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Handling of solid biomass from the perspective of dry bulk terminals
Many dry bulk terminals have
experienced an increase in biomass
handling because of the use in feed
and food sector, the recent technical
development in bioenergy, and
several governmental energy policies
(e.g. EU directives)[1], writes Dr.
Mi-Rong (Kimberly) Wu. Normally the
biomass for the application in the
feed and food sector (e.g. corn, oats,
soy meals, barley) is handled by grain
terminals. However, because of the
wide range of applications in the
energy sector, the handling of solid
biomass materials has been seen also
in other dry bulk terminals. Camia et
al. estimated that more than one
billion tonnes per year of solid biomass has
been used in the EU; primarily in the feed
and food sector, followed by bioenergy
sector and biomaterial (see Figure 1)[1]. The
International Energy Agency (IEA) has also
estimated that by 2040 the demand for
bioenergy will exceed 1,850 Mtoe (million
tonnes of oil equivalent) [2].
Solid biomass comes in various forms
(e.g. pellets, chips) and from various sectors
(e.g. agriculture, forestry) and increasingly it
is being traded in international markets.
Bradley et al. [3] have indicated that shipping
is the main method to transport solid
biomass. In addition, other studies ([4] [5])
have concluded that the most preferable
biomass supply chain is long distance
transport via shipping. This implies that
marine terminals in ports will be the
important hubs within the logistics chain.
Various aspects should be taken into
account to have a thorough picture of solid
biomass operations: the significant material
types for large-scale handling, the
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biomass types strongly depends on
their
physical
material
properties/flow
properties.
Furthermore, the flow properties
may also affect the operational
process. For a better understanding
regarding equipment it is important
to look deeper to compare these
solid biomass properties with other
bulk materials that have been
handled and studied frequently, such
as coal and grain.
Table 1 shows that there is four
Figure 1:
times
more volume of solid biomass
Distribution of
[1]
required
for the same energy output
EU-28 biomass uses .
compared with coal. Solid biomass
properties show a much wider
implication from the physical/flow range per characteristic, in comparison
properties for cargo handling at the with soybean and coal. Furthermore, the
terminal, and the effects caused by the following aspects are important when it
stochastic parameters (e.g. vessel arrival comes to solid biomass fuels from the
patterns) to the storage capacity and perspective of a dry terminal:
storage time of solid biomass operations. v Because of the hydrophilic nature of
These aspects are further discussed in the
solid biomass fuels, they are sensitive to
following sections.
material
degradation.
It
is
recommended to handle and store solid
biomass fuels with enclosed or covered
MATERIAL TYPE AND PHYSICAL
equipment/option (e.g. warehouses,
PROPERTIES OF SOLID BIOMASS
covered trough belt conveyors).
There are various kinds of solid biomass,
but not every type is suitable for being v Solid biomass has a strong tendency for
transported over long distances and
self-heating because of bio-activities and
handled in dry bulk terminals. Important
potential high moisture content. Thus,
criteria such as potential availability, the
certain common prevention measures
application preference/possibility by major
performed for coal handling (e.g.
users (e.g. power plants) and logistical
compaction) increase the risk of selfconcerns are the reasons that wood pellets
heating.
and wood chips are the main feedstocks for v Equipment designed for coal handling is
bioenergy application. Another solid
suitable for the operation of solid
biomass with good potential is torrefied
biomass fuels. However, the handling
pellets because its material properties (e.g.
processes/methods need to be adjusted
higher energy content, hydrophobic),
according to the material properties.
provided that the market implementation v Because of the low bulk density, more
in the future will be successful.
equipment (capacity) is required for the
It is essential to understