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Abstract The human dependency on finite fossil fuel has
led to its drastic depletion. Along with its detrimental
effects on the environment, such practice is now deemed
unsustainable. This phenomenon has led to the growth for
utilisation of biomass in the production of biofuels, bio-
chemical and other related bioproducts. This waste-to-
wealth strategy is no doubt highly beneficial to the society.
However, the major challenge in the commercialisation of
bioproducts production includes the complex conversion
processes and the uncertainty in the supply and sources of
biomass. Therefore, efficient supply chain management
and optimisation is essential to overcome these barriers and
variables that may constrain the development of a com-
petitive and sustainable bioproducts market. This overview
provides an extensional definition of biomass-to-bioprod-
ucts supply chain and systematically describes the prob-
lems and decisions along this chain. It also identifies the
characteristics of a sustainable integrated biomass supply
chain, and finally presents an overview of biomass supply
chain synthesis and optimisation methods. Based on the
existing research gap, the key challenges and potential
future works are highlighted. This paper will provide
readers with an initial point to understand the concept of
sustainable biomass supply chain management and the
synthesis and optimisation of sustainable biomass supply
chain models.
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Introduction

Fossil fuel has been providing us with a very useful energy
source, and is one of the pillars supporting our modern
society and industries. To date, it is still dominant in the
energy market, accounting for about 86 % of the global
energy usage (BP 2015b). The world energy consumption
has doubled since 1973 and it is projected to increase by
another 100 % by 2040 (IEA 2015). The depletion of
limited fossil fuel and its undesirable environmental
impacts make it no longer sustainable. Consequently, the
terminology of sustainability has been more familiar in
each area of development and become one of the main
focuses in the society. With the awareness of global sus-
tainability, public has been focusing on primitive and clean
renewable energy resources as an attractive and sustainable
opportunity to achieve future energy security and fuel
diversification (Klemes and Lam 2009). Utilisation of
renewable energy has been under intensive research and
development (Klemes et al. 2013). It is influencing the
current energy development significantly and its contribu-
tion is predicted to increase from 3 to 8 % from 2015 until
2035 (BP 2015a).

Among all the renewable energy sources, bioenergy or
biofuel, which are energies derived from biological mate-
rial, is the most common and largest source of energy
known to mankind. Utilisation of bioenergy is able to meet
the ever-increasing energy demand and reduce greenhouse
gas emission. In the past decades, food crops have been
extensively utilised for first-generation biofuels production.
In spite of that, “fuel vs food” appears to be the most
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controversial issue in the production of first-generation
biofuels (Sharma et al. 2013). The commercialisation of
first-generation biofuels leads to an expansion in the
amount of crops being diverted away from the global food
market. To avoid such ethical problem, this trend has
shifted to second-generation and third-generation biofuels,
which utilises non-food crops such as lignocellulosic bio-
mass, organic residues and algae as feedstocks for biofuels
generation. Besides, utilisation of the wastes provides an
opportunity to solve waste management issue. Following
the tactic in the crude oil and petrochemical industry,
biomass-based manufacturing also aims to substitute crude
oil-based manufacturing of carbon-containing products
such as biochemicals, materials and polymers (Sadhukhan
et al. 2014). It targets to produce chemical building blocks,
simple yet highly functionalised molecules for industrial
applications via organic synthesis. As compared to crude
oil, biomass-based production is capable to synthesise
more varieties of chemicals due to the presence of oxygen,
a wider range of functional groups and bond types in the
raw biomass.

Biomass appears to be a promising renewable feedstock
for energy generation and chemical synthesis. However,
the shift to biomass as a feedstock is yet to be proven
feasible and sustainable at industry scale as it is full of
challenges starting from the harvesting and pre-treatment
of biomass to the production and delivery of bioproducts.
The main obstacle to the development of a strong bioen-
ergy sector is the economic potential of the biomass supply
chain since handling and transport of biomass from the
source location to the conversion facility induce a variety
of economic, energetic and environmental implications.
Obviously, high investment and operational cost of biore-
finery oppose market penetration and inhibit fair competi-
tion with the traditional oil refinery. Besides these barriers,
the uncertainty in the biomass supply, logistic, transporta-
tion, operation, production, price and demand obstruct the
commercialisation of biomass supply chains. To link up
these green technologies from pre-treatment to process and
delivery, a sustainable biomass supply chain development
is a key point in this green belt (Lam et al. 2015). Sus-
tainable supply chain or network can be referred as the
operational management method and optimisation
approach to lessen the environmental impact and the cost
of manufacturing along the life cycle of the bioproducts:
from the raw material to the end product. These activities
should lead to economic growth, environmental protection
and social progress for the green technology utilisation. To
achieve a sustainable development, the supply chain should
not only focus on transportation/logistic task. The special
focus must be given to the latest conservation of biomass
(mass and energy) used in the process, the possibility of
integrating green resources, the consideration of industrial
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symbiosis relationship and the network synthesis with
multi-objectives of environmental, technical, economic,
safety and social factors.

To date, there are plenty of research and works cov-
ering the different aspects of biomass supply chain. This
paper aims to (1) review and organise these works into
different aspects, (2) provide a clear understanding of
sustainable biomass supply chain concept from different
aspects and (3) highlight the future challenge and scope in
supply chain based on the existing research gap. These
references are reviewed and categorised into three differ-
ent aspects: (1) scope of sustainable biomass supply chain,
(2) elements in sustainable supply chain and (3) sustain-
able supply chain modelling methods as shown in Fig. 1.
This paper is organised into 6 sections. “Introduction”
section describes the importance of supply chain in
introducing biomass as a clean and renewable feedstock
for bioenergy and biochemical production in an industrial
scale. “Overview of biomass supply chain” section pre-
sents an extensional definition for biomass-to-bioproducts
supply chain and introduces the structure of a typical
upstream biomass supply chain based on the review of
traditional supply chain and biomass-to-energy supply
chain. It also highlights the interrelationship and interde-
pendence of the components within the chain, portraying
the typical scope and decision considered in supply chain
design and management. “Lean, agile, resilient and green
in sustainable biomass supply chain” section introduces
the roles of lean, agile, resilient and green elements in
sustainable biomass supply chain. “Sustainable supply
chain model” section discusses the methods of design and
optimisation for supply chain and how the aforementioned
decisions and scope are tackled. Based on the discussion
and analysis, future potential work for an economic,
energetic, social and environmental sustainable biomass-
to-bioproducts network is outlined in “Future challenges
and scope in sustainable biomass supply chain” sec-
tion. Last but not least, the work is concluded in “Con-
clusion” section.

Overview of biomass supply chain

“Supply chain management” is a term that was first coined
by Oliver and Webber (1982) when they discovered the
advantages of the integration of core business entities of
procuring, production, sales and distribution into a single
unified structure. The advent of supply chain support for
manufacturing in fact happened long before the term came
into context in the mid-1980s. In general, a typical supply
chain network contains four business functions which are
supplier, manufacturer, distribution centres and customers
(Beamon 1998). It involves the movement of products and
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Fig. 1 Taxonomy of
sustainable biomass supply
chain

Sustainable Biomass Supply Chain
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information from the inward bound to the outward bound
of the business as well as from the supply source to the
demand end user (Stevens 1989). Supply chain manage-
ment aims to integrate all the business functions in such a
way that the products are always synthesised and dis-
tributed at the right place, at the right time, fulfilling
desired quantity, quality and service level along with
minimising the total cost of the system (Simchi-Levi et al.
2013). The capability of the supply chain is influenced by
the level of coordination and integration between the par-
ties and entities, along with effective and efficient move-
ment of materials and data (Beamon 1998).

The supply chain management in biomass industry on
the other hand is a big management conundrum. It plays an
important role in the management of bioenergy and bio-
chemical production processes (Gold and Seuring 2011).
Biomass supply chain differs from traditional supply chains
due to several variabilities. These sources of variability
include the uncertainty in biomass availability and supply
due to weather and seasons, the fluctuating chemical and
physical properties of biomass (Cundiff et al. 1997), the
geographical distribution and low transport density of
feedstock, the local transportation system and the distri-
bution of infrastructure, as well as the inconsistent demand
(Fiedler et al. 2007). The complexity deepens owing to the
large number of stages which encompass the entire bio-
mass value chain. A consistent, continuing, cheap and
uninterrupted supply of desired quality raw feedstock is
essential for the biorefinery industry to be competitive. To
ensure the long-term viability of a biorefinery project, a
proper assessment of the transport, storage and handling of
biomass is required (Sukumara et al. 2015). Biomass sup-
ply chain management therefore manages the uncertainty
in biomass source and availability, whereas the traditional
supply chain management copes with market uncertainty to
identify the economic feasibility of the industry.

To date, there are a number of definitions for biomass-
to-bioenergy supply chain management. In general, it is
identified as the integration of five discrete processes of
harvesting and collection, pre-treatment, storage, transport
and energy conversion (Iakovou et al. 2010). In biomass-
to-bioproducts supply chain, the downstream segment,
delivery of biofuels and biochemical to the customer and
the interaction with market demand appears to be an
important activity. In this paper, the product demand
therefore is embedded as the last activity in the chain and
these activities are categorised into 4 components. Hence,
biomass supply chain is defined as an integrated value
chain with 4 components: production and management of
biomass, integrated biorefinery, distribution of product and
logistics linked through the flow of materials and infor-
mation as shown in Fig. 2. There were no distinct bound-
aries amongst these 4 components in the chain as they are
interdependent and interconnected, resulting in varying
degrees of overlapping. Materials change format and
characteristics as they move through the chain and a huge
number of logistical networks are possible depending on
the crop supply and product demand.

Biomass harvesting and management

The biomass source of supply is the initial point for the
planning and development of the entire supply chain. In the
context of biomass as a renewable feedstock for biofuel
production, it is most often defined as any organic or bio-
logical material which is obtainable on a renewable or
regular basis and referred as lignocellulosic (Sadhukhan
et al. 2014). It is usually plants or plant-based materials
which are not meant for feeding purpose such as rice husk,
paddy straw, palm kernel shell, empty fruit brunches, etc.
Industrial and municipal waste which is biodegradable is
also considered as part of biomass. In biomass harvesting
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Fig. 2 Integrated biomass supply chain

and management, the main scope to deal with includes
availability of raw biomass, composition of raw material,
allocation of feedstock, harvesting scheduling and decen-
tralisation of pre-treatment activities.

One of the major barriers in this component is to maintain
constant and continuous supply of biomass feedstock. Bio-
mass is usually locally available but the seasonality of bio-
mass results in uncertain availability. Considering the
climate change and weather, these uncertainties could result
in an inconsistent and even shortage of biomass supply. The
current feedstock management systems are not able to meet
the requirements of a large-scale biorefinery development,
because they are initially designed for small- or medium-
scale handling and logistics requirements (Hoogwijk et al.
2003). In such circumstances, supply chain efficiency and
careful inventory planning would become vital for the sur-
vival of large-scale biorefinery.

