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Abstract— Bio-based economy or simply bio-economy is not a new concept. This concept, rather to be called as a practice, 
has had important contributions to the nation’s developments and poverty alleviation for many countries in the world. 
However, the concept now is refreshed with more strategic activities such as planning and operating the bio-refineries that 
utilize biomass resources. In this paper, optimal match of biomass resources to bio-products productions has been proposed 
and serve as a pre-requisite step in planning and operation of a bio-refinery. Brief explanations about thermochemical biomass 
conversion are reported. A superstructure of alternatives to produce bio-products such as bioenergy, bio-chemicals or 
bio-materials from biomass resources show a guided description in connecting and optimizing processing stages that are 
required to convert the biomass. Later in the optimization model’s formulation, bio-economic indicator such as profitability 
would be one of the relevant objective functions for achieving an optimal solution.  
 
Index Terms— Bio-economy, bio-refinery, biomass, biomass conversion routes, bio-products. 
 
I. INTRODUCTION 
 
Historically, bio-economy, especially in the 
agricultural sector, had played significant roles in 
alleviating poverties in developing nations throughout 
the world. Even though economies now have been 
formulated to diversify into different sectors such as 
manufacturing, electronics, and services, the 
bio-economy that is based on agriculture and biomass 
resources keeps maintaining its steady contributions to 
many nations' Gross Domestic Product (GDP). 
Nowadays, through bio-refinery, the bio-economy 
emerges as an attractive concept and practice for 
wealth creation and sustainability achievement. There 
are many reasons behind this fact including 
imbalanced availability and consumption of fossil 
resources, renewables such as biomass are generally 
ubiquitous, and recent progresses in scientific 
knowledge and technical competence with regard to 
bio-products production [1-2].  
The word of bio-economy in this paper, as opposed to 
the fossil-based economy, is referred to a sustainable 
production and conversion of biomass into numerous 
ranges of products, including bio-energy, 
bio-chemicals and bio-materials, in which bio-refinery 
plays the central role. Reference [3] Meanwhile 
reported bio-economy as an economy that utilizes 
renewable bio-resources, biological tools, eco-efficient 
processes that reduce greenhouse gases’ emissions in 
order to produce sustainable bio-products  for medical 
treatments, diagnostics, more-nutritional foods, 
energy, chemicals and materials, while simultaneously 
improving the quality of the environment and living 
standards. 
In the case of bio-energy, biomass ranks fourth as an 
energy resource after petroleum, natural gas and coal, 
and has provided approximately 14% of world 
energy’s demand [1]. Promisingly, the bio-economy 
can benefit for the 21st century’s nations as the 
fossil-based economy did for the previous century as 

highlighted by [3].   
 
II. NECESSITY OF BIOMASS UTILIZATION 
FOR BIO-ECONOMY AND SUSTAINABILITY 
 
Biomass is essentially renewable and is mainly 
composed of carbon, hydrogen and oxygen, and 
regarded to be a sustainable raw material that competes 
directly with fossil fuel resources because they both 
share similar conversion processes [4]. Basically, 
renewable refers to the capability of a substance to be 
restored when the initial stock has been exhausted. 
However, there are other scientific ways to define 
renewability of a substance. For example, a 
renewability ratio concept as the ratio of replenishment 
rate to depletion rate have been introduced in [5]. Even 
though  both rates are unusually known, it is obvious 
that the renewability ratio value for renewable 
substances is always greater than one. The percent 
renewable (PR) have been mentioned by [6], where for 
instance, biodiesel possesses 30% of PR value while 
fossil fuels have 0% of PR value. Another definition 
given by [7] refers to the content of carbon 14 or 
radiocarbon, a weakly radioactive isotope that is a 
naturally occurring element in all living things. As a 
general comparison, contemporary biomass has 100% 
of radiocarbon while fossil fuels have 0% of 
radiocarbon.  
The renewability of biomass is significantly important 
criteria to substitute the depleted fossil resources for 
the bio-economy through productions of sustainable 
energy, chemicals, and materials in the respective 
bio-refineries as being mentioned before.  In addition, 
biomass feedstocks are geographically dispersed 
worldwide as to provide equivalence of resource 
sharing, to ensure a balance of socioeconomic 
developments between urban and rural, and it can also 
sustain essentially the earth’s ecological system 
through a balance of carbon cycle. All the three pillars 
of sustainability, which are economic, environment 
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and social, are put likely to be fulfilled when designing 
and operating biomass systems. All in all, the practices 
of bio-economy that utilize renewable biomass 
resources eventually can contribute for more 
sustainable societies and industries by having an 
economy that is less dependent to fossil resources, 
generates less waste and harmful gases and also 
operates in a sustainable manner. 
 
