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Abstract The role that liquid biofuels will play in future

energy systems will depend on biomass-to-energy supply

chain to overcome the barriers that may hinder the devel-

opment and international trade, as well as a sustainable and

efficient production of biomass resources. This research

paper is based on an extensive literature review, and its

purpose is to identify and to investigate the variables that,

throughout the agricultural biomass-to-energy supply

chain, give rise to the barriers that are common to most

varieties of biomass. For achieving it and to assess the

effects of referred barriers were used techniques of the Soft

Systems methodology. Although biomass-to-energy supply

chains are diverse in terms of pattern and operations, the

characteristic of the barriers involved in the research pro-

vides a broad insight into the issues and challenges to

define consistent strategies and interventions for over-

coming them. So, this review might be useful for further

research related to agricultural biomass-to-energy supply

chain optimization that is needed.

Keywords Biofuel � Agricultural biomass supply chain �
Biofuels supply chain � Agricultural biomass trade and

development

1 Introduction

The world energy system is currently dominated by fossil

fuels being critical to the economic growth, especially in

increasingly energy-consuming countries [7, 15, 23].

World oil production is reaching its development peak

and a declining trend is expected to start in the next 5 up to

10 years, being unlikely that its demand will go along with

referred trend [5].

As hydrocarbon-based fuel resources are not renewable,

energy prices fluctuate and future energy security as well as

climate change concerns grow, become more apparent the

interest in energy efficiency and alternative competitive

supply options, as a mean to reduce dependency on fossil

fuels, such as bio-energy that is renewable and environ-

mentally friendly. For transportation, liquid biofuels as

ethanol and biodiesel are potential alternatives in the

immediate future to petroleum-derived fuels [49], as they

can be used in existing internal combustion engines and

supported by the existing fuel supply infrastructure [54].

Biofuels are, however, just one part of the strategy to meet

future energy demand. Another key energy supply option is

the promotion of electricity produced from renewable

energy sources.

Many countries have implemented programs to promote

biofuels production and use as, for instance, political targets

that have been set by the European Union. The Directive

2009/28/EC [11] amending the Directives 2001/77/EC and

2003/30/EC requires mandatorily all Member States to

ensure the substitution of 20 % of fossil fuels consumption
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by renewable sources and a 10 % minimum target for the

share of biofuels in transport by 2020.

The literature [3, 47, 55] emphasizes that, in the years to

come, transport energy systems will tend to be shaped into

flexible and reliable networks integrating a mix of fossil

and biofuel technologies and systems. Despite the advan-

tages of biofuels, from which the most significant are

greenhouse gases (GHGs) reduction, energy supply secu-

rity, promotion of rural development [23, 50] and resource

potentials, their ‘economic viability is still a critical issue

to large-scale commercialization’ [3, p. 3760]. Besides,

critics argue that edible biomass for producing biofuels

might threat food security and inflate food prices [52] and

that in general with agriculture-derived biofuels are asso-

ciated environmental damages [40]. Another criticism

regarding biofuels is their inefficiency due to the fact that

biomass has lower energy content than conventional

petroleum products [35], and this results in a larger biofuels

consumption [7].

Thus, the role that liquid biofuels will play in the future

‘global mix of energy supply’ will depend upon its

upstream supply chain to overcome several barriers or

constraining factors that may inhibit the development and

international trade as well as a sustainable and efficient

production of biomass resources, constraining in this way

necessary investment [12, 15, 23–25, 44]. Associated with

competitiveness, since biofuels and fossil fuel compete on

direct price and production cost basis [21, 25], the referred

role will also depend on the high valuable co-products

processed together with the biofuels in the biomass refining

conversion [9, 33], or midstream segment of biofuels

supply chain.

This paper outlines the results of a literature review

related to the upstream segment of liquid biofuels supply

chain, which represents agriculture-related biomass-to-

energy production and supply. The research is limited to

the key issues of biomass-to-energy supply chain, focusing

on the variables that give rise to the above-mentioned

barriers that are common to most of the agriculture-related

biomass types. Besides, as the cost of biofuels is closely

related not only to biomass logistics but also to refining [3],

the impact on biofuels competitiveness of the co-products

resulting from biomass refining will be summarily

considered.