One of the characteristics of biomass is the simple fact that
it remains a biologically living matter and it is also chemi-
cally active throughout the supply chain. The biological
activity will alter the composition (i.e. carbon, moisture and
ash content) of the material. This will affect the product
conversion in the biorefinery. From a supply chain efficiency
perspective, it is also critical to evaluate and maintain the
quality of the biomass from time to time. Proper harvesting
schedule can ensure that the quantity and quality of the raw
biomass are within specification limit when it is sent to the
doorstep of the respective biorefineries. Decentralisation of
pre-treatment activity from the biorefinery to the biomass
collection site can help maintain the desired specification of
the raw material before sending to the processing facility. For
instance, oil palm frond juice is extracted from the raw oil
palm frond at the palm plantation as the juice has a longer
storage life as compared to the raw frond. Pre-treatment such
as pelletising converts dense biomass into less dense biomass
to reduce handling, storage and transportation cost. This
explains why pre-treatment can be categorised as an activity
in this component in certain cases especially biomass with
short shelf life and low transport density.
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Integrated biorefinery

In a processing facility or biorefinery, raw biomass is first
pre-treated into more useful processable segments, known
as platforms or precursors (Fernando et al. 2006). These
fractions are then converted into bioenergy (biofuels and
electricity) and biochemical (Sadhukhan et al. 2014). Fig-
ure 3 shows a typical integrated oil palm biomass biore-
finery. An integrated biorefinery that allows multiple
feedstocks, swapping between feedstocks and blending of
biomass source of a distinct or similar nature into highly
diverse portfolio products is a very critical element in the
entire supply chain. Similar to the traditional chemical
plant, this complex system is capable to perform material
and energy exchange to fulfil their needs and attain self-
sufficiency. However, the primary focus here revolves
around the conversion of pre-treatment and major pro-
cessing technologies. The detailed design of the biorefinery
is not our main concern.

One of the challenges that will be faced in this phase of
supply chain will be the determination of facility location.
This decision is usually made by considering sources of
biomass, transportation infrastructure and logistics cost.
Conversion technology selection decisions also play a key
role in structuring of biomass supply chains as they influ-
ence/constrain the choice of biomass materials, type of pre-
treatment needed and capital and operational costs of the
supply chain. Given biomass feedstock and product
requirement, a series of cost-effective technologies can be
selected and thus form the optimum technology network
for particular biorefinery. Prior to that, the sizing of the hub
can also be estimated. In addition, the configuration of
biomass supply chains is very much depending on the
choice between centralised (with a large biorefinery) and
decentralised (with several distributed small biorefineries)
production hub (Yilmaz and Selim 2013). Usually,
decentralised processing facility is preferred for biomass
with low transport density and vice versa for cost-saving

purpose.
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Fig. 3 Integrated oil palm biomass refinery (Kasivisvanathan et al. 2014)
Product distribution Logistics

Product distribution is defined as the manner in which the
products move from the manufacturer to the consumer. In
biomass-to-bioproducts supply chain, final products are
distributed to the customers according to their respective
demand. The logistic network will be greatly affected by
product types. Product in biomass supply chain as men-
tioned can be grouped into two: bioenergy including heat,
electricity and biofuels and biochemicals that can be uti-
lised for various industry applications to satisfy human
necessity such as nutrition, food and beverages, pharma-
ceuticals, fertilisers, biodegradable plastics, surfactants,
fibres, adhesives, enzymes, etc. Bioenergy as a renewable
source of energy has the potential to compete with fossil
fuels due to the significance of such industry in future
needs of sustainable energy. Biochemical on the other hand
gains more attention in the industry especially the high-
value products for pharmaceutical and cosmetics industry.
Bioenergy in the form of electricity and heat can be
transferred to the end user via electricity grid and con-
vection. Solid, liquid or gaseous biofuels and biochemicals
on the other hand can be transported through the existing
transportation system (land, water or air). The supply chain
must be robust and flexible in order to cope with the
fluctuating market demand.

The link that integrates all the components in the supply
chain is logistics. Transportation and storage connects all
the activities together. Typical decisions related to trans-
port phase in biomass supply chain are transportation
mode, schedule as well as transport routes and network.
Transportation mode refers to the type and capacity of
transportation whether land, water or air. It depends on the
infrastructure system around the source, processing and
demand point. Given the capacity of the transport and the
amount of feedstock or product, the number of the trans-
ports can be determined. To ensure that the feedstock and
product can reach the doorstep of the respective biorefinery
and customer on time, the schedule plays an important role.
In fact, the decision of the complete transportation network
and route is made to minimise supply chain costs and travel
time, and also to minimise the environmental impacts of
supply chain activities.

From an inventory planning perspective, choosing a
proper storage system according to holding costs and
storage risks of different types of biomass and bioproducts
is a complex decision to make. It involves a large degree of
uncertainty about the quality and quantity of biomass and
bioproducts (Kudakasseril Kurian et al. 2013). Choosing an
appropriate location for biomass storage facilities is not
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only influenced by the type and characteristics of biomass
materials, but is also constrained by transportation options
(Allen et al. 1998). For bioproducts, it is affected by the
amount and type of material. Further, some researches
recommended on-field biomass storage and on-site product
storage to reduce the overall delivery costs (Huisman et al.
1997). In summary, Fig. 4 presents the scope and decisions
for biomass supply chain management.

Lean, agile, resilient and green elements
in sustainable biomass supply chain

When supply chain management was initially introduced, it
targeted to minimise the cost or maximise the profit asso-
ciated with the supply-to-demand process (Simchi-Levi
et al. 2013). However, supply chain management has been
growing drastically with the growing significance of the
relationship with other suppliers since 1990s (Harland
1996). The main reason behind this was because of the
emergence of a globalised marketspace (Slack 1991).
Different types of supply chains arose progressively due to
consumer influence, market demand and changes in tech-
nology (Nelson et al. 2012). Being more integrative among
all the business firms along the supply chain is the key to
strengthen the entire chain (Wood 1997). In the Japanese
automotive industry (Womack et al. 2007) and the Italian
craft-based industry (Lamming and Program 1989), it can
be observed that these firms are becoming more integrative
to their supply chain partners. The lean concept has added
features that aided to reduce the vulnerability of the
operational processes of the supply chain (Power 2005).
The responsibility for business parties to become dynami-
cally alert to the requests of customers has gradually been
essential (Christopher 2000). There are three characteristics
which contribute to the competitiveness of the business
entities which are speed (fulfilling customer demand
swiftly), agility (sensitivity towards customer demand) and
leanness (doing more with less) (Power 2005). Besides,
Hertz and Thomas (1985) discovered that the traditional
risk management methods are not fully capable to evaluate

Fig. 4 Scope of biomass supply
chain management

the complexities of supply chain network, access the
intricate interdependencies of dangers and cope with the
unpredictable in the future (Starr et al. 2003). Realising
these gaps, researchers and industry people started to
recognise the significance of the concept of resilience along
the supply chain. It is defined as the capability of an
enterprise to endure, adjust and develop while facing tur-
bulent change (Fiksel 2006). On the other hand, businesses
have been gaining momentum to strive towards sustain-
ability and social responsibility after the quality revolution
in the late 1980s and the supply chain revolution in the
early 1990s (Srivastava 2007).

Based on the evolution of supply chain as discussed
above, the elements of sustainable supply chain manage-
ment can be categorised as follows: lean, agile, resilient
and green (LARGe). However, there were no distinct
boundaries amongst them due to varying degrees of over-
lapping. In biomass-to-bioproducts supply chain, they play
roles which are equally important in different phases of
product life cycle, contributing to the sustainability of the
entire value chain. Product life cycle is defined as a 4-stage
cycle which every product goes through as shown in Fig. 5.
When a product is first introduced in the market, the high
production cost and low sales result in no profit. As the
product sales grow, high demand will cause the production
cost to drop and profit to increase. This phase evolves into
one where product maturity occurs and demand becomes
the highest and constant. In the decline stage, demand is
reduced, resulting in lowered sales and decreased margins.
Biorefinery is still a relatively new concept and uncommon
to the public which makes bioproduct share a very small
market demand. As shown in Fig. 5, bioproduct is labelled
at the boundary between introduction and growth stage.
Due to the presence of very competitive oil refinery, the
market size for bioproducts is still small and inconsistent.
On the other hand, the investment in research and devel-
opment to ensure clean and cost-effective technologies and
biomass feedstock is very high. Bioproduct therefore is still
at the introduction stage and it is just about to grow. The
following sub-sections will discuss the role of LARGe in
the respective product life cycle stages of bioproducts.

Integrated Biomass Supply Chain

I | |

| Biomass Harvesting and | ‘ Integrated Biorefinery ‘ ‘ Product Distribution | | Logistics ‘
Management I | l

o Availability e Tcchnology Sclection o Type of Product o Transportation Mode

o Quality and Configuration o Allocation of Product o Transportation Schedule

o Harvesting Schedule e Location e Dcemand o Transportation Route

o Pre-treatment o Capacity and Size and Network

o Allocation of Feedstock | |e Centralised VS e Storage Location
Decentralised o Storage Capacity
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Fig. 5 Product life cycle of bioproduct

Lean biomass supply chain

Supply chain was first introduced with the main goal of
producing what the customer demanded, with minimum
attention paid to flexibility or conversation of resources
(Lummus and Vokurka 1999). The concept lean was then
introduced in supply chain which is about doing more with
less. It aims to eliminate waste and non-value steps along the
chain, striving for continuous improvement. The purpose of
minimisation of waste is not meant for environmental but
economic reasons. It targets to attain internal manufacturing
efficiency and step up time reduction which allow economic
production of small quantities, boost cost reduction and
profitability as well as increase flexibility to some degree
(Vonderembse et al. 2006). Just-in-time manufacturing is
employed to ensure that the necessary materials arrive when
they are needed in the right quantity resulting in a smooth
flow of materials. The level of production is driven by market
demand in order to avoid overproduction or underproduc-
tion. With effective setup time, lean supply chain is able to
provide manufacturing flexibility for biomass-based prod-
ucts in their maturity state when their demand is pre-
dictable and the required volume is high. It helps maintain
close-to-zero inventories and reduce work-in-process which
can contribute to economical sustainability. However, it is
the lack of external responsiveness to customer demands
which makes it too brittle to withstand market fluctuation and
unpredictable disruptions for now.

Agile biomass supply chain

Agile supply chain goes for quick responses to customer
inquiries and market change while controlling cost and
quality. It possesses a number of distinguishing character-
istics as shown in Fig. 6. Firstly, it appears to be better to

Market
Sensitive

Process
Integration

Network
Based

Fig. 6 Element of agile supply chain (Christopher et al. 2004)

deal with market disturbances (More and Babu 2008),
relating to the boundary between companies and markets,
acting as an external perspective on flexibility (Von-
derembse et al. 2006). The use of information technology
such as enterprise resource planning (ERP) and multi-agent
technology (both of these IT-driven models will be dis-
cussed in the “Sustainable supply chain model” section) to
capture data on demand directly from the market allows the
firm to be market sensitive and responsive. It also enables
the sharing of information between biomass suppliers,
bioproduct manufacturers and buyers, thus creating a vir-
tual supply chain (artificial supply chain that is simulated
by software) based on market demand. Sharing of data
among biomass supply chain partners can only be com-
pletely achieved through process integration. Process
integration is defined as the collaboration between all the
players within biomass supply chain, joint feedstock, pro-
duct and technology development, common systems as
well as shared information (Christopher 2000). Through
the incorporation of organisations, the supply chain appears
as a network that is agile. The agility of the biomass supply
chain depends on the strength of the network and the ability
of organisations to structure, coordinate and manage the
relationships with their partners. Agility is important for
the current state bioproducts. As it is still in the introduc-
tion, the unpredictable market demand can be handled with
elements of agile supply chain, making the entire biomass
supply chain sustainable.

Resilient biomass supply chain

Traditional risk assessment focuses on operational risks
and familiar sources of potential disruptions that have
caused trouble in the past. However, the risks in the supply
chain are constantly evolving and unpredictable, making
them rather difficult and challenging to cope with. Biomass
supply chain risks can be grouped into 3 categories:
internal operational risks, internal supply chain risks and
external environmental risks as shown in Fig. 7 (Christo-
pher and Peck 2004). Internal operational risks refer to
disruptions to the operations of the biorefinery such as
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Internal Supply Chain Risk

Internal Operational Risk

Supply HPre-treatmentH Intermediate H Conversion H Product H Demand

Fig. 7 Risk within biomass supply chain

product development, manufacturing, transport, distribu-
tion and infrastructure. Internal supply chain risks revolve
around the upstream and downstream biomass supply chain
partners. It is either caused by the interruptions to the flow
of biomass feedstock/bioproducts or unpredictable cus-
tomer demand. For external environmental risks, they are
external forces that may impact the entire supply chain. It
usually relates to economic, social, governmental and cli-
mate factors. For instance, climate change can affect the
availability of the biomass feedstock. In a resilience
improvement study, actions to reduce the impacts of a risk
are defined regardless of the cause and the probability of
occurrence. It is therefore able to prepare protective plans
for all the events, even with a very low probability. A
resilient biomass supply chain then has the capacity to
overcome disruptions and continually transform itself to
meet the changing needs and expectations of the public,
market demand, shareholders and other stakeholders. It is
essential for the entire enterprise to play their roles in
creating and maintaining the resilience of biomass supply
chain throughout its product life cycle.

Green biomass supply chain

Green supply chain management exposes the applications
of the most important sustainable development issues. It
demonstrates how green technologies and practices can be
implemented and, in line with this, the motivation of
money saving and improved efficiency. There are plenty of
existing green supply chain interpretations, which all

Green Reverse
Production Logistics

Green
Logistics

Fig. 8 Concept of green supply chain
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basically circulate around the aim of reducing environ-
mental impact along the process (Srivastava 2007). Fig-
ure 8 shows the important features of green supply chain.
Green design refers to the design of the supply chain that
encourages environmental awareness. Life cycle analysis
(will be discussed in detailed in “Sustainable supply chain
model” section) is an important sub-concept to green
design. It was introduced to measure environmental impact
of the entire supply chain, from biomass harvesting, bio-
products processing, bioproducts distribution and disposal.
In fact, the economic, environmental and social sustain-
ability are normally accepted as the triple bottom lines,
which should be systematically assessed and enhanced
throughout the life cycle analysis (Liu and Huang 2015).
Biomass supply chain itself is a green supply chain. Green
supply and green production can be achieved by utilising
less polluting feedstock and clean technologies. In biomass
supply chain, biomass feedstock is claimed to have zero
carbon footprint. Meanwhile, researches are working
towards cleaner and more cost-effective conversion tech-
nologies. Green logistics describe all attempts to measure
and minimise the environmental impact of logistics activ-
ities. It is attainable by proper transportation network and
scheduling planning. At the final stage, reverse logistics are
necessary to ensure economic, environmental and societal
sustainability (Ramezani et al. 2013). Reuse, recycling,
remanufacturing and refurbishing should be incorporated
into biomass supply chain to eliminate the production of
waste. For instance, fermented soybean paste residue can
be reused for livestock feed. These green concepts should
be incorporated into biomass supply chain to strive for
sustainability.

Sustainable supply chain model

There are a number of modelling approaches that are
applied to synthesise and solve supply chain problems. To
ease the evaluation and appraisal of supply chain models,
they are first categorised based on the main mathematical
optimisation methodology. Mathematical optimisation
techniques are represented by sets of variables and equa-
tions that define the reality phenomena (Min and Zhou
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2002). The mathematical models are categorised as (1)
mathematical programming, (2) heuristics approach, (3)
hybrid model and (4) IT-driven models. Mathematical
programming approaches, like linear programming (LP)
and mixed integer linear programming (MILP), determine
the values of the decision variables that optimise (max-
imise or minimise) an objective function among all sets of
values that satisfy the given constraints. Heuristic approa-
ches, like genetic algorithms, search for satisfactory (i.e.
local) but not necessarily global optimal solutions to reduce
runtime. Hybrid model employs mathematical modelling
together with theoretical and hierarchical approaches such
as life cycle analysis for decision making in supply chain.
IT-driven model reflects the current advances in IT for
improving supply chain efficiency. IT-driven models aim
to integrate and coordinate various phases of supply chain
planning on a real-time basis using application software so
that they can enhance visibility throughout the supply
chain.

Mathematical programming

In mathematical modelling, the problem will be repre-
sented by a mixed integer programming (MIP) or mixed
integer linear programming (MILP). These models can be
solved using the conventional e-constraint method (Guillén
et al. 2005a). The main benefit of using traditional math-
ematic programming is that the optimum solution can
always be found. However, it is not capable to solve the
real-time optimisation of large-scale problem which is
often fuzzy (Turan et al. 2012). The required computation
time will increase significantly when the problem size
increases.

In the early days, mathematical programming often
focused on single-objective optimisation (i.e. economic)
(Robinson and Satterfield 1998). It is utilised to solve
resource allocation and product distribution (Lee and Kim
2000). The focus is often on the logistics and transportation
network (Syam 2002). Recently, Lam et al. (2013)
emphasised technologies selection as one of the important
components in biomass supply chain. A two-stage mathe-
matical optimisation model was proposed for optimal
technologies selection as well as logistics and transporta-
tion network. Uncertainties inherent in biomass value chain
can also be captured via mathematical modelling (Peidro
et al. 2009). Sustainable biomass supply chain management
does not focus on the economic aspect entirely. Mathe-
matical model is capable to cope with multi-objective
optimisation, taking into consideration the other aspects
(i.e. environment and social) (Liang 2008). Scheduling is
one of the scopes which can be solved using mathematical

models. Amaro and Barbosa-Pévoa (2005) proposed
mathematical formulation to optimise scheduling for
industrial supply chain. The list of works which imple-
mented mathematical modelling technique in solving sus-
tainable supply chain problem is tabulated in Table 1.

Heuristic approach

To overcome the coordination problem in supply chain
network synthesis, Akanle and Zhang (2008) proposed a
heuristic algorithm, called genetic algorithm, to dynami-
cally solve the supply chain synthesis problem. During the
past few decades, genetic algorithm has often been
implemented to solve single-objective and multi-objective
optimisation problems in production and operational
management that are non-deterministic polynomial-time
hard (NP-hard). Recently, genetic algorithm technique has
been modified to suit each specific problem. The publica-
tions related to genetic algorithm implemented in supply
chain management are listed in Table 2.

Another technique which also has been widely used is
ant colony optimisation is meta-heuristic technique. This
technique is one of the nature-inspired meta-heuristics that
mimics the behaviour of ant colonies and the evaporation
effect of the pheromones during their food search process.
Despite that optimum solution is not guaranteed, it pro-
vides a useful compromise between the amount of com-
putation time necessary and the quality of the
approximated solution space (Moncayo-Martinez and
Zhang 2011). Ant colony optimisation was initially used to
solve the decision-making problems which involve only
single-objective function (Bullnheimer et al. 1999).
Recently, it has been proven that ant colony optimisation is
capable to solve many real-world problems efficiently and
effectively. In supply chain, it is commonly used to solve
capacity planning (i.e. centralisation vs decentralisation),
resource allocation and scheduling problem. Table 3 shows
the list of works which implemented ant colony optimisa-
tion technique in supply chain management.

On top of that, another swarm-based optimisation
model, bee algorithm, has been introduced by Pham et al.
(2005). Similar to ant colony optimisation, bee algorithm is
also a nature-inspired heuristic. Bee algorithm is actually
an algorithm that mimics foraging behaviour of honey bees
to find the best source of food. Recently, bee algorithm has
proven to be a more powerful optimisation tool which is
able to determine better Pareto solutions for the supply
chain network synthesis problem compared with the
aforementioned ant colony optimisation technique (Mas-
trocinque et al. 2013). A list of works which applied bee
algorithm in supply chain management is tabulated in
Table 4.
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Table 1 Mathematical programming in supply chain synthesis

Author (year)

Remark

Robinson and Satterfield
(1998)

Petrovic et al. (1998)

Dogan and Goetschalckx
(1999)

Li and O’Brien (1999)
Lee and Kim (2000)

Jayaraman and Pirkul
(2001)

Syam (2002)

Cakravastia et al. (2002)

Jayaraman and Ross (2003)

Yan et al. (2003)

Amaro and Barbosa-Povoa
(2004)

Erol and Ferrell Jr (2004)

Chen and Lee (2004)

Amaro and Barbosa-Pdvoa
(2005)

Ryu (2005)

Graves and Willems (2005)

Guillén et al. (2005a)
Amiri (2006)

Liang (2006)

Guo and Tang (2009)
Liang (2008)

Peidro et al. (2009)

Franca et al. (2010)
Xu and Zhai (2010)

Paksoy et al. (2012)
Seifert et al. (2012)
Afshar and Haghani (2012)

Li and Womer (2012)
Ramezani et al. (2013)

Lam et al. (2013)
Ng et al. (2013)

Development of a multidisciplinary framework that considers the interactions among firm’s distribution strategy,
market share and cost

Introduction of a supply chain fuzzy model to analyse the behaviour of a serial supply chain under uncertainty

Formulation of a mixed integer programming and an integrated design methodology based on primal
decomposition for multi-period production and distribution system in supply chain

Introduction of an integrated decision model for assessing potential partners in a supply chain

Introduction of a hybrid simulation approach which is a specific problem-solving procedure to solve the production
distribution problem

Development of a heuristic procedure to plan and coordinate production and distribution facilities for multiple
commodity supply chain

Extension of the traditional location models by introducing several logistic components
Development of an analytical model of the supplier selection process in designing a supply chain network

Solving of the new combinatorial problem that incorporates cross-docking in supply chain environment using
simulated annealing methodology

Introduction of a strategic production—distribution model for supply chain design with consideration of bills of
materials

Introduction of a discrete model to ease the decision-making process at the operation level of industrial supply
chain

Development of an integrated methodology to solve two fundamental decisions making, i.e. assigning suppliers to
warehouse and warehouse to customer

Formation of a multi-product, multi-stage and multi-period scheduling model to deal with multiple
incommensurable goals for a multi-echelon supply chain network

Synthesis of a new continuous-time mathematical formulation for the optimal schedule of industrial supply chains

Presentation of a multi-level programming framework in capturing complex supply chain decision-making
processes

Formulation of a two-state dynamic model to minimise the total supply chain cost which includes cost of goods
sold, safety stock cost and pipeline stock cost

Development of a two-stage stochastic model to take into account the effect of uncertainty in production

Presentation of a computational study in investigating the value of coordinating production and distribution
planning

Development of an interactive fuzzy multi-objective linear programming method for solving the transportation
problems

Introduction of an evaluation model to analyse the feasibility of planning by comparing the planned cost with the
anticipated cost

Development of a fuzzy multi-objective linear programming model with piecewise linear membership function to
solve the integrated multi-product and multi-period production/distribution planning problem

Formulation of a fuzzy mathematical programming model for supply chain planning which considered process
uncertainties

Introduction of a multi-objective stochastic model that used Six Sigma to evaluate the financial risk in supply chain

Utilisation of fuzzy number to depict customer demand and investigate the optimisation of the vertically integrated
two-stage supply chain under different scenarios

Development of a fuzzy multi-objective programming model to minimise the total transportation cost
Development of a model for three-echelon supply chain with price-only contracts

Formulation of a mathematical model that controls the flow of commodities from sources through the supply chain
and finally to the recipients

Development of a mathematical model to optimise the sourcing and planning decision simultaneously while
exploiting their trade-offs

Introduction of an evaluating technique to evaluate the systematic supply chain configuration maximising the
profit, customer responsiveness and quality as objectives of the logistic network

Development of a two-stage optimisation model for the optimal operation and logistics management of the waste

Synthesis of an optimal rubber seed supply network which maximises the utilisation of rubber seed oil using mixed
integer linear programming
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Table 1 continued

