitimacy; i.e., legislative requirements. 
Voluntary requirements include other stakeholder requirements with which compliance is 
voluntary but could help companies to achieve a broader license to operate (Schumpeter, 
2014) and to anticipate legislative requirements.  
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Figure 2 A division of validity and urgency of requirements 

 

In the analysis, each legislative document related to biofuel sustainability requirements 
that was identified in the literature review was evaluated with regard to five aspects. The 
first two aspects were related to the urgency-validity framework (Figure 2) and the other 
three aspects were related to the legislation maturity model (Figure 1). Appendix A 
presents the stages of the analysis. 

First, the urgency and validity of the legislative documents were evaluated according 
to Figure 2. The urgency evaluation was simply based on the date at which the 
documents entered into force, the starting date of the national application of the 
requirements, if applicable, or the date of publication. The urgency scale was divided 
according to current and future time dimensions only. Unless past documents contained 
currently valid provisions, they were interpreted to facilitate the anticipation of future 
legislation developments. Because the documents were legislative, their validity was 
deemed to be mandatory. However, all documents did not contain direct mandatory 
provisions. Therefore, second, the documents were evaluated with regard to whether they 
contained direct provisions or provided indirect assistance to the application, or 
anticipation, of provisions. Thus, the division into direct/indirect impact was part of the 
validity evaluation.  

After the urgency-validity analysis was completed, the legislation maturity levels that 
could be applicable to each document were analysed. Therefore, third, the type of activity 
according to Figure 1 that a biofuel producer would exhibit with regard to each document 
was evaluated based on the urgency, validity and direct/indirect impact. Fourth, based on 
the type of activity and urgency-validity and direct/indirect evaluation, the relevant 
legislative maturity level was evaluated according to Figure 1. That is, the maturity level 
activities that were required with regard to each document were assessed. In other words, 
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companies at certain maturity levels are active with regard to each document. Fifth, the 
strategies that required activity were listed according to the maturity profile in Figure 1. 
The applicability of different legislation maturity profiles, strategies and activities across 
each of the four fields was further qualitatively discussed, see Section 4. 

4 Results and discussion 

Appendix A presents a chronological list of EU policy documents related to the 
sustainability of biofuels that were found in the review and that could be relevant at 
different legislation maturity levels together with the results of the analysis of each 
document according to the urgency-validity framework (Figure 2) and the legislation 
maturity model (Figure 1). This section is divided according to the alternative strategies 
that can be employed to comply with legislative sustainability requirements for biofuel 
production outlined the legislation maturity model. 

4.1 Defensive strategy 

Followers that adopt a defensive strategy and reactive approach to legislation compliance 
mainly address current or imminent mandatory legislative requirements, which the 
forerunners and influencers have proactively shaped, influenced and prepared for over a 
long period and which compliant companies have prepared for in advance to achieve 
early compliance.  

In theory, followers aim to achieve compliance in time, but not earlier than required. 
Ansoff (1987) stated that such a reactive mode to strategic management could be 
effective if no sudden changes occur in the operational environment and the changes that 
do occur are repetitive. EU legislative processes (from the first initiative to 
implementation) can take years (The Federation of Finnish Technology Industries, 2010). 
As such, a defensive strategy can be applicable. In the EU legislative environment 
detailed rules and guidance related to the application of the sustainability criteria have 
been occasionally emerging, requiring biofuel producers to be alert. For example, the 
RED includes a sustainability criterion that restricts the production of biofuel feedstock 
on highly biodiverse grassland. Later, the Commission gave Regulation (EU) No 
1307/2014 on defining the criteria and geographic ranges of highly biodiverse grassland. 
Furthermore, expected changes, such as directive revisions occur at predetermined times, 
for example the RED II (COM(2016) 767 final). Montabon et al. (2016) referred to a 
statement by the Bank of England that many companies tend to underestimate the risks 
that changing environmental legislation presents to businesses. Such a tendency could 
lead to the selection of a defensive strategy for dealing with legislative requirements. In 
the biofuel context, non-compliance with the biofuel sustainability criteria would, for 
example, suspend subsidies to biofuel production (2009/28/EC). Another theory is that 
defensive companies could aim to achieve compliance at the minimum cost (Montabon et 
al., 2016). However, defensive companies that have a short temporal perspective could 
experience that the changes in legislation are made quite suddenly, and these changes 
could result in defensive companies encountering unexpected expenditure. 

The exploration of the EU biofuel legislation indicated that, to achieve timely 
compliance, it is necessary to anticipate legislation to a certain extent. Companies should 
become aware that they are late to comply even if they react instantly to any applicable 
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mandatory requirements they encounter. A defensive strategy and reactive approach 
could be suitable if a biofuel producer follows the developments of legislation at both the 
EU and national level. The requirements of directives do not oblige biofuel producers on 
the day of their publication or the day of their entry into force, but when they are 
implemented into national law. For example, the RED was published on 23 April 2009, 
entered into force on 25 June 2009 and was nationally implemented by 5 December 
2010. Because of the extensive sustainability criteria outlined in the RED that require 
management of the whole supply chain and systems in place for verification of 
compliance, compliance from the first day onwards (5 December 2010), which would be 
the aim of any defensive strategy, required anticipatory preparations. Merely following 
national legislation does not, therefore, represent sufficient management of legislation in 
the EU. Furthermore, because regulations are applied across the EU area and directly 
affect business, similarly to decisions, which apply to their addressees (European Union, 
2015), a defensive strategy and reactive approach to EU legislation could mean that 
followers are late to comply and, as such, are ignorant or neglectful companies. 
Anticipation is, therefore, also required at the EU level.  

The results imply that, to achieve timely compliance with a defensive strategy, a 
company should possess some knowledge of the legislative processes at both EU and 
national level, have personnel following the legislative requirements (at least part-time) 
and have some kind of inventory of the applicable legislation in place (Rimppi, 2010). 
Because compliance with legislation can be resource and knowledge intensive (Carballo-
Penela and Castromán-Diz, 2014), small enterprises and those companies that are strictly 
focused on their core business and profitability may experience difficulty securing these 
resources. Some followers may find themselves fortunate that they do comply while 
some may occasionally fall into the categories of non-compliant ignorant and neglectful 
companies. A reactive approach that is taken to the extreme can be quite risky and 
irresponsible.  

4.2 Adaptive strategy 

As Appendix A illustrates, the RED sustainability criteria are not static, but are 
continually under development (for example the RED) (COM(2016) 767 final). Both the 
RED and the RED II proposal include requirements to reduce greenhouse gas emissions 
of biofuels. The (EU) 2015/1513 directive aims to further restrict greenhouse gas 
emissions that result from indirect land use change in biofuel operations, and should be 
nationally implemented by 10 September 2017. Although these new requirements might 
not be nationally implemented before 10 September 2017 in the Member States, they are 
beyond influencing at the EU level. However, through early preparation for the new 
requirements and early compliance, biofuel producers could reach a compliant position in 
the legislation maturity model. Compliant companies should be interested in proposals 
for directives that are likely to become mandatory requirements in the future. A 
document that would currently be of interest is the RED II.  

The adaptive strategy clearly requires an organised approach. Therefore, a compliant 
company may need to invest in a thorough background study of applicable requirements 
and a management system by which legislative requirements are monitored. Furthermore, 
organisations will also need to employ personnel who are knowledgeable about the 
principles of legislative processes and who are responsible for following legislative 
developments (at least part-time) (Rimppi, 2010). 
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Current compliance with future requirements, such as those related to greenhouse gas 
emissions from indirect land use change, could give a biofuel producer a competitive 
advantage. For example, compliant companies could communicate their consideration of, 
and compliance with, future legislative requirements to customers and, thereby, enhance 
their reputation. Furthermore, the adaptive strategy could reduce legislative risks; for 
example, discontinuity of business or unexpected costs and sanctions, which followers 
are more prone to. These advantages also apply to influencers and forerunners. 

4.3 Proactive strategy 

A proactive strategy and approach to managing legislative requirements include two 
important aspects for biofuel producers: influencing and anticipating. On the national 
scale, biofuel producers can influence legislation and its interpretation through national 
politicians, authorities and interest groups. However, in the EU, the significance of the 
development of the EU policy is emphasised both in influencing and anticipating because 
the EU policy and legislation have a major direct impact on national laws. Thus, 
following the EU preparatory documents helps biofuel producers anticipate national 
legislation and influence EU legislation at an early stage. Influencers are interested in 
anticipating and influencing on a voluntary basis. 

Appendix A only takes into account documents and excludes, for example, important 
lobbying activities. Concentrating on the legislative documents means concentrating only 
on the final products of interactive multi-stakeholder legislative processes. Therefore, a 
company that only concentrates on the documents is inevitably not a true influencer, let 
alone a forerunner. Participation in the processes, for example through public 
consultations, is required.  

Biofuel sustainability criteria that recently required proactive participation from 
biofuel producers are in the process of development. The preparation of the RED II as 
well as a bioenergy sustainability policy that will come into force after 2020 has begun. 
Public consultations are means by which biofuel producers can influence policy 
developments. The public consultation on the preparation of RED II ended in February 
2016 (EC, 2016c) and the public consultation on the preparation of a sustainable 
bioenergy policy for the period after 2020 ended in May 2016 (EC, 2016d). Such 
opportunities highlight how the EU invites biofuel producers to cooperate with the 
legislators to create justified legislation and advocates for proactivity (Rintanen, 2006). 
Further means of influencing include lobbying EU politicians directly or via interest 
unions with regard to the development of sustainability requirements, and lobbying EU 
authorities with regard to the interpretation and application of sustainability 
requirements. 

Further documents that may be of interest to a proactive biofuel producer as a means 
of anticipating legislation include both the documents that will be published in the future 
and previously published documents, such as strategies, roadmaps, reports, proposals and 
impact assessments. The emergence of sustainability criteria in the RED (published in 
2009 and implemented in 2010) were mentioned, for example, in 2005 in the 
COM(2005) 628 final Biomass action plan. A further document of interest may be the 
Commission report, which should be submitted by the end of 2017 and will include, for 
example, the adjusted estimated emission factors for indirect land use change ((EU) 
2015/1513, Article 3).  
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Influencers are likely to exceed current legislative requirements (Ketola, 2010), and 
therefore, they have the vision of how the industry can be taken to a new level through 
developing the legislative requirements. It seems likely that the companies that are 
proactive with regard to legislation are proactive in many sustainability aspects and in 
society in general. In addition to systems for following and anticipating legislation, as 
discussed in the context of adaptive strategies, proactive companies are required to have 
an organised system and network in place for influencing and lobbying. Participation in 
public consultations could probably be led by a company manager who utilises support 
and information from the operational level. The more intensive influencing or lobbying 
the company aims to achieve, the more likely it is that full-time personnel will be 
required for this purpose (Rimppi, 2010.) 

4.4 Lead strategy 

As the main focus of this study was on legislative requirements, other stakeholder 
requirements that can be considered as voluntary were not studied in detail. However, 
legislation does not develop independently from other requirements, such as bioenergy 
certification schemes, or research and cannot, thus, be studied in isolation. Furthermore, 
as stated above, legislative requirements consist of the integrated interests of various 
stakeholder groups. Therefore, further means of anticipation for biofuel producers  
that adopt a lead strategy would include the screening of requirements, expectations, 
trends and research, and competitor benchmarking in the current/future-voluntary field 
(Figure 2).  

Useful developments for proactive forerunners to follow and to take part in include 
the development of standards, such as the ISO 13065 Sustainability Criteria for 
Bioenergy, customer, supplier, investor, and NGO requirements and expectations, 
competitors’ activities, international agreements, and other megatrends. A further means 
of anticipation could be following the development of bioenergy sustainability legislation 
outside the EU (cf. Scarlat and Dallemand, 2011). Furthermore, following (e.g. van Dam 
and Junginger, 2011) or participating in research efforts could help biofuel producers to 
formulate their own sustainability goals and to anticipate and shape possible legislative 
developments. Similarly, in terms of macro-level developments, a common management 
practice is to follow the political, economic, social, technological and ecological 
(PESTE) factors (Kamensky, 2004). 

One justification for company proactivity in the management of legislation is that, 
since industries are experts in their own areas of business and activity, their participation 
in the development of legislation is crucial (Rintanen, 2006). This study suggests that a 
proactive or lead strategy could be knowledge and resource intensive (Carballo-Penela 
and Castromán-Diz, 2014). As such, a problem could occur with, for example, activating 
small enterprises that do not have sufficient resources to participate in legislative 
processes. The concerns of these organisations may go unheard, and their only option 
will be to follow the legislative developments to the best of their abilities. 