III. BIOMASS CONVERSION ROUTES 
 
In general, conversion routes of biomass for making 
products can be divided into three; i) thermochemical 
route, ii) chemical route, and iii) biochemical route. 
Fig. 1 shows schematically these divisions. There are 
also research and operational studies to hybridize these 
routes for better performances [8-9].  
 

 
Fig 1: Biomass Conversion Technology Routes [10] 

 
In this paper, brief explanations about combustion, 
gasification and pyrolysis processes that are 
categorized under thermochemical route, are given in 
the following. Thermochemical routes of biomass have 
significant advantages in terms of offering flexibility to 
process nearly all types of biomass resources as 
compared to chemical and biochemical routes [11]. 
 
A. Combustion 
Biomass combustion is a thermal process that converts 
biomass source entirely to carbon dioxide and water 
vapor, thus precluding conversions to intermediate 
fuels or chemicals [11]. As the main purpose of 
combustion is to convert chemical energy stored in the 
fuel into electrical energy, reference [12] highlighted 
three key components that exist in a power plant that 

included: i) a mean of converting fuel to heat, ii) a 
mean of converting heat into mechanical energy, and 
iii) a mean to convert mechanical energy into electrical 
energy.  
Reference [13] has reported that net bio-energy 
conversion efficiencies for biomass combustion power 
plants range from 20% to 40%, while a higher 
efficiency is obtained with systems over 100 MWe or 
when the biomass is co-combusted in coal-fired power 
plants. Combined cycle also can improve overall 
thermal efficiencies as suggested by [12]. Apart from 
the plant efficiency concern, an action to mitigate 
greenhouse gases from the combustion process in the 
power plant must be urgently done. 
 
B. Gasification 
Biomass gasification is the conversion of biomass 
feedstocks by partial oxidation into a gaseous product 
called synthesis gas or also known as syngas. The latter 
consists primarily of hydrogen and carbon monoxide, 
with lesser amounts of carbon dioxide, water, methane, 
higher hydrocarbons and nitrogen [14]. Gasification is 
considered one of the most efficient ways of 
converting the energy embedded in biomass, and it is 
becoming one of the best technological alternatives for 
solid wastes reuse [15]. Unlike combustion process, 
gasification will allow biomass sources to 
simultaneously become the feedstocks for energy and 
chemical productions; the roles that are currently being 
played by natural gas and other fossil fuels.  
For a biomass gasification process, if the desired final 
products from the syngas are heat and power, a 
combined heat and power production system as a 
further processing step will be deployed. Otherwise, if 
the desired final products from the syngas are 
chemicals and liquid fuels, further processing like 
methanol production system and Fischer-Tropsch 
system can be installed, respectively. Table 1 shows 
some applications of syngas in the production of liquid 
fuels and chemicals.  
 
Table 1: Synthesis Gas for Fuels and Chemicals [16] 

 
 
C. Pyrolysis 
Pyrolysis is the conversion of biomass feedstocks to 
liquid (also known as bio-oil or bio-crude), solid 
(bio-char) and gaseous (bio-gas) fractions in the 
absence of air. This thermochemical conversion 
process can be divided into fast pyrolysis and slow 
pyrolysis, with the difference between the two classes 
depends on how fast biomass feedstocks are heated 
relative to the pyrolysis reaction time and the residence 
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time [17]. The conversion is considered fast if the time 
for heating biomass feedstocks to pyrolysis 
temperature is much faster than the characteristic 
pyrolysis reaction time. Fast pyrolysis happens at 
higher heating rate and rapid quenching (shorter 
residence time) of condensable products, which will 
predominantly produce bio-oils. Slow pyrolysis 
meanwhile occurs at lower heating rate and longer 
residence time that will mainly produce bio-chars. Fig. 
2 depicts a conceptual fast pyrolysis process. 

 

 
Fig 2: A Conceptual Fast Pyrolysis Process 

 
In the production of liquid fuels from bio-oils, selected 
further processing steps are required to upgrade the 
fuel properties of bio-oils. One of the options for 
treating and upgrading bio-oils is by hydro-processing 
that comprises hydro-treating and hydro-cracking. 
Hydro-treating is used to remove undesired 
compounds such as oxygen in bio-oil, while 
hydro-cracking is a process that breaks down larger 
molecules into naphtha and diesel.  
One clear advantage of pyrolysis and its upgrading 
scheme is that it is more cost-effective when compared 
with technologies like biomass gasification with 
Fischer-Tropsch system [18]. Bio-char meanwhile is a 
solid product of biomass pyrolysis that contains 
unconverted organic solids and carbonaceous residues. 
Bio-char can be used as a sustainable material for soil 
amendment because it can sequester carbon in a stable 
form, improve retention of nutrients and water, and 
enhance crop yields [19].  
 