Author (year) Remark

Ng and Lam (2014)
Cuek et al. (2014)

Ng et al. (2015)
allocation
Paulo et al. (2015)
generation in Portugal

Hong and Lam (2015)

Development of a functional clustering approach integrated in an industrial resource optimisation
Formulation of an MILP model for multi-period synthesis for regional biorefinery supply network

Introduction of a novel algebraic method for supply chain development which allows concurrent setup of material
Development of an MILP model to determine the optimal design of the residual forestry biomass to power

Development of an MILP model for multiple biomass supply chain

Table 2 Genetic algorithm for supply chain synthesis

Author (year)

Remark

Syarif et al. (2002)
Gen and Syarif (2005)

Truong and Azadivar (2005)

(Lin et al. 2008)
Yun et al. (2009)
Altiparmak et al. (2009)

Zegordi et al. (2010)

Chang (2010)
Kannan et al. (2010)
Che and Chiang (2010)

Yeh and Chuang (2011)
Zamarripa et al. (2012)
Ghasimi et al. (2014)

Bandyopadhyay and
Bhattacharya (2014)

Pasandideh et al. (2015)

Development of a spanning tree-based genetic algorithm to solve the logistic system design in supply chain

Proposal of a spanning tree-based genetic algorithm to solve the production and distribution problem in supply
chain with the aim of minimising the cost

Proposal of a methodology which integrated mixed integer programming and genetic algorithm to determine
the optimal configuration of a supply chain

Development of an agent-based distributed coordination mechanism that integrates negotiation techniques
with genetic algorithm to plan the schedule

Development of a genetic algorithm approach with adaptive local search scheme to effectively solve the multi-
stage supply chain problem

Proposal of a solution procedure based on steady-state genetic algorithm with a new encoding structure for the
synthesis of a single-source, multi-product and multi-stage supply chain network

Development of a gendered genetic algorithm which considered two different chromosomes with non-
equivalent structure to solve the two-stage (i.e. production speed and vehicle speed) supply chain
optimisation problem

Proposal of a genetic algorithm which combines the co-evolutionary mode and constraint satisfaction mode
capacity in order to shorten the solving time

Solution to the multi-echelon, multi-period, multi-product closed-loop supply chain model using genetic
algorithm

Proposal of a Pareto genetic algorithm to solve the multi-objective optimisation of a build-to-order supply
chain

Development of an optimum mathematical planning model for green partner selection using genetic algorithm
Proposal of genetic algorithm to solve the supply chain planning under uncertainty

Proposal of genetic algorithm for optimising a novel mathematical model of the defective goods supply chain
network

Modification of the non-dominated sorting genetic algorithm to solve the tri-objective supply chain problem

Utilisation of non-dominated sorting genetic algorithm and non-dominated ranking genetic algorithm to solve
the multi-product, multi-period three-echelon supply chain problem

Hybrid model

helping in trading-off resources management. This
approach provides straightforward information on how to

One of the very first hybrid models was proposed by Lam
et al. (2010a). They combined Pinch graphical approach
together with mathematical modelling regional biomass
supply chain carbon footprint minimisation. It is a demand-
driven approach which utilises regional resource manage-
ment composite curve (RRMCC), an analogy of the Pro-
cess Integration approach to show the energy imbalances

manage the surplus resources in a region.

Life cycle analysis (LCA) is an important concept in the
design of sustainable supply chain. It is the most scientif-
ically reliable method (Ness et al. 2007), which was
introduced to measure environmental and resource-related
products to the production process (Srivastava 2007). This
measurement involves in stages from extraction of raw
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Table 3 Ant colony optimisation in supply chain synthesis

Author (year)

Remark

Silva et al. (2004)
Silva et al. (2009)
Wang (2009)

Wang and Chen (2009)

Moncayo-Martinez and Zhang (2011)
Moncayo-Martinez and Zhang (2013)

Development of an integrated framework which merged the concept of agents and ant colony
Introduction of ant colony optimisation technique to solve the supply chain management

Development of a two-phase ant colony algorithm to solve the multi-echelon defective supply chain
network design

Proposal of an ant algorithm to solve capacity planning and resource allocation problem in a
decentralised supply chain

Proposal of a Pareto ant colony optimisation to solve the multi-objective supply chain design problem

Proposal of a modified ant colony optimisation which utilised a bi-objective MAX-MIN function to

solve the supply chain problem

Moncayo-Martinez and Recio (2014)
Cheng et al. (2015)

supply chain
Wang and Lee (2015)

Determination of a set of supply chain configurations using the Pareto ant colony optimisation

Proposal of an improved ant colony optimisation to solve the scheduling problem for the production in

Proposal of a revised ant colony optimisation to improve the original ant algorithm using efficient

greedy heuristic to solve the supply chain problem

Table 4 Bee algorithm in supply chain synthesis

Author (year) Remark

Koc (2010)

Mastrocinque et al.
(2013)

Teimoury and Haddad
(2013)

Chen and Ju (2013)
model

Yuce et al. (2014)

Zhang et al. (2014)

Improvement of the bee algorithm using combined neighbourhood size change and site abandonment strategy

Proposed bee algorithm in dealing with multi-objective supply chain model to find the optimum configuration which
minimises the total cost and total lead time

Implementation of bee algorithm to solve the parallel batch production scheduling in a supply chain
Proposal of a novel artificial bee colony algorithm for solving the mixed integer non-linear supply chain network
Development of an enhanced bee algorithm with adaptive neighbourhood search and site abandonment strategy to

solve the multi-objective supply chain model
Proposal of the hybrid artificial bee colony algorithm to solve the environmental vehicle routing problem with

minimisation of overall travel distance and travel time

Zhang et al. (2016)

Introduction of artificial bee colony-based approach for supply chain design

materials, production, distribution, and remanufacturing,
recycling and final disposal. Gungor and Gupta (1999)
commented that LCA assesses the impact of a particular
product on the environment based on the materials and
energy used and wasted through its production, usage and
disposal (Finnveden and Moberg 2005). Government reg-
ulations are also an added factor for organisations to work
towards LCA. ISO 14040 has also been developed for LCA
to provide a general framework, terminology and princi-
ples. Moreover, these standards provide transparency and
consistency in LCA studies (Cambero and Sowlati 2014).
Generally, LCA can be divided into 4 stages: (i) define the
goal and scope of study, (ii) life cycle inventory (LCI), (iii)
life cycle impact assessment (LCIA) and (iv) interpretation.
It is worth noting that LCA results are strongly dependant
on the methodological choices and parameters associated
with each analysed case. Therefore, it should not be used to
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provide the basis for comparative declarations of the
overall environmental preferability among the products.
Nevertheless, LCA results are useful to compare environ-
mental impacts of the alternative configurations of a supply
chain. Life cycle optimisation (LCO) can be applied to
synthesise an optimum supply chain (Wan et al. 2015).
Many studies related to LCA implemented in sustainable
supply chain synthesis are summarised in Table 5. A lot of
future research contributions are required for the success-
fulness and completeness of integration of LCA into bio-
mass supply chain.

Game theory was firstly introduced by Von Neumann
and Morgenstern (1947) and has been widely used in
various research fields. It offers a valuable tool in the
identification of dominant strategy for increasing perfor-
mance along each objective (Zhao et al. 2012). Many
research works have commented and discussed the
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Table S LCA in supply chain synthesis

Author (year) Remark

Lainez et al. (2008)
Nwe et al. (2010)
Guest et al. (2011)

Kostin et al. (2011)
latter criterion

Pucker et al. (2012)

Murphy et al.
(2014)

Ren et al. (2015)

Cambero et al.
(2015)

Lim and Lam
(2016)

Application of LCA to evaluate the environmental impact while IMPACT 2002 + methodology is selected
Conduction of an approach integrating LCA indicators and dynamic simulation for supply chain design and action
Conduction of an LCA for biomass-based combined heat and power plant.

Integration of bio-ethanol sugar supply chain with economic and environmental concern where LCA is used to assess the

Conduction of a greenhouse gas and energy analysis for a biomass supply chain

Application of LCA to evaluate greenhouse gas emission and primary energy balances in Ireland

Life cycle cost optimisation of biofuel supply chain under uncertainties via interval linear programming

Economic and life cycle environmental optimisation of forest-based biorefinery

Introduction of biomass element life cycle analysis for biomass supply chain optimisation

Table 6 Game theory in supply chain optimisation

Author (year) Remark

Cachon and Netessine
(2004)

Huang et al. (2007)
Zhu and Dou (2007)
Sobel and Turcic (2008)

Nagarajan and Sosi¢
(2008)

Chen and Sheu (2009)
Esmaeili et al. (2009)
Zhao et al. (2010)
Sheu (2011)

Huang et al. (2011)

Introduction of Game theory to solve the supply chain coordination problem

Optimisation of the supply chain network design using three-move dynamic game-theoretic approach
Development of an evolutionary game model to investigate the effect of government subsidies and penalties
Proposal of a general model for supply chain contract negotiation with risk aversion

Application of cooperative bargaining model to allocate profit between supply chain members

Creation of a differential game model to design environmental regulation strategies

Proposal of several game models of seller—buyer relationship in a supply chain

Application of cooperative game theory approach to address the supply chain coordination issues
Derivation of bargaining game model to seek negotiation in supply chain management

Utilisation of three-level dynamic non-cooperative game model to solve the coordination problem and other selection,

pricing and replenishment decision in supply chain network

Barari et al. (2012)

Nagurney and Yu
(2012)

Zhao et al. (2012)
Zamarripa et al. (2013)
Tang et al. (2015)

Introduction of a dynamic evolutionary game model to solve the coordination of players in supply chain
Utilisation of an oligopoly game model to design a sustainable fashion industrial supply chain

Application of game theory to select appropriate strategies in supply chain with the aim of maintaining sustainability
Application of game theory optimisation-based tool to improve the decision making of supply chain

Analysis of palm biomass supply chain in Malaysia via game theory approach

application of game theory (normally cooperatives game)
to the supply chain, see Table 6. In addition, several game
models have been formulated for the application to sus-
tainable supply chain, for instance, evolutionary game
model (Zhu and Dou 2007), differential game model (Chen
and Sheu 2009), bargaining model (Sheu 2011), oligopoly
game model (Nagurney and Yu 2012) and dynamic evo-
lutionary game model (Barari et al. 2012). It is worth to
note that the major limitation in the previous work is the
lack of interaction between the upstream and downstream
business. Thus, as a natural extension of research works,

future studies should consider the coordination issues in
biomass supply chain (Zhao et al. 2010).

P-graph framework was initially introduced by Friedler
et al. (1992) and has been implemented in systematic
optimal design, including industrial process synthesis and
supply chain network synthesis. This framework has been
proven to be highly effective in solving industry-scale
process synthesis problems. One of the attractive attributes
of this approach is that it can generate optimum and near-
optimum solutions simultaneously. P-graph is a directed bi-
partite graph associated with several combinatorial
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instruments. First are the axioms which must be satisfied
for combinatorial feasible solution structures and algo-
rithms which ensure the consistency of the resulting max-
imal structure and solution networks. These algorithms
include maximal structure generator (MSG), solution
structure generator (SSG) and accelerated branch-and-
bound (ABB) algorithm. Generally, MSG defines the
structure model; SSG generates each of the solution
structure; and ABB determines the optimum structure
using an improved branch-and-bound algorithm. Figure 9

M3
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Fig. 9 P-graph illustration

Table 7 P-graph approach for supply chain synthesis

represents a P-graph with the operating units O1, O2 and
O3 and materials M1, M2, M3, M4, M5 and M6.