On addressing those issues, the paper aims to contribute

to further research focusing on biomass-to-energy supply

chain optimization as there is scarcity of reviews in the

field.

The frame of this paper is structured in four sections.

After the introduction, Sect. 2 refers to the research method

that has been used for the literature review. Section 3

addresses the barriers that may inhibit the development of

biomass resources in a sustainable and production cost

competitive way. In Sect. 4, the key findings are discussed,

and Sect. 5 presents the conclusions.

As a description of the situation within which the problem

occurs, Fig. 1 illustrates the context of the investigation as it

incorporates the logic of the problem situation and captures

conceptually the relationships between relevant elements of

biomass supply chain. It shows the main structure of the

Fig. 1 Agriculture-derived

biofuels production chain
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logistics system, identifying the biomass supply areas that

determine its performance.

2 Research method

For providing insight into the problem situation, we have

defined the research delimitation, an essential condition for

conducting a literature review or content analysis, descri-

bed by Fink [14, p. 3] as a ‘systematic, explicit, and

reproducible design for identification, evaluating and

interpreting the existing body of recorded documents’. It

was guided by the following questions:

• Which barriers may hamper the sustainable develop-

ment and international trade of agriculture-related

biomass-to-energy?

• Which factors in the biomass-to-energy logistics sys-

tem might have a harmful incidence on efficiency and

cost-effectiveness of biomass-to-energy supply?

• To what extent might biofuels become more

competitive?

For conducting the review on the basis of a structured

literature search and to answer those questions, we used the

procedure model delineated by Mayring [34]. The identi-

fied literature was classified into content analytical units

through a deductive and inductive approach [34, 45] using

criteria focusing on biomass-to-energy supply chain, bio-

mass-to-energy sustainable international trade, biofuels

competitiveness and biorefinery.

In the material analysis, aforementioned content ana-

lytical units have been assessed for capturing the structure

and impact of the barriers and to appraise biomass-to-

energy efficiency and cost-effectiveness, focusing on bio-

mass-to-energy logistics system and associated biofuels

competitiveness issues.

Taking into consideration the complexity of that anal-

ysis as it involves simultaneously issues of political, eco-

nomic, social, environmental and logistical nature, the soft

system methodology (SSM) was applied.

The SSM was developed in the 1970s by Checkland and

Scholes [8] and is suitable to address the issues that are

essential in the scope of the research. It has been essentially

chosen as it is a problem-solving methodology suitable for

addressing complex and poorly defined real problem situ-

ations. Its techniques serve well for evaluations as such

addressed in this paper and to draw resulting key findings.

For the characterization of the situational elements and

parties involved in the issues, we used its essence or the

root definition CATWOE, a mnemonic also developed by

Checkland and Scholes [8] and represented in Table 1.

In the root definition, the customers (C) are the fuel

consumers and the environment meaning the ‘physical,

chemical and biotic factors as climate, soil and living

beings’ [36].

The actors (A) involved in the process are governments,

farmers, landowners, local community and market players

(e.g. biomass sellers such as farmers and buyers, or food-,

feed- and biofuels-producing industries).

Transformation (T) represents the need for overcoming

the problem situation, that is to say, the barriers that may

hamper not only biomass development and international

trade, but also a biomass sustainable and competitive

supply.

Weltanschauung (W) is typified by the drivers for bio-

fuels development, from which the main ones are [23, 50]:

1. the promotion of a renewable energy source as a

possibility to reduce greenhouse gas emission,

2. energy supply security,

3. the rising prices of fossil fuels, and

4. the promotion of rural development.

The importance of these drivers differs according to the

political and economical concerns as well as the priorities

or the resources of decision-makers. Mainly in the

industrialized countries so far, energy supply security and

concerns regarding climate change are reported as growing

in their importance [15], building together the critical

driving base of the development of bio-energy that is

taking place [18].

The owners (O) are governments, farmers and biomass-

producing industry. And the environment (E) or the

circumstances surrounding the situation is the existing

concern related to greenhouse gas emission increase,

Table 1 CATWOE definition

C Clients/customers Those who more or less directly benefit or suffer losses from T

A Actors Those who are involved in T

T Transformations The need to overcome the barriers to the biomass-to-energy sustainable development

W Weltschauung The relevant world-views that underlines the need to promote the development of biofuels

O Owners Those who are involved in the definition of essential policies and planning processes to enable T

E Environment Concerns of ecological, political, social and economical nature

Source: Checkland and Scholes [6]
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pressure on biodiversity, ecosystems and food security, as

well as the opinion that fossil fuels are depleting and their

supply is vulnerable to uncertainties [6].

In our literature review–based research, Transformation

and Weltanschauung underpin the analysis, as in exploring

them we also address the other elements of the CATWOE.

3 Analysis of the problem

The research addresses the upstream of biofuels supply

chain analysing the key barriers or constraining factors that

may hamper biomass-to-energy development, international

trade, and sustainable and competitive supply. Those bar-

riers arise mainly from existing sustainability concerns and

economic and political issues shown in Fig. 2, as well as

from costs associated with the biomass supply system’s or

logistics areas referred to in Figs. 1 and 3. As a conse-

quence of this differentiation on origin, the barriers were

respectively categorized into macro and micro. Since their

relevance is above all emphasized by the fact that they

have a negative effect on biofuels competitiveness, mid-

stream segment of biofuels supply chain will be briefly

considered in the analysis of the biomass conversion.

3.1 Macro-level barriers

The macro-level barriers impacting biomass supply are

presented in Fig. 2. Having been reproduced in the root

definition by the ‘Actors’ and ‘Environment’ of the CAT-

WOE in Table 1, they result essentially from economic

factors, political decisions, as well as sustainability con-

cerns that impact not only the price competitiveness but

also the trade of biomass-to-energy.

The impact on price competitiveness results mainly

from three factors. The first one is the absence of central-

ized marketplaces for biomass-to-energy that prompts a

lack of commodity pricing [50]. The second factor is the

fact that the development of international trade of biomass-

to-energy is in its initial stages, being currently limited by

the circumstance that mostly by reason of protectionism

many countries tax biomass-to-energy with the same

import duties as foodstuff [12, 44, 54]. And the third factor

becomes relevant when there is an imbalance between

biomass-to-energy supply and demand sides [12, 22, 25].

This imbalance might occur in the case of some critical

biomass resources, especially those linked with heating

purposes, where the supply capacity is frequently not able

to meet high and unforeseen demand requirements and

prices become volatile [12, 26].

The aforementioned market organization generates a

lack of price transparency causing uncertainties that make

difficult for potential investors to get a full overview of

critical conditions to an investment [24]. Thus, they result

on constraints on investments in more efficient biomass

production systems and conversion technologies that are

essential for improving biofuels competitiveness [24].

Furthermore, as biomass-to-energy markets are not suffi-

ciently developed; they can be immature and unstable

[13]. Hence, trade of biomass-to-energy is largely bilat-

eral and as the literature highlights poorly documented

[12, 24, 25].

Fig. 2 Macro-level barriers
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Regarding sustainability concerns, the use of land and

water for the production of biomass resources, especially

energy crops, is amongst the most relevant pressures on

biodiversity and ecosystems [43]. This is mostly associated

with deforestation, nutrients loss, dissemination of fertiliz-

ers, pesticide application with harmful environmental effects

and above all groundwater depletion [29, 43, 49]. Besides,

biomass-to-energy production may also generate relevant

pressures on food security, especially when there is compe-

tition with food production in fertile land use [9, 18].

All these concerns strengthen the need of a sustainable

production of biomass-to-energy, that is, to develop bio-

mass-to-energy resources and exploit their potentials with

economical, environmental and social benefits [12, 44, 45,

54] and to establish certification schemes for ensuring it

[51].

Being essential for the sustainable exploitation of bio-

mass potential, certification is a complex matter because of

the diversity of views on sustainability that shows a very

close interaction of economic, environmental as well as

societal issues [46].

3.2 Micro-level barriers

The micro-level barriers are reflected in Fig. 3. They result

from decisions, made by the ‘Actors’ referred to in the

CATWOE, related to the variables that, by determining the

performance of the logistics system, influence the effi-

ciency and cost-effectiveness of the biomass supply chain,

due to the causal linkage between its logistics areas [2] or

supply system’s areas.

3.2.1 Cultivation

Variables: land use, site selection, crop choice, land and

water availability, assent of local community.

As benefits of biofuels become progressively evident,

dedicated growing of energy crops is being increasingly

used as biomass feedstock to provide vegetable oil for the

production of biodiesel, or sugar molasses and maize corn

for bioethanol.

When energy crops need to be grown, the decision-

making process involves mainly issues regarding land use,

crop choice and site selection.

Land use is linked with crop choice, as it refers to land

availability and its quality that are associated with the

expected yields per hectare and conversion efficiency into

energy carrier of biomass feedstock to be cultivated [23,

38, 49]. While the yields per hectare and the conversion

efficiency of biomass feedstock concern crop selection,

land quality is mainly coupled with soil fertility, water

requirements and availability [23]. Thus, site selection has

an increased importance for the sustainable production of

biomass-to-energy as it includes issues related to soil type,

land requirement and competition for land use with food

industries. Other issues such as those associated with the

impact on biodiversity and ecosystems and water resources

[23, 53] as well as proximity of the cultivation site to the

processing plant or to the export port are likewise consid-

ered [20, 41]. The proximity is relevant due to the impact

of the cost of local transport on biomass-to-energy supply

cost and hence on biofuels competitiveness [20]. As a

result of the confluence of all those issues, depending on

Fig. 3 Micro-level barriers
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site selection decisions, cultivation might become a barrier

to biofuels development and economic viability [3].

At site selection decision-making process, besides

above-referred considerations, the assent of local commu-

nity to energy crop cultivation has to be addressed, due to

the involved socio-economic and cultural issues. As a

matter of fact, in traditional areas, agriculture is closely

connected with the formation of local cultural roots and

cells of ecosystems dependent on human activities

[31].This issue becomes critical when energy crops are to

replace food-assigned monocultures [18].

3.2.2 Harvesting

Variables: crop seasonality, weather variability, manual

(labour), mechanized (investment on technologies).

For addressing harvesting, there is a need to take a

supply chain perspective reflecting its close relationships

with cultivation, storage, transportation and even conver-

sion, rather than to consider the area isolated [2, 3].

The type and use of biomass feedstock depend on the

characteristics of the biomass demanded by the conversion

plant [3] and determine the harvesting, storage as well as

the transport systems to be used. And, the harvesting pro-

ductivity might set the storage capacity requirements and

truck local transport operations [2].

Furthermore, biomass feedstock yields are highly

depending upon three factors: (1) the harvesting season’s

length, (2) the moment selected within the season to carry

out harvesting operations and (3) the harvesting system and

weather conditions [3].

As a result that weather conditions might change over

multiple time periods during harvest season, and harvesting

operations are carried out weather permitting, harvesting

represents an uncertainty factor in biomass cost-effective-

ness [10] and might become a barrier to the sustainable

supply and competitiveness of biomass-to-energy.

Hence, any decision-making process at harvesting has to

address issues related to crop seasonality, weather vari-

ability and harvesting system, storage, as well as trans-

portation to be applied [2, 23, 25].

Harvesting system can be manual and mechanized, with

both benefits and disadvantages, and respective decision

may be controversial due to social and economical reasons

[2, 3, 18, 51].

3.2.3 Conversion

Variables: pre-treatment technologies and refining.

Conversion consists of two processes. Primary conver-

sion, also named physical or pre-treatment, takes place

in the biofuels upstream segment, and the secondary

conversion occurs in the biofuels midstream segment or

refining phase [5, 16].

The main purpose of pre-treatment is to reduce biomass

supply cost by contributing to the optimization of storage

capacity and reduction in local truck transport costs [2], as

well as to increase biomass secondary conversion effi-

ciency [5, 16, 27].

As storage, transport and handling costs are mainly

based on the volume of the material to be transferred, there

is an economic driver to reduce biomass volume early in

the supply chain and prior to transport [19, 56].

Pre-treatment can be achieved by the application of a

number of technologies such as drying, resizing, densifi-

cation and fractionation [5], each one with specific

requirements, advantages and disadvantages [2]. The

choice of pre-treatment technologies is usually determined

by the properties of the biomass source, storage capacity

and requirements of conversion plant in terms of biomass

volume, quality and supply’s frequency [3].

Pre-treatment efficiency is a key issue regarding biofuels

economic feasibility due to the relevant impact on biomass

supply costs. When it is inefficient, pre-treatment may give

rise to a barrier to an efficient biomass supply, as becoming

a biomass supply cost-increasing factor [3].

The secondary conversion or refining process is the

conversion of biomass into biofuels and high valuable co-

products such as biobased products, biomaterials and bio-

chemicals [9, 27, p. 1984].

Since investments in biorefineries are capital–intensive,

they would become economically not attractive if

depending only on biofuels, because biofuels are high-

volume and low-value products [5, 30]. So, co-products

gain an increased importance, as respective high margins

not only compensate the low value of biofuels [5] but also

make biofuels cost competitive [5, 9, 27].

This importance of the co-products for biofuels com-

petitiveness results from the fact that biofuels and fossil

fuels are competing on direct production cost basis, and

fossil fuel externalities are not considered in cost

accounting [9].

3.2.4 Storage

Variables: facilities location and capacity.

Storage is a major issue concerning the cost of biomass

supply chain logistics. It is needed in the points of the

supply chain in which biomass resources availability and

subsequent transportation are not coincidental [20]. And it

can be located in the cultivation area, in the conversion

plant, in intermediate points between cultivation area and

conversation plant, or even in the export harbour [2].

Decision-making related to storage has to take into

account not only biomass organic nature that may restrict

26 Logist. Res. (2012) 5:21–31
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storage time [41, 42], but also its location and capacity that

may determine the volume of inventory in each operation

and/or planning period [1]. Several biomass feedstocks have

seasonal harvesting, and when biomass secondary conver-

sion occurs all year round, large quantities have to be stored

[39]. In such cases, large gathering storage is required.

The location and capacity of storage as well as pre-

treatment efficiency and the number of delivery trips

impact the local transport cost of biomass supply [2]. This

cost becomes very high and thereby increases biomass

supply costs, harming biofuels competitiveness, when

storage facility is of small capacity, located not close to

conversion plant, and this one requires regular supply

volumes exceeding referred capacity [2].

3.2.5 Transportation

Variables: mode choice, operational variables (distance,

product weight, product volume, carrying capacity, fossil

energy consumption)

Transportation establishes the physical link between all

activities of the biomass supply chain. In general, after

harvesting, biomass feedstock is transferred to a gathering

storage facility where it is pre-treated and thereafter

transferred again to conversion plant or harbour according

to the demand requirements [20]. Local transport is usually

performed by truck, and long distance runs by train and

ship [20].

With transportation are associated relevant variables that

may inhibit a cost-effective biomass development, mainly

due to biomass physical and chemical properties that might

harm biomass supply efficiencies [2, 23, 24]. Whether

biomass is wet or dry, the low density and bulky nature by

influencing the product weight and volume of biomass to

be hauled in each trip make its transport costs high and, in

general, all logistics operations expensive. This enforces

the relevant importance of pre-treatment [5, 20, 56].

Other factors such as trip distance, truck carrying capacity

and fossil fuel consumption may have the same negative

impact on local transport cost and logistics operations

making, together with the effect of aforementioned proper-

ties, biofuels less competitive than fossil fuels [2, 20].

Biomass local transport costs are, in general, high when

biomass feedstock is dispersed over large areas requiring

therefore significant road haulage, when there is lack of or

no efficient biomass pre-treatment technologies and when

biomass is produced and used in different sites, having

large volumes to be collected and transferred [5, 20, 56].

3.3 Summary

The analysis shows that the micro-barriers are highly

interconnected and extensively interdependent. Hence,

when planning biomass supply chain management, those

traits highlight the need of taking an integrated, holistic

approach. And also the need to consider that biomass

supply chain is particularly vulnerable to sustainability and

competitiveness risks resulting, for instance, from the lack

of support from governments, public and other stakehold-

ers, based on economic and political issues as well as on

environmental and food security concerns, associated with

the macro-barriers.

4 Discussion

Table 2 shows the key findings that have been drawn and

the conditions conceptualized that will enable the fulfil-

ment of the Transformation’s objective described in

CATWOE definition.

Key findings related to economical and political issues

as well as sustainability concerns are depicted in the item 1.

Those regarding biomass-to-energy sustainable and com-

petitive supply are reflected in the items 2 up to 6.

1. To overcome the economic, political and sustainability

factors that affect the development and international

trade of agricultural-related biomass-to-energy, there is

a need for increasing regional and national supportive

government policies, such as tax exemptions, tariff

incentives, investment subsidies, obligatory blending

of biofuels with fossil fuels and political decisions

promoting a biofuels-sustainable production, trade and

use. Germany [4, 35], USA [48] and Brazil [17] are

examples of countries whose policies led to a relevant

growth of biofuels production and use. For supporting

those decisions, governments have to invest on research

and development. Moreover, there is a need for the

establishment of centralized or commodity markets for

biomass-to-energy, to secure long-term and sustainable

supply and demand of biomass-to-energy providing

benefits to all parties involved. And also there is a need

for the setting of worldwide-accepted sustainable

biomass trade certification [32]. There are, for example,

certification criteria for biomass-for-energy as

EUGENE (European Green Electricity Network) and

Green Gold Certificate, a track and trace system for

biomass, developed in the Netherlands [32]. Neverthe-

less, for the control of biomass trade, there are so far

neither sustainable criteria nor a certification system

due to the fact that there is no consensus regarding the

criteria that should be considered to ensure a sustain-

able biomass trade. [51]. Thus, for avoiding that,

although essential, certification might become a barrier

to biomass development and international trade, it is of

utmost importance that the definition of sustainability

Logist. Res. (2012) 5:21–31 27
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criteria results from transparent discussions between

biomass-producing and biomass-consuming countries

[51].

2. In cultivation, decision-making process site selection

and land use are of utmost importance, especially

when biomass-to-energy production may lead to a

competition with food agriculture. The importance

becomes more critical whenever it implies a shift away

from traditional production, mostly associated with

well-adapted land use, towards new energy crops

cultivation. This results from the fact that in addition to

land use change, shifts constitute mainly a move from

a single hierarchical decision-maker such as the farmer

to an integrated and more complex production–distri-

bution system [31]. In this context, the assent of the

local community is therefore essential [31].

3. Harvesting-related decisions may sometimes become

twofold controversial: firstly, manual harvesting,

although benefitting employment and having low

labour cost, may have harmful environmental effects

[18, 51]; secondly, mechanized harvesting involves the

financial risk of capital-intensive investments [51]. A

most cost-effective and efficient harvesting system

resulting from such investment may require an inten-

sive storage systems, from which investment economic

viability might not be assured by the biomass demand

of the conversion plant [2, 3]. Besides, mechanized

harvesting may generate an increase in unemployment

in rural areas [51].

4. Conversion decision-making process is pivotal for

biofuels competitiveness, as pre-treatment has a

relevant impact on biomass supply costs and refining,

which determine the economic profitability of biofuels

production [9]. Thus, conversion-related decision-

making has to jointly consider (a) investments in

pre-treatment technologies, (b) pre-treatment location

and performance and (c) investments in biorefineries

that represent the key for biofuels competitiveness,

due to the high margins of the processed co-products

[5].

