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a b s t r a c t

Biomass and bioenergy potential estimation has been worldwide research highlights in renewable
energy field to get comprehensive understand of bioenergy development, especially under the situation
of energy crisis. This paper reviews the results of previous studies that investigated biomass resources
and their bioenergy potential estimation. It is organized from the perspectives of traditional vs. newly-
introduced approaches and present vs. future. First, according to the methods used in relative studies,
existing studies were divided into two categories: statistical data based and RS-GIS based. Second,
concerning about the future of bioenergy, biomass and bioenergy potential estimation under different
scenarios in the future were also reviewed and summarized according to the dominant factor considered
in simulation. At last, based on the reviews above, questions and the future of bioenergy potential
estimation were proposed so as to provide some instructions for bioenergy development.

& 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

With the development of human society and the population
growth, the surging demand for food and energy is forcing human
beings and earth's terrestrial ecosystems confronting with unpre-
cedented pressures. Since industrial revolution, the demand and
consumption of energy have increased significantly. Energy short-
age and security have become key issue all around the world. On
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the other hand, greenhouse gases generated from fossil fuels are
continuously accumulating in the atmosphere, which are the
major pollutants of air pollution and important factors for global
climate change. Facing the dual pressures mentioned above, more
environmental friendly and more economical alternative renew-
able energy sources are gradually coming into view. Global climate
change, food security and energy security are pressing us to seek a
more sustainable way when developing our production, life and
national economy. Bioenergy is one indispensible form of renew-
able energy among many from other sources (wind, solar, hydrau-
lic, geothermal etc.) [1]. The use of biomass and bioenergy can
significantly reduce greenhouse gas emissions. The carbon dioxide
it gives off when it is burned is counterbalanced by the amount
absorbed when the plant in question was grown. Thus, bioenergy
production based on biomass resources is an essential substitute
for fossil energy and has attracted general attention around the
world. It currently contributes about 9–13% of the total global
energy supply [2].

Biomass, as a renewable energy source, is biological material from
living, or recently living organisms, most often referring to plants or
plant-derived materials1 . Bioenergy is renewable energy made
available from materials derived from biological sources. Biomass
can either be used directly, or indirectly—once or converted into
another type of energy product such as biofuel. Biomass resources
estimation is a thorough spatial and statistical count of all the types
of biomass. While, bioenergy potential estimation, is the estimation
of potential amount of energy contained in biomass resources. Since
the use of bioenergy could not only supplement the shortage of fossil
fuels, but also stabilize atmospheric concentrations of greenhouse
gases below dangerous levels and help achieve the objectives of the
framework convention on climate change (FCCC), the question about
how much and how far bioenergy could help arises. Studies about
bioenergy potential estimation could give a thorough understanding
of the sources, types, amount and distribution of bioenergy poten-
tials. All these aspects can help assess how much bioenergy can
substitute and supplement energy shortage, the possible degree to
which bioenergy could contribute to decrease greenhouse gas, and
how to arrange rational development and utilization of bioenergy.

Bioenergy potential estimation is the first step to understand
bioenergy from the industrial chain and its development potential
in the future. In order to take a thorough look at the bioenergy
industry, researchers have done considerable studies about biomass
and bioenergy potential, not only in global and regional scale, but
also in national and local scale. In this paper, we review existing
researches about biomass and bioenergy potential estimation
through different aspects. The main objective of this paper is to
reveal current research progress of biomass and bioenergy potential
estimation, from the perspectives of methods, results, current
situation and the future. Based on analysis above,
the questions and the future of biomass and bioenergy potential
estimation are discussed to look forward to its further development.

2. Categories of biomass resources

According to the definition of biomass by European Commission,
there are various kinds of biomass resources such as products, by-
products and residues from agriculture, forestry and relative indus-
tries, as well as the non-fossil, biodegradable parts of industry and
municipal solid waste (MSW) [3]. Existing biomass resources cate-
gories are mostly based on their use and purpose. There are two
wide-accepted ones. The first is productive biomass and unused
biomass. The other divides biomass resources into agricultural,
forestry and aquatic biomass, waste biomass and planted biomass
[4]. Table 1 gives a detailed category of biomass resources and
examples for every type, as well as the potential estimation methods.

When estimating the amount of biomass resources, the types
are selected according to the accessibility of data in a certain
region, thus it is hardly to find studies gathering all the resources
types in their estimation. For example, in the estimation study of
global bioenergy resources in 2050 done by Smeets et al., their
first choice is energy plant, woods, residues and wastes including
agricultural and forestry collection and processing residues, excre-
ment and urine, MSW, etc. [5]. Li et al. considered four main types
of biomass when estimating biomass potential in China's agricul-
tural residues and wastes and forestry processing waste, firewood,
excrement and urine and MSW [6]. Crop residues are the most
commonly considered biomass types [7,8]. While, some food crops
are adopted as main raw material for energy production in some

Table 1
Biomass resources categories according to their origination.

Categories Representative materials

Productive biomass Terrestrial Carbohydrate Sugar cane, corn, sweet sorghum
Starch Maize, cassava, sweet potato
Cellulose Tropical grasses, poplar, sycamore
Hydrocarbon Eucalyptus, green coral
Grease Oil palm, rapeseed, sunflower

Aquatic Freshwater Water hyacintha

Ocean Large kelpa

Microorganism Green algae, photosynthetic bacteriaa

Unused biomass Residues from Agriculture Forestry Fisheries Agriculture Wheat bran, straw
Vegetable residues, processing residues

Animal Husbandry Animal manureb

Farm residuesb

Forestry Secondary forest
Woodland remnants
Crippled material in plants

Fisheries Jettisoned and dead fishb

Waste Municipal Waste Municipal and pulp sludgeb

Garbage Family garbage, fecesb

Note: The table is re-generated according to reference [4].
a Indicate the amount of these types of biomass can hardly be estimated.
b Indicating that the amount of these types could only be collected through statistical data. Besides statistical data, RS and GIS methods could be integrated into the

estimation method of rest ones.

1 Biomass Energy Center. Biomassenergycentre.org.uk. Retrieved on 2012–02–28.
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