Recently, the applications of P-graph are getting
extended to several fields, including synthesis of azeotropic
distillation system (Feng et al. 2003), reaction pathway
identification (Fan et al. 2012), logistics design (Barany
et al. 2011), evacuation route planning (Garcia-Ojeda et al.
2013), retrofit planning (Chong et al. 2014) and biomass
supply chain synthesis and optimisation (Lam et al. 2010a,
b). Other publications related to the use of P-graph
approach in supply chain synthesis and optimisation are
tabulated in Table 7.

IT-driven model

The development of IT is the major driving force for
supply chain innovations. IT-driven models target to inte-
grate and coordinate various phases of supply chain plan-
ning on a real-time basis using application software to
enhance visibility throughout the supply chain. One of the
commonly used models in supply chain is enterprise
resource planning (ERP). It is an integrated information
system which is designed to automate and integrate all the
business processes and operations together. Kandananond
(2014) pointed out that the development of sustainable
supply chain will not be possible and feasible without the
implementation of ERP in organisation. In order to
improve the effectiveness and successful rate of the
implementation of the ERP in the organisation, a lot of
research works were conducted during twentieth to twenty
first centuries (see Table 8). However, some research
works showed that despite ERP system being implemented
in the organisations, some of them still fail to achieve the

Author (year) Remark

Fan et al. (2009)

Lam et al.
(2010b)

Siile et al. (2011)
reliability of each production option

Barany et al.
(2011)

Kalauz et al.
(2012)

Bertok et al.
(2013)

Lam (2013)

by cost and response time
taking into account structural redundancy

cleaner production process synthesis

Vance et al.
(2013)

How et al. (2015)

Application of P-graph to synthesise an optimal and/or near-optimal enterprise-wide supply network

Optimisation of regional energy supply chain via P-graph approach

Extension of the algorithms and software of P-graph for generating optimal and near-optimal supply network with given

Proposal of P-graph framework in solving vehicle assignment problem in a supply network

Proposal of extended P-graph methodology, algorithm and software to improve supply networks where quality is measured
Introduction of a methodology to model the supply chain as well as to synthesise optimal and alternative solutions while
Demonstration of the extension of P-graph via case studies in supply chain systems, carbon emission reduction system and
Proposal of a computer-aided methodology for designing a sustainable energy supply chain using P-graph

Synthesis of multiple biomass supply chain via P-graph approach
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Table 8 ERP in supply chain

Author (year) Remark

Al-Mashari and Zairi (2000)
Marinos and Zahir (2003)
Lee et al. (2003)

Kelle and Akbulut (2005)
Koh and Saad (2006)
Basoglu et al. (2007)

Law et al. (2010)

Kuhn and Sutton (2010)
Goni et al. (2011)

Lopez and Salmeron (2014)
Brooks et al. (2012)
Kandananond (2014)

Organisation adoption of ERP
Introduction of full life cycle of ERP

Dynamic risk modelling in ERP

Re-engineering of supply chain by applying ERP

Introduction of Enterprise Application Integration technique to integrate ERP and supply chain

Integration of enterprise with ERP and EAI

Information sharing, cooperation and cost optimisation in supply chain management by implementation of ERP

Integration of supply chain management and ERP

Introduction of a continuous auditing system in ERP

Introduction of the critical success factor for ERP

Introduction of Sustainable Enterprise Resource Planning (S-ERP)

Implementation of ERP in sustainable supply chain system

supply chain integration due to being complex, non-flexible
and un-collaborative with others (Themistocleous et al.
2001). To solve this problem, an Enterprise Application
Integration (EAI) technology is proposed to support the
efficient incorporation of information system, resulting in
integration of supply chain (Linthicum 1999). On the other
hand, the supply chain development has raised environ-
mental pressure and attendant business responsibilities.
Moreover, climate change, resource depletion, human
health problem and negative social impact are leading to a
point of no return (Carvalho et al. 2013). Therefore, sus-
tainable development is now more important than ever.
However, the sustainability data are yet to be sufficiently
integrated and used for decision making. Chofreh et al.
(2014) have proposed Sustainable Enterprise Resource
Planning (S-ERP) system to support the sustainability ini-
tiatives. S-ERP shows difference compared to the tradi-
tional ERP as its information system is driven by
sustainability consideration that covers all aspects of the

Cloud S-ERP

Growth

Cloud
Technology

Sustainability

v

Time

Growth
Maturity
Decline

Introduction

Fig. 10 Life cycle of ERP and S-ERP (Chofreh et al. 2014)

supply chain. Figure 10 shows the illustration of S-ERP
life cycle. As shown in the figure, in order to extend the
development of S-ERP system, the development of Cloud
S-ERP might be a potential research direction in the future.

Multi-agent technology is another common computerised
system which was firstly introduced by Swaminathan et al.
(1998). Using this technique, supply chain is structured as a
virtual library of structural elements (i.e. production and
transportation) and control elements (i.e. flow, inventory,
supply and demand). All of them are represented by agents
that interact with each other in order to determine the opti-
mal configuration. The major strength of this technique over
the conventional mathematical modelling is its flexibility. It
is able to interpret new information from time to time, allows
exchange between agents and also enables new policies
(Ahn et al. 2003). In spite of all the benefits mentioned
above, finding an appropriate methodology to coordinate the
agents is still a major challenge. Table 9 shows the list of
publications which are related to multi-agent technology in
supply chain models.

Future challenges and scope in sustainable biomass
supply chain

As discussed in the previous section, no model can capture
all aspects of supply chain processes considering the broad
spectrum of a supply chain. To compromise the dilemma
between model complexity and reality, a model builder
should define the scope of the supply chain model in such a
way that it is reflective of key real-world dimensions, yet
not too complicated to solve. Based on literature review
done in this work, the future scope of biomass supply chain
is highlighted as follows:
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Table 9 Multi-agent technology for supply chain

Author (year)

Remark

Swaminathan et al. (1998)
Fox et al. (2000)

Kaihara (2003)
Silva et al. (2004)

Fischer and Gehring
(2005)

Guillén et al. (2005b)
Lin and Lin (2006)
Liang and Huang (2006)

Zhang et al. (2006)
Zhang and Zhang (2007)
Forget et al. (2008)

Lin et al. (2008)

Lim et al. (2009)
Hanafizadeh and Sherkat

(2009)

Giannakis and Louis
(2011)

Zolfpour-Arokhlo et al.
(2013)

Sitek et al. (2014)

Pal and Karakostas (2014)
Fu and Fu (2015)

Development of a simulation-based framework for developing customised supply chain model

Investigation of the issues and presentation of the solutions for the construction of agent-oriented software
architecture

Formulation of the supply chain as a discrete resource allocation problem with dynamic environment
Development of an integrated framework which merged concept of agents and ant colony
Development of a multi-agent system for supporting transhipments of imported finished vehicles

Application of an agent-oriented simulation system to model each entity in supply chain as an independent agent
Introduction of multi-agent negotiation mechanism to solve the distributed constraint satisfaction problem

Development of a multi-agent system to simulate a supply chain where agents operate these entities with different
inventory system

Proposal of an agent-based approach to integrate, optimise, simulate, restructure and control the supply network
dynamically and cost effectively

Formulation of an agent-based model of consumers purchase decision making which combines consumers’
psychological personality and the interactions in market

Proposal of a multi-behaviour planning agent model using different planning strategies when decisions are
supported by a distributed planning system

Development of an agent-based distributed coordination mechanism that integrates negotiation techniques with
genetic algorithm to plan the schedule

Proposal of an interactive agent bidding mechanism which performs dynamic integration of process planning and
production

Proposal of a fuzzy-genetic learner model based on multi-agent system in order to tackle the distribution and
allocation problems in supply chain

Development of a framework for the design of a multi-agent-based decision support system and risk mitigation in
supply chain management

Development of a route planning model based on multi-agent system for supply chain management

Introduction of the concept of hybrid multi-agent approach for the modelling and optimisation of supply chain
management

Proposal of a multi-agent and web service framework for collaborative material procurement systems

Development of a new intelligent system framework of adaptive multi-agent system to improve the collaborative
cost management in supply chain

Systematic framework for centralisation
versus decentralisation

Centralisation and decentralisation of processing facilities
have been studied and modelled. The decision is always
made based on the economic factors such as cost of logistic
and processing facility. However, the logistic network and
infrastructure are also greatly affected by the characteris-
tics of biomass such as availability, transport density and
shelf life. To date, there are still no proper definition and
systematic framework to refer to. Depending on these
factors, the processing facility/facilities may be centralised
as a single processing hub (for biomass with long shelf life
and high density), decentralised and located locally in the
farms (for biomass with short shelf life and low density) or
a mixture of centralised and decentralised processing hubs.
The decision of processing facilities’ centralisation or
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decentralisation is very critical to ensure the optimum
performance of the supply chain. Therefore, a proper
framework is needed to be a decision-making tool in the
biomass industry which helps synthesise an optimum
logistic network of the supply chain.

Systematic scheduling approach

Scheduling is usually done to reduce the production cost
and time of a particular process in traditional supply chain.
However, there are a lot of constraints associated with
biomass supply chain such as shelf life and availability of
biomass. These may result in a different configuration in
biomass harvesting and bioproducts production. Besides,
different harvesting and processing techniques may also
affect the economic performance and throughput of the
entire chain. Hence, a systematic approach should be
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developed to aid the scheduling of the value chain, min-
imising the time and cost as well as fulfilling other con-
straints simultaneously.

Sustainable index

A number of optimisation models have been proposed,
some are single objective and some are multi-objective.
There is not any proper standard to measure the perfor-
mance of biomass supply chain so far. However, it is
usually measured in terms of economic potential and
environmental impact. Social impact is another important
element in sustainable supply chain model. A standardised
sustainable index therefore should be proposed to quantify
and compare the effectiveness of supply chains.

Debottlenecking of existing supply chain

Biorefinery is still relatively new as compared to petro-
chemical industry. As it becomes mature, the demand of
bioproducts will increase, causing the capacity of biore-
finery to flex up. To maximise the capacity of the supply
chain, debottlenecking can be done to align the capacity at
each step as the capacity of the entire chain is constrained
by the capacity of its bottleneck process. Debottlenecking
is the process of successively identifying the binding
constraint, eliminating that constraint, aligning other pro-
cesses to the new throughput levels and pursuing the next
constraint. Debottlenecking is very challenging because the
supply chain system involves different business parties.

Qualitative study

The commercialisation of biomass supply chain needs the
cooperation from both the academic researchers and the
industry players. A lot of research works have been done
on biomass supply chain, yet the commercialisation of
biorefinery is still not proven feasible. Qualitative study
plays an important role in linking the researchers to the
industry people. Qualitative research is a technique of
inquiry employed in various academic disciplines, tradi-
tionally in the social sciences, but also in market research,
business and other contexts including service demonstra-
tions by non-profits. It aims to investigate the opinions and
thoughts of the industry people and fill the gap between
research and industry.

Conclusion
Biorefinery produces energy and useful chemicals from

biomass, an environmental-friendly renewable source.
Supply chain management is very significant when it

comes to commercialisation of a competitive biorefinery
industry. Despite the pressure from global warming and
environmental issues, there are many potential benefits
while making the supply chain sustainable. This paper has
presented a general overview of the development of sus-
tainable biomass supply chain in terms of scope, sustain-
ability elements and modelling approach. This
classification will aid academicians, practitioners and
researchers to understand sustainable biomass supply chain
management from a wider perspective. Based on the
review, the existing research gap and the future challenges
in sustainable supply chain are highlighted. Having these
potential undeveloped subjects and scope done in this area,
biomass supply chain will definitely move a step nearer to
commercialisation and sustainability. The ultimate and
most important goal to be pinpointed here is the imple-
mentation of effective and sustainable supply chain
worldwide. The mature and effective biomass supply chain
implementation in developed countries should be the role
model to the developing countries. The strengths, weak-
nesses, opportunities and threats (SWOT) in these suc-
cessful cases should be evaluated and identified as
guidance for the synthesis of sustainable biomass supply
chain. New ideas should always be encouraged to strive for
continuous improvement in sustainable biomass supply
chain management.