Table 2 Key findings

Key findings Involved area Involved actors Factors in decision making

1. Need for biomass-to-energy

supporting policies

Need to promote biomass

sustainable production and use

Need to Invest in research and

development

Need of setting of worldwide-

accepted certification schemes

Establishment of biomass

central markets

Market development

Biomass certification

Taxation and tariff policies,

research and development

Biomass production, supply

chain optimization

Governments

Researchers, farmers

Abolition of import barriers

Tax and tariff incentives

Development of biomass

international trade

Definition of common

sustainability criteria

Research and development

2. Importance of planning land

selection and use to avoid

competition between biomass-

to-energy and food productions

Importance of the delimitation

of cultivation areas for

biomass-to-energy production

Cultivation Researchers

Farmers

Local community

Governments

Land selection

Land use

3. Complexity of the decision

making regarding harvesting

system to be used

Harvesting Researchers

Farmers

Governments

Harvesting equipment

versus labour manual

4. Importance of conversion

decision-making for biofuels

competitiveness

Pre-treatment, refining Researchers, farmers, storage owners,

refineries

Technologies and location

of pre-treatment and

refining

5. Importance of transport

planning in the framework of a

supply chain strategy

Transportation Researchers, farmers

Storage owners/operators

Transport providers

Refineries

Transport operations

optimization

6. Importance of storage location

and capacity for the supply

chain cost-effectiveness

Storage Researchers

Storage owners/operators

Researchers

Storage location and

capacity optimization

28 Logist. Res. (2012) 5:21–31
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5. In transportation, decision-making processes have an

increased importance in the pre-treatment technologies

and cargo consolidation [20, 24]. Due to the diversity

of the actors involved in the biomass supply chain, for

enabling a reduction in transport costs, there is a need

to develop a collaborative and information-sharing

strategy to ensure a high level of supply co-ordination

and information flow transfer. Hence, transport oper-

ations have to be linked to the supply chain strategy

[37].

6. Both storage location and capacity are important for

biomass supply chain cost-effectiveness, as they

might be cost reduction factors and contribute to

biomass supply efficiency, because any shortening of

transport distance and any scaling effect, or increase

in volume to be hauled, provide supply cost reduc-

tions [19, 28].

5 Conclusions

The research reveals that for overcoming the barriers that

may inhibit the development of agriculture-related bio-

mass-to-energy and biofuels in a sustainable and compet-

itive way, apart from government incentives based on

economic and environmental requirements, (1) biomass

supply chain optimization is essential and (2) bio-pro-

cessing technologies have to be efficient.

Supply chain optimization will enable the supply chain

to obtain significant efficiency gains and effectiveness in

the mitigation of environmental and social impacts. And

efficiency of bio-processing technologies will enhance to

keep high the value of the co-products resulting from

biomass conversion.

The optimization of biofuel supply chains is closely

related to the existing interrelationship and interdepen-

dence between all biomass supply areas, namely cultiva-

tion, harvesting, storage, conversion/pre-treatment and

transportation. It refers to

(a) a choice of inedible crops with high yields;

(b) an operational co-ordination at tactical and strategic

levels between transportation and pre-treatment as

well as storage, that are associated with efficiency and

scaling effects, for ensuring the best logistic system

integration; and

(c) the use of advanced efficient process technologies,

to enable relevant reductions in environmental and biomass

production costs, and an increase in biofuels competitive-

ness resulting from high-value biobased products, bioma-

terials and biochemicals processed together with biofuels

in the biomass refining.

On identifying the close interdependencies that exist

amongst all biomass system’s areas, as well as the variables

that influence biomass supply chain cost, the research gives

evidence that biomass supply chain optimization deals with

a wide set of complex strategic and operational decision

choices not comprehensively enough analysed so far. The

need for operation research analysing in depth the effects

of the referred variables on the cost performance of the

biomass logistics system is therefore critical.

That research should cover a widest possible range of

agriculture-derived biomass, to become a consistent deci-

sion support on biomass supply chain optimization.

Besides, considering the great move towards an expanded

biofuels use, it should address large-scale biomass supply.
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