IV. MATCHING BIOMASS RESOURCES TO 
BIO-PRODUCTS 
 
Matching biomass resources to respective products 
whether energy, chemicals or materials require five 
important steps: i) classify biomass resources for the 
possible products generations, ii) characterize or 
record important characteristic of particular biomass 
resources to match with required pre-treatments, iii) 
identify main processing route for the pre-treated 

biomass, iv) determine desired intermediate products 
from the main processing route, and v) determine final 
products from the further (1 or 2) processing route. 
These five steps are actually essential in designing a 
typical bio-refinery in the context of biomass supply 
chain, even though further steps might be added 
depending on the state in which form the final products 
are desired to be. From an economic point of view 
where the comparative analysis of options that exist, 
all of the costs (biomass cost, production cost, storage 
cost, handling cost, etc) associated with transforming 
raw biomass resources into valuable products should 
be minimized in order to maximize overall economic 
profitability [20]. Other options are also available to 
sell the pre-treated biomass and intermediates should 
to economics are favouring, instead of sending them 
for the next processing steps [20].   
Fig. 3 shows examples on how to incorporate those 
mentioned steps in matching the biomass resources to 
products generations,. This figure can be looked at as a 
superstructure of alternatives. In this context, 
optimization model is usually required to ensure an 
optimal solution is obtained. The objective function 
will maximize profitability and subject to specific 
constraints such as availability of biomass, products 
demands, etc.  
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Fig. 3: A Superstructure of Alternatives in Matching Biomass 

Sources to Products 
 

Fig. 4 meanwhile shows another representation of 
matching biomass resources with products 
generations, now considering the typical biomass types 
available and the high demand of bio-products (energy, 
chemicals and materials) generations. The acronyms 
used in Fig. 4 are: MC is moisture content, AC is ash 
content, VM is volatile matter, FC is fixed carbon, and 
HHV is high heating value. In general, proximity 
analysis of biomass resources will give information on 
calorific values, should the biomass be used as a fuel. 
The analysis will also give an indication on the 
required degree of drying from moisture content for 
pre-treatment purposes, the precaution in operation and 



International Journal of Management and Applied Science, ISSN: 2394-7926 Volume-2, Issue-2, Feb.-2016 

Towards Bio-Economy: Optimal Match of Biomass Resources to Bio-Products Productions 
 

65 

environmental concern from ash content, and so on.  
 

Biomass Sources and Characteristics 
(Proximate Analysis) Non-food Products

Forests, woodlands and plantations
 MC (~ 5.2 – 32.3%)
 AC (~ 1.5 – 38%)
 VM (~ 64 – 86%)
 FC (~ 9 – 30.87%)
 HHV (~ 12887 – 24662 J/g)

Heat

Conversion Routes

Thermochemical

Chemical

Biochemical

Dedicated crops
 MC (~ 6.1- 43%)
 AC (~ 0 - 17%)
 VM (~ 45.2 - 82%)
 FC (~ 11.4 - 50.2%)
 HHV(~ 11872 - 18559 J/g)

Onsite Crop residues
 MC (~ 6.3 – 13%)
 AC (~ 1.2 – 17.4%)
 VM (~ 67 – 89%)
 FC (~ 1.8 – 22.69%)
 HHV (~ 14381 – 20083 J/g)

Agro Processing residues
 MC (~ 3.9 – 31.4%)
 AC (~ 0.5 – 34%)
 VM (~ 65 – 86.5%)
 FC (~ 1 – 31.9%)
 HHV (~ 12734 – 22999 J/g)

Animal wastes
 MC (~ 6.9%)
 AC (~13.7%)
 VM (70.3%)
 FC (~ 16%)
 HHV (~ 17800 J/g)

Biodegradable municipal solid 
wastes 
 MC (~ 55.01%)
 AC (~ 9.26%)
 VM (~ 31.36%)
 FC (~ 4.37%)
 HHV (~ 3348.6 – 9208.8 J/g)

Steam

Synthesis Gas

Biogas

Alcohols

Liquid fuels

Charcoal

Compost

 
Fig 4: A Diagram Showing Matching Typical Biomass 

Resources to High Demand Products Productions 
 
CONCLUSION 
 
Biomass utilization is one of the key ingredients for 
bio-economy achievement that require knowledge of 
optimal selection of production pathways among  
alternatives. In doing so, matching the biomass 
resources to the products that are presented in this 
paper provide a general idea on how the pre-requisite 
of optimality could be achieved. Once the optimal 
routes are obtained, more rigorous models need to be 
established for practicality purposes and for more 
detailed designs. 
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