Acknowledgments The authors would like to acknowledge the
financial support from the Ministry of Education (MOE), Malaysia,
via LRGS Grant (Program code: LRGS/2013/UKM/PT).

References

Afshar A, Haghani A (2012) Modeling integrated supply chain
logistics in real-time large-scale disaster relief operations. Soc-
Econ Plan Sci 46:327-338

Ahn HJ, Lee H, Park SJ (2003) A flexible agent system for change
adaptation in supply chains. Expert Syst Appl 25:603-618

Akanle OM, Zhang DZ (2008) Agent-based model for optimising
supply-chain configurations. Int J Prod Econ 115:444-460

Allen J, Browne M, Hunter A, Boyd J, Palmer H (1998) Logistics
management and costs of biomass fuel supply. Int J Phys Distrib
Logist Manag 28:463-477

Al-Mashari M, Zairi M (2000) Supply-chain re-engineering using
enterprise resource planning (ERP) systems: an analysis of a
SAP R/3 implementation case. Int J Phys Distrib Logist Manag
30:296-313

Altiparmak F, Gen M, Lin L, Karaoglan I (2009) A steady-state
genetic algorithm for multi-product supply chain network
design. Comput Ind Eng 56:521-537

Amaro ACS, Barbosa-Pévoa AP (2004) Optimal supply chain
operation—a discrete model formulation. Comput Aided Chem
Eng 18:877-882

Amaro ACS, Barbosa-Pévoa AP (2005) Optimal scheduling of supply
chains: a new continuous-time formulation. Comput Aided
Chem Eng 20:1171-1176

@ Springer



2190

B. H. Hong et al.

Amiri A (2006) Designing a distribution network in a supply chain
system: formulation and efficient solution procedure. Eur J Oper
Res 171:567-576

Bandyopadhyay S, Bhattacharya R (2014) Solving a tri-objective
supply chain problem with modified NSGA-II algorithm.
J Manuf Syst 33:41-50

Barany M, Bertok B, Kovacs Z, Friedler F, Fan LT (2011) Solving
vehicle assignment problems by process-network synthesis to
minimize cost and environmental impact of transportation. Clean
Technol Environ Policy 13:637-642

Barari S, Agarwal G, Zhang WJ, Mahanty B, Tiwari MK (2012) A
decision framework for the analysis of green supply chain
contracts: an evolutionary game approach. Expert Syst Appl
39:2965-2976

Basoglu N, Daim T, Kerimoglu O (2007) Organizational adoption of
enterprise resource planning systems: a conceptual framework.
J High Technol Manag Res 18:73-97

Beamon BM (1998) Supply chain design and analysis: models and
methods. Int J Prod Econ 55:281-294

Bertok B, Kalauz K, Sule Z, Friedler F (2013) Combinatorial
algorithm for synthesizing redundant structures to increase
reliability of supply chains: application to biodiesel supply. Ind
Eng Chem Res 52:181-186

British Petroleum (BP) (2015a) BP energy outlook 2035. www.bp.
com/energyoutlook. Accessed 26 June 2015

British Petroleum (BP) (2015b) BP Statistical review of world energy.
www.bp.com/statisticalreview. Accessed 26 June 2015

Brooks S, Wang X, Sarker S (2012) Unpacking Green IS: a review of
the existing literature and directions for the future. In: Vom
Brocke J, Seidel S, Recker J (eds) Green business process
management. Springer-Verlag, Berlin, pp 15-37

Bullnheimer B, Hartl RF, Strauss C (1999) An improved Ant System
algorithm for the Vehicle Routing Problem. Ann Oper Res
89:319-328

Cachon G, Netessine S (2004) Game theory in supply chain analysis.
In: Simchi-Levi D, Wu SD, Shen ZJ (eds) Handbook of
quantitative supply chain analysis: modeling in the eBusiness
era. Kluwer, Boston

Cakravastia A, Toha IS, Nakamura N (2002) A two-stage model for
the design of supply chain networks. Int J Prod Econ 80:231-248

Cambero C, Sowlati T (2014) Assessment and optimization of forest
biomass supply chains from economic, social and environmental
perspectives—a review of literature. Renew Sustain Energy Rev
36:62-73

Cambero C, Sowlate T, Pavel M (2015) Economic and life cycle
environmental optimisation of forest-based biorefinery supply
chains for bioenergy and biofuel production. Chem Eng Res Des.
doi:10.1016/j.cherd.2015.10.040

Carvalho A, Matos HA, Gani R (2013) SustainPro—A tool for
systematic process analysis, generation and evaluation of
sustainable design alternatives. Comput Chem Eng 50:8-27

Chang YH (2010) Adopting co-evolution and constraint-satisfaction
concept on genetic algorithms to solve supply chain network
design problems. Expert Syst Appl 37:6919-6930

Che ZH, Chiang CJ (2010) A modified Pareto genetic algorithm for
multi-objective build-to-order supply chain planning with pro-
duct assembly. Adv Eng Softw 41:1011-1022

Chen TG, Ju CH (2013) A novel artificial bee colony algorithm for
solving the supply chain network design under disruption
scenarios. Int J Comput Appl Technol 47:289-296

Chen CL, Lee WC (2004) Multi-objective optimization of multi-
echelon supply chain networks with uncertain product demands
and prices. Comput Chem Eng 28:1131-1144

Chen YJ, Sheu JB (2009) Environmental-regulation pricing strategies
for green supply chain management. Transp Res Part E
45:667-677

@ Springer

Cheng BY, Leung JYT, Li K (2015) Integrated scheduling of
production and distribution to minimize total cost using an
improved ant colony optimization method. Comput Ind Eng
83:217-225

Chofreh AG, Goni FA, Shaharoun AM, Ismail S, Klemes JJ (2014)
Sustainable enterprise resource planning: imperatives and
research directions. J Clean Prod 71:139-147

Chong FK, Lawrence KK, Lim PP, Poon MCY, Foo DCY, Lam HL,
Tan RR (2014) Planning of carbon capture storage deployment
using process graph approach. Energy 76:641-651

Christopher M (2000) The agile supply chain: competing in volatile
markets. Ind Mark Manag 29:37-44

Christopher M, Peck H (2004) Building the resilient supply chain. Int
J Logist Manag 15:1-14

Christopher M, Lowson R, Peck H (2004) Creating agile supply
chains in the fashion industry. Int J Retail Distrib Manag
32:367-376

Cuéek L, Martin M, Grossmann IE, Kravanja Z (2014) Multi-period
synthesis of optimally integrated biomass and bioenergy supply
network. Comput Chem Eng 66:57-70

Cundiff JS, Dias N, Sherali HD (1997) A linear programming
approach for designing a herbaceous biomass delivery system.
Bioresour Technol 59:47-55

Dogan K, Goetschalckx M (1999) A primal decomposition method
for the integrated design of multi-period production-distribution
systems. IIE Trans 31:1027-1036

Erol I, Ferrell WG Jr (2004) A methodology to support decision
making across the supply chain of an industrial distributor. Int J
Prod Econ 89:119-129

Esmaeili M, Aryanezhad MB, Zeephongsekul P (2009) A game
theory approach in seller-buyer supply chain. Eur J Oper Res
195:442-448

Fan LT, Kim Y, Yun C, Park SB, Park S, Bertok B, Friedler F (2009)
Design of optimal and near-optimal enterprise-wide supply
networks for multiple products in the process industry. Ind Eng
Chem Res 48:2003-2008

Fan LT, Lin YC, Shafie S, Bertok B, Friedler F (2012) Exhaustive
identification of feasible pathways of the reaction catalyzed by a
catalyst with multiactive sites via a highly effective graph-
theoretic algorithm: application to ethylene hydrogenation. Ind
Eng Chem Res 51:2548-2552

Feng G, Fan LT, Seib PA, Bertok B, Kalotai L, Friedler F (2003) Graph-
theoretic method for the algorithmic synthesis of azeotropic-
distillation systems. Ind Eng Chem Res 42:3602-3611

Fernando S, Adhikari S, Chandrapal C, Murali N (2006) Biorefiner-
ies: current status, challenges, and future direction. Energy Fuels
20:1727-1737

Fiedler P, Lange M, Schultze M (2007) Supply logistics for the
industrialized use of biomass principles and planning approach.
In:International symposium on logistics and industrial informat-
ics, pp 41-46

Fiksel J (2006) Sustainability and resilience: toward a systems
approach. Sustainability 2:14-21

Finnveden G, Moberg A (2005) Environmental systems analysis
tools—an overview. J Clean Prod 13:1165-1173

Fischer T, Gehring H (2005) Planning vehicle transhipment in a
seaport automobile terminal using a multi-agent system. Eur J
Oper Res 166:726-740

Forget P, D’Amours S, Frayret JM (2008) Multi-behavior agent
model for planning in supply chains: an application to the lumber
industry. Robot Comput-Integr Manuf 24:664-679

Fox M, Barbuceanu M, Teigen R (2000) Agent-oriented supply-chain
management. Int J Flex Manuf Syst 12:165-188

Franca RB, Jones EC, Richards CN, Carlson JP (2010) Multi-
objective stochastic supply chain modeling to evaluate tradeoffs
between profit and quality. Int J Prod Econ 127:292-299


http://www.bp.com/energyoutlook
http://www.bp.com/energyoutlook
http://www.bp.com/statisticalreview
http://dx.doi.org/10.1016/j.cherd.2015.10.040

Overview of sustainable biomass supply chain: from concept to modelling 2191

Friedler F, Tarjan K, Huang YW, Fan LT (1992) Combinatorial
algorithms for process synthesis. Comput Chem Eng 16:313-320

Fu J, Fu Y (2015) An adaptive multi-agent system for cost
collaborative management in supply chains. Eng Appl Artif
Intell 44:91-100

Garcia-Ojeda JC, Bertok B, Friedler F, Fan LT (2013) Building-
evacuation-route planning via time-expanded process-network
synthesis. Fire Saf J 61:338-347

Gen M, Syarif A (2005) Hybrid genetic algorithm for multi-time
period production/distribution planning. Comput Ind Eng
48:799-809

Ghasimi SA, Ramli R, Saibani N (2014) A genetic algorithm for
optimizing defective goods supply chain costs using JIT logistics
and each-cycle lengths. Appl Math Model 38:1534-1547

Giannakis M, Louis M (2011) A multi-agent based framework for
supply chain risk management. J Purch Supply Manag 17:23-31

Gold S, Seuring S (2011) Supply chain and logistics issues of bio-
energy production. J Clean Prod 19:32-42

Goni FA, Chofreh AG, Sahran S (2011) Critical success factors for
enterprise resource planning system implementation: a case
study in Malaysian SME. Int J Adv Sci Eng Inf Technol
1:200-205

Graves SC, Willems SP (2005) Optimizing the supply chain
configuration for new products. Manag Sci 51:1165-1180

Guest G, Bright RM, Cherubini F, Michelsen O, Strgmman AH
(2011) Life cycle assessment of biomass-based combined heat
and power plants. J Ind Ecol 15:908-921

Guillén G, Mele FD, Bagajewicz MJ, Espuiia A, Puigjaner L (2005a)
Multiobjective supply chain design under uncertainty. Chem Eng
Sci 60:1535-1553

Guillén G, Mele FD, Urbano F, Espuiia A, Puigjaner L (2005b) An
agent-based approach for supply chain retrofitting under uncer-
tainty. Comput Chem Eng 31:722-735