Intuitively, a proactive or lead strategy to complying with legislative requirements 
would seem natural for companies at different levels of maturity of corporate 
responsibility for sustainability. First, Rintanen (2006) stated that society might shift 
(sustainability) responsibilities to business organisations that do not belong to the 
business and require unnatural business behaviour. Businesses with a low level of overall 
responsibility for sustainability that mainly care about their own interests, focus on 
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business economic sustainability (Dyllick and Muff, 2016) and question whether 
sustainability is good for the company (Montabon et al., 2016) could have quite a strict 
view of the sustainability responsibilities of businesses. Presumably, such businesses 
would be interested in proactively defending their traditional business practices as 
opposed to extending sustainability requirements. Second, a proactive or lead strategy to 
legislation is relevant for companies that are willing to create innovative sustainable 
business. Either way, joint efforts are essential to the development of sustainability 
legislation because sustainability is a complex, multi-level concept that neither 
companies nor governments can solve in isolation (Loorbach et al., 2010; Rintanen, 
2006). In contrast to reactive companies, proactive companies are more likely to perceive 
legislation to be an internal, rather than external, issue because legislation seeks to 
balance the interests of those who participate in its formulation. 

5 Conclusions 

This study identified a defensive, adaptive, proactive and lead business strategy to 
managing legislative requirements and the associated business activities. These activities 
span a wide scale from inactive to proactive approaches. Synergies could be achieved 
with the overall maturity of corporate responsibility for sustainability as the company 
proceeds towards proactivity with regard to legislative requirements. The analysis of the 
strategies in this paper could raise awareness among managers that are able to more 
systematically define their strategies on legislative requirements and then proceed to their 
implementation. 

The approach presented in this paper represents one method by which the 
management of the complex field of sustainability requirements throughout the life cycle 
of a biofuel product can be screened and grouped. Biofuel producers could distinguish 
their strategy at each stage of the biofuel production chain, place legislative requirements 
in the urgency-validity framework and address other stakeholders’ requirements. Biofuel 
producers could make decisions on the intensity of their strategy concerning biofuel 
sustainability legislation based on the urgency of individual sustainability requirements; 
i.e., the date at which they enter into force. Furthermore, they could distinguish whether 
the legislative documents contain direct requirements or indirectly imply possible future 
requirements.  

To achieve the minimum timely compliance and a legislation maturity profile of a 
follower, biofuel producers should monitor the changes in legislation at the EU level, not 
merely at the national level. To anticipate and influence legislation, it is necessary to be 
aware of the EU-level policy developments. This study highlighted the opportunities for 
proactive company activity with regard to legislation that exist, including influencing, 
lobbying and anticipation. A proactive approach requires monitoring future legislative 
requirements, voluntary requirements from other stakeholder groups and macro-level 
developments in addition to current legislative requirements. 

Shifting towards a proactive or lead strategy to complying with legislative 
sustainability requirements is beneficial to biofuel producers because it allows them to 
prepare for, and influence, future requirements. These strategies help to minimise risks to 
business by avoiding unexpected legislative changes and costs. Furthermore, an 
anticipatory strategy could help companies to achieve a competitive advantage. Proactive 
companies recognise that legislation is an internal issue rather than an external pressure, 
as legislation is a compromise of the interests of those who participate in its formulation. 
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Identifying which legislative documents are relevant within the extensive documents 
that are available could be time-consuming and knowledge and resource intensive. 
Furthermore, as legislation is dynamic, businesses must continually follow or influence 
changes according to their selected strategy. Managers, thus, need to be able to allocate 
sufficient resources to this legislative work in accordance with the selected strategic 
level.  

This study introduced a theoretical legislation maturity model, which should be 
further empirically tested in real company cases. Furthermore, this study concentrated on 
legislation related to the sustainability criteria for biofuels in the EU. The applicability of 
the legislation maturity model and the urgency-validity framework could be further tested 
by extending the legislative and geographical scope of the study. Because the maturity 
model and the urgency-validity framework are not industry specific, they could be 
applied in the context of legislation of any industry or service of any size and any 
position in the supply chain. 
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Appendix A  

The literature review shows the EU policy documents related to biofuel sustainability 
requirements and the analysis shows the stages and results of analysis of the documents 
with regard to their urgency and validity to a biofuel producer, direct and indirect impact 
on a biofuel producer, type of activity required from a biofuel producer, relevant 
legislation maturity profiles with regard to each document and currently applicable 
strategies that require activity with regard to each document. Y = Year, M = Month, D = 
Day. The numbers 1–5 indicate the stages of the analysis. 
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