Gungor A, Gupta SM (1999) Issues in environmentally conscious
manufacturing and product recovery: a survey. Comput Ind Eng
36:811-853

Guo R, Tang Q (2009) An optimized supply chain planning model for
manufacture company based on JIT. Int J Bus Manag 3:129-133

Hanafizadeh P, Sherkat MH (2009) Designing fuzzy-genetic learner
model based on multi-agent systems in supply chain manage-
ment. Expert Syst Appl 36:10120-10134

Harland CM (1996) Supply chain management: relationships, chains
and networks. Br J Manag 7:63-80

Hertz DB, Thomas H (1985) Risk analysis and its applications.
Strateg Manag J 6:295

Hong BH, Lam HL (2015) Novel approach for integrated biomass
supply chain. Chem Eng Trans 45:475-480

Hoogwijk M, Faaij A, van den Broek R, Berndes G, Gielen D,
Turkenburg W (2003) Exploration of the ranges of the global
potential of biomass for energy. Biomass Bioenergy 25:119-133

How BS, Hong BH, Lam HL, Friedler F (2015) Synthesis of multiple
biomass corridor via decomposition approach: a P-graph appli-
cation. J Clean Prod. doi:10.1016/j.jclepro.2015.12

Huang GQ, Zhang XY, Lo VH (2007) Integrated configuration of
platform products and supply chains for mass customization: a
game-theoretic approach. IEEE Trans Eng Manage 54:156-171

Huang Y, Huang GQ, Newman ST (2011) Coordinating pricing and
inventory decisions in a multi-level supply chain: a game-
theoretic approach. Transp Res Part E 47:115-129

Huisman W, Venturi P, Molenaar J (1997) Costs of supply chains of
Miscanthus giganteus. Ind Crops Prod 6:353-366

Iakovou E, Karagiannidis A, Vlachos D, Toka A, Malamakis A
(2010) Waste biomass-to-energy supply chain management: a
critical synthesis. Waste Manag 30:1860-1870

International Energy Agency (IEA) (2015) Key World Energy
Statistics  2015.  www.iea.org/publications/freepublications/

publication/key-world-energy-statistics-2015.html. Accessed 10
Oct 2015

Jayaraman V, Pirkul H (2001) Planning and coordination of
production and distribution facilities for multiple commodities.
Eur J Oper Res 133:394-408

Jayaraman V, Ross A (2003) A simulated annealing methodology to
distribution network design and management. Eur J Oper Res
144:629-645

Kaihara T (2003) Multi-agent based supply chain modelling with
dynamic environment. Int J Prod Econ 85:263-269

Kalauz K, Siile Z, Bertok B, Fan LT (2012) Extending process-
network synthesis algorithms with time bounds for supply
network design. Chem Eng Trans 29:259-264

Kandananond K (2014) A roadmap to green supply chain system
through enterprise resource planning (ERP) implementation.
Proc Eng 69:377-382

Kannan G, Sasikumar P, Devika K (2010) A genetic algorithm
approach for solving a closed loop supply chain model: a case of
battery recycling. Appl Math Model 34:655-670

Kasivisvanathan H, Tan RR, Ng DKS, Abdul Aziz MK, Foo DCY
(2014) Heuristic framework for the debottlenecking of a palm oil-
based integrated biorefinery. Chem Eng Res Des 92:2071-2082

Kelle P, Akbulut A (2005) The role of ERP tools in supply chain
information sharing, cooperation, and cost optimization. Int J
Prod Econ 93-94:41-52

Klemes JJ, Lam HL (2009) Heat integration, energy efficiency, saving
and security. Energy 34:1669-1673

Klemes§ JJ, Varbanov PS, Wang Q, Lund H (2013) Process
integration, modelling and optimisation for energy saving and
pollution reduction. Energy 55:1-4

Koc E (2010) Bees Algorithm: theory, improvements and applica-
tions. Ph.D. thesis, Cardiff University, United Kingdom

Koh SCL, Saad SM (2006) Managing uncertainty in ERP-controlled
manufacturing environments in SMEs. Int J Prod Econ
101:109-127

Kostin A, Mele F, Guillén-Gozalbez G (2011) Multi-objective
optimization of integrated bioethanol-sugar supply chains con-
sidering different LCA metrics simultaneously. Comput Aided
Chem Eng 29:1276-1280

Kudakasseril Kurian J, Raveendran Nair G, Hussain A, Vijaya
Raghavan GS (2013) Feedstocks, logistics and pre-treatment
processes for sustainable lignocellulosic biorefineries: a com-
prehensive review. Renew Sustain Energy Rev 25:205-219

Kuhn JR, Sutton SG (2010) Continuous auditing in ERP system
environments: the current state and future directions. J Inf Syst
24:91-112

Lainez JM, Bojarski A, Espufia A, Puigjaner L (2008) Mapping
environmental issues within supply chains: a LCA based
approach. Comput Aided Chem Eng 25:1131-1136

Lam HL (2013) Extended P-graph applications in supply chain and
Process Network Synthesis. Curr Opin Chem Eng 2:475-486

Lam HL, Varbanov PS, Klemes JJ (2010a) Minimising carbon
footprint of regional biomass supply chains. Resour Conserv
Recycl 54:303-309

Lam HL, Varbanov PS, Klemes JJ (2010b) Optimisation of regional
energy supply chains utilising renewables: P-graph approach.
Comput Chem Eng 34:782-792

Lam HL, Ng WPQ, Ng RT, Ng EH, Aziz MKA, Ng DKS (2013)
Green strategy for sustainable waste-to-energy supply chain.
Energy 57:4-16

Lam HL, How BS, Hong BH (2015) Green supply chain towards
sustainable industry development. In: Klemes JJ (ed) Assessing
and measuring environmental impact and sustainability. Butter-
worth-Heinemann, Oxford, pp 409-449

Lamming R, Program IMV (1989) The causes and effects of
structural changes in the European automotive components

@ Springer


http://dx.doi.org/10.1016/j.jclepro.2015.12
http://www.iea.org/publications/freepublications/publication/key-world-energy-statistics-2015.html
http://www.iea.org/publications/freepublications/publication/key-world-energy-statistics-2015.html

2192

B. H. Hong et al.

industry: a report. Center for Technology, Policy and Industrial
Development, Massachusetts Institute of  Technology,
Cambridge

Law CCH, Chen CC, Wu BJP (2010) Managing the full ERP life-
cycle: considerations of maintenance and support requirements
and IT governance practice as integral elements of the formula
for successful ERP adoption. Comput Ind 61:297-308

Lee YH, Kim SH (2000) Optimal production-distribution planning in
supply chain management using a hybrid simulation-analytic
approach. In: Proceedings of the 2000 winter simulation
conference, vol 1-2, pp 1252-1259

Lee J, Siau K, Hong S (2003) Enterprise integration with ERP and
EAIL Commun ACM 46:54-60

Li D, O’Brien C (1999) Integrated decision modelling of supply chain
efficiency. Int J Prod Econ 59:147-157

Li H, Womer K (2012) Optimizing the supply chain configuration for
make-to-order manufacturing. Eur J Oper Res 221:118-128

Liang TF (2006) Distribution planning decisions using interactive
fuzzy multi-objective linear programming. Fuzzy Sets Syst
157:1303-1316

Liang TF (2008) Fuzzy multi-objective production/distribution plan-
ning decisions with multi-product and multi-time period in a
supply chain. Comput Ind Eng 55:676-694

Liang WY, Huang CC (2006) Agent-based demand forecast in multi-
echelon supply chain. Decis Support Syst 42:390-407

Lim CH, Lam HL (2016) Biomass supply chain optimisation via
novel Biomass Element Life Cycle Analysis (BELCA). Appl
Energy 161:733-745

Lim MK, Zhang Z, Goh W (2009) An iterative agent bidding
mechanism for responsive manufacturing. Eng Appl Artif Intell
22:1068-1079

Lin FR, Lin YY (2006) Integrating multi-agent negotiation to resolve
constraints in fulfilling supply chain orders. Electron Commer
Res Appl 5:313-322

Lin FR, Kuo HC, Lin SM (2008) The enhancement of solving the
distributed constraint satisfaction problem for cooperative supply
chains using multi-agent systems. Decis Support Syst
45:795-810

Linthicum DS (1999) Enterprise application integration. Addison-
Wesley Professional, Boston

Liu Z, Huang Y (2015) Sustainability enhancement under uncertainty:
a Monte Carlo-based simulation and system optimization
method. Clean Technol Environ Policy 17:1757-1768

Lopez C, Salmeron JL (2014) Dynamic risks modelling in ERP
maintenance projects with FCM. Inf Sci 256:25-45

Lummus RR, Vokurka RJ (1999) Defining supply chain management:
a historical perspective and practical guidelines. Ind Manag Data
Syst 99:11-17

Marinos T, Zahir I (2003) Integrating cross-enterprise systems: an
innovative framework for the introduction of enterprise applica-
tion integration. In: Proceedings of the 11th European confer-
ence on information systems 1972—-1988

Mastrocinque E, Yuce B, Lambiase A, Packianather MS (2013) A
multi-objective optimisation for supply chain network using the
bees algorithm. Int J Eng Bus Manag 5:1-11

Min H, Zhou G (2002) Supply chain modeling: past, present and
future. Comput Ind Eng 43:231-249

Moncayo-Martinez LA, Recio G (2014) Bi-criterion optimisation for
configuring an assembly supply chain using Pareto ant colony
meta-heuristic. J Manuf Syst 33:188-195

Moncayo-Martinez LA, Zhang DZ (2011) Multi-objective ant colony
optimisation: a meta-heuristic approach to supply chain design.
Int J Prod Econ 131:407—420

Moncayo-Martinez LA, Zhang DZ (2013) Optimising safety stock
placement and lead time in an assembly supply chain using bi-
objective MAX-MIN ant system. Int J Prod Econ 145:18-28

@ Springer

More D, Babu AS (2008) Perspectives, practices and future of supply
chain flexibility. Int J Bus Excell 1:302-336

Murphy F, Devlin G, McDonnell K (2014) Forest biomass supply
chains in Ireland: a life cycle assessment of GHG emissions and
primary energy balances. Appl Energy 116:1-8

Nagarajan M, Sosi¢ G (2008) Game-theoretic analysis of cooperation
among supply chain agents: review and extensions. Eur J Oper
Res 187:719-745

Nagurney A, Yu M (2012) Sustainable fashion supply chain
management under oligopolistic competition and brand differ-
entiation. Int J Prod Econ 135:532-540

Nelson D, Marsillac E, Rao S (2012) Antecedents and evolution of
the green supply chain. J Oper Supply Chain Manag 1:29-43

Ness B, Urbel-Piirsalu E, Anderberg S, Olsson L (2007) Categorising
tools for sustainability assessment. Ecol Econ 60:498-508

Ng WPQ, Lam HL (2014) A supply network optimisation with
functional clustering of industrial resources. J Clean Prod
71:87-97

Ng WPQ, Lam HL, Yusup S (2013) Supply network synthesis on
rubber seed oil utilisation as potential biofuel feedstock. Energy
55:82-88

Ng WPQ, Promentilla MA, Lam HL (2015) An algebraic approach
for supply network synthesis. J Clean Prod 88:326-335

Nwe ES, Adhitya A, Halim I, Srinivasan R (2010) Green supply chain
design and operation by integrating LCA and dynamic simula-
tion. Comput Aided Chem Eng 28:109-114

Oliver RK, Webber MD (1982) Supply-chain management: logistics
catches up with strategy. In: Christopher M (ed) Logistics: the
strategic issues. Chapman & Hall, London, pp 192-209

Paksoy T, Pehlivan NY, Ozceylan E (2012) Application of fuzzy
optimization to a supply chain network design: a case study of an
edible vegetable oils manufacturer. Appl Math Model
36:2762-2776

Pal K, Karakostas B (2014) A multi agent-based service framework
for supply chain management. Proc Comput Sci 32:53-60

Pasandideh SHR, Niaki STA, Asadi K (2015) Bi-objective optimiza-
tion of a multi-product multi-period three-echelon supply chain
problem under uncertain environments: nSGA-II and NRGA. Inf
Sci 292:57-74

Paulo H, Azcue X, Barbosa-Pévoa AP, Relvas S (2015) Supply chain
optimization of residual forestry biomass for bioenergy produc-
tion: the case study of Portugal. Biomass Bioenergy 83:245-256

Peidro D, Mula J, Poler R, Verdegay JL (2009) Fuzzy optimization
for supply chain planning under supply, demand and process
uncertainties. Fuzzy Sets Syst 160:2640-2657

Petrovic D, Roy R, Petrovic R (1998) Modelling and simulation of a
supply chain in an uncertain environment. Eur J Oper Res
109:299-309

Pham DT, Ghanbarzadeh A, Koc E, Otri S, Rahim S, Zaidi M (2005)
The Bees Algorithm: A novel too for complex optimisation
problems. In: Proceedings of the 2nd international virtual confer-
ence on intelligent production machines and systems, pp 454-459

Power D (2005) Supply chain management integration and imple-
mentation: a literature review. Supply Chain Manag
10(4):10252-10263

Pucker J, Zwart R, Jungmeier G (2012) Greenhouse gas and energy
analysis of substitute natural gas from biomass for space heat.
Biomass Bioenergy 38:95-101

Ramezani M, Bashiri M, Tavakkoli-Moghaddam R (2013) A new
multi-objective stochastic model for a forward/reverse logistic
network design with responsiveness and quality level. Appl
Math Model 37:328-344

Ren J, Dong L, Sun L, Goodsite ME, Tan S, Dong L (2015) Life cycle
cost optimisation of biofuel supply chains under uncertainties
based on interval linear programming. Bioresour Technol
187:6-13



Overview of sustainable biomass supply chain: from concept to modelling 2193

Robinson EP, Satterfield RK (1998) Designing distribution systems to
support vendor strategies in supply chain management. Decis Sci
29:685-706

Ryu J (2005) A multi-level programming optimization approach to
enterprise-wide supply chain planning. Comput Aided Chem
Eng 20:571-576

Sadhukhan J, Ng KS, Hernandez EM (2014) Biorefineries and
chemical processes: design, integration and sustainability anal-
ysis. Wiley, New York

Seifert RW, Zequeira RI, Liao S (2012) A three-echelon supply chain
with price-only contracts and sub-supply chain coordination. Int
J Prod Econ 138:345-353

Sharma B, Ingalls RG, Jones CL, Khanchi A (2013) Biomass supply
chain design and analysis: basis, overview, modeling, chal-
lenges, and future. Renew Sustain Energy Rev 24:608-627

Sheu JB (2011) Bargaining framework for competitive green supply
chains under governmental financial intervention. Transp Res
Part E 47:573-592

Silva CA, Sousa J, Runkler T, Sa da Costa J (2004) A multi-agent
approach for supply chain management using ant colony
optimization. Proc IEEE Int Conf Syst Man Cybern
2:1938-1943

Silva CA, Sousa J, Runkler T, Sa da Costa J (2009) Distributed supply
chain management using ant colony optimization. Eur J Oper
Res 199:349-358

Simchi-Levi D, Kaminsky P, Simchi-Levi E (2013) Designing and
managing the supply chain. McGraw-Hill Higher Education,
New York

Sitek P, Nielsen IE, Wikarek J (2014) A hybrid multi-agent approach
to the solving supply chain problems. Proc Comput Sci
35:1557-1566

Slack N (1991) The manufacturing advantage: achieving competitive
manufacturing operations. Mercury Business Books, New York

Sobel MJ, Turcic D (2008) Risk aversion and supply chain contract
negotiation. Working paper, Case Western Reserve University,
Cleveland

Srivastava SK (2007) Green supply-chain management: a state-of-
the-art literature review. Int J] Manag Rev 9:53-80

Starr R, Newfrock J, Delurey M (2003) Enterprise Resilience:
managing Risk in the Networked Economy. Int J Prod Res
30:1-10

Stevens GC (1989) Integrating the supply chain. Int J Phys Distrib
Mater Manag 19:3-8

Sukumara S, Amundson J, Badurdeen F, Seay J (2015) A compre-
hensive techno-economic analysis tool to validate long-term
viability of emerging biorefining processes. Clean Technol
Environ Policy 17:1793-1806

Siile Z, Bertok B, Friedler F, Fan LT (2011) Optimal design of supply
chains by P-graph framework under uncertainties. Chem Eng
Trans 25:453-458

Swaminathan JM, Smith SF, Sadeh NM (1998) Modeling supply
chain dynamics: a multiagent approach. Decis Sci 29:607-632

Syam SS (2002) A model and methodologies for the location problem
with logistical components. Comput Oper Res 29:1173-1193

Syarif A, Yun Y, Gen M (2002) Study on multi-stage logistic chain
network: a spanning tree-based genetic algorithm approach.
Comput Ind Eng 43:299-314

Tang JP, Lam HL, Aziz MKA, Morad NA (2015) Game theory
approach in Malaysia palm biomass industry analysis. Chem Eng
Trans 45:463-468

Teimoury E, Haddad H (2013) A bee algorithm for parallel batch
production scheduling. Int J 2:169-171

Themistocleous M, Irani Z, O’Keefe RM (2001) ERP and application
integration: exploratory survey. Bus Process Manag J 7:195-204

Truong TH, Azadivar F (2005) Optimal design methodologies for
configuration of supply chains. Int J Prod Res 43:2217-2236

Turan P, Yapici PN, Eren O (2012) Application of fuzzy optimization
to a supply chain network design: a case study of an edible
vegetable oils manufacturer. Appl Math Model 36:2762-2776

Vance L, Cabezas H, Heckl I, Bertok B, Friedler F (2013) Synthesis
of sustainable energy supply chain by the P-graph framework.
Ind Eng Chem Res 52:266-274

Von Neumann J, Morgenstern O (1947) Theory of games and
economic behavior. Princeton University Press, Princeton

Vonderembse MA, Uppal M, Huang SH, Dismukes JP (2006)
Designing supply chains: towards theory development. Int J Prod
Econ 100:223-238

Wan YK, Ng RTL, Ng DKS, Aviso KB, Tan RR (2015) Fuzzy multi-
footprint optimisation (FMFO) for synthesis of a sustainable
value chain: malaysian sago industry. J Clean Prod. doi:10.1016/
j-jclepro.2015.05.050

Wang HS (2009) A two-phase ant colony algorithm for multi-echelon
defective supply chain network design. Eur J Oper Res
192:243-252

Wang KJ, Chen MJ (2009) Cooperative capacity planning and
resource allocation by mutual outsourcing using ant algorithm in
a decentralized supply chain. Expert Syst Appl 36:2831-2842

Wang KJ, Lee CH (2015) A revised ant algorithm for solving
location—allocation problem with risky demand in a multi-
echelon supply chain network. Appl Soft Comput 32:311-321

Womack JP, Jones DT, Roos D (2007) The machine that changed the
world: the story of lean production—Toyota’s secret weapon in
the global car wars that is now revolutionizing world industry.
Free Press, New York

Wood A (1997) Extending the supply chain: strengthening links with
IT. Chem Week 159:26

Xu R, Zhai X (2010) Analysis of supply chain coordination under
fuzzy demand in a two-stage supply chain. Appl Math Model
34:129-139

Yan H, Yu Z, Edwin Cheng TC (2003) A strategic model for supply
chain design with logical constraints: formulation and solution.
Comput Oper Res 30:2135-2155

Yeh WC, Chuang MC (2011) Using multi-objective genetic algorithm
for partner selection in green supply chain problems. Expert Syst
Appl 38:4244-4253

Yilmaz S, Selim H (2013) A review on the methods for biomass to
energy conversion systems design. Renew Sustain Energy Rev
25:420-430

Yuce B, Mastrocinque E, Lambiase A, Packianather MS, Pham DT
(2014) A multi-objective supply chain optimisation using
enhanced Bees Algorithm with adaptive neighbourhood search
and site abandonment strategy. Swarm Evol Comput 18:71-82

Yun Y, Moon C, Kim D (2009) Hybrid genetic algorithm with
adaptive local search scheme for solving multistage-based
supply chain problems. Comput Ind Eng 56:821-838

Zamarripa M, Silvente J, Espuiia A (2012) Supply chain planning
under uncertainty using genetic algorithms. Comput Aided
Chem Eng 30:1306-1314

Zamarripa MA, Aguirre AM, Méndez CA, Espuiia A (2013)
Mathematical programming and game theory optimization-based
tool for supply chain planning in cooperative/competitive
environments. Chem Eng Res Des 91:1588-1600

Zegordi SH, Abadi INK, Nia MAB (2010) A novel genetic algorithm
for solving production and transportation scheduling in a two-
stage supply chain. Comput Ind Eng 58:373-381

Zhang T, Zhang D (2007) Agent-based simulation of consumer purchase
decision-making and the decoy effect. J] Bus Res 60:912-922

Zhang DZ, Anosike Al Lim MK, Akanle OM (2006) An agent-based
approach for e-manufacturing and supply chain integration.
Comput Ind Eng 51:343-360

Zhang S, Lee CKM, Choy KL, Ho W, Ip WH (2014) Design and
development of a hybrid artificial bee colony algorithm for the

@ Springer


http://dx.doi.org/10.1016/j.jclepro.2015.05.050
http://dx.doi.org/10.1016/j.jclepro.2015.05.050

2194

B. H. Hong et al.

environmental vehicle routing problem. Transp Res Part D
31:85-99

Zhang LL, Lee C, Zhang S (2016) An integrated model for strategic
supply chain design: formulation and ABC-based solution
approach. Expert Syst Appl 52:39-49

Zhao Y, Wang S, Cheng TCE, Yang X, Huang Z (2010) Coordination
of supply chains by option contracts: a cooperative game theory
approach. Eur J Oper Res 207:668-675

Zhao R, Neighbour G, Han J, McGuire M, Deutz P (2012) Using
game theory to describe strategy selection for environmental risk

@ Springer

and carbon emissions reduction in the green supply chain. J Loss
Prev Process Ind 25:927-936

Zhu QH, Dou YJ (2007) Evolutionary game model between
governments and core enterprises in greening supply chains.
Syste Eng 27:85-89

Zolfpour-Arokhlo M, Selamat A, Hashim SZM (2013) Route
planning model of multi-agent system for a supply chain
management. Expert Syst Appl 40:1505-1518



	Overview of sustainable biomass supply chain: from concept to modelling
	Abstract
	Introduction
	Overview of biomass supply chain
	Biomass harvesting and management
	Integrated biorefinery
	Product distribution
	Logistics

	Lean, agile, resilient and green elements in sustainable biomass supply chain
	Lean biomass supply chain
	Agile biomass supply chain
	Resilient biomass supply chain
	Green biomass supply chain

	Sustainable supply chain model
	Mathematical programming
	Heuristic approach
	Hybrid model
	IT-driven model

	Future challenges and scope in sustainable biomass supply chain
	Systematic framework for centralisation versus decentralisation
	Systematic scheduling approach
	Sustainable index
	Debottlenecking of existing supply chain
	Qualitative study

	Conclusion
	Acknowledgments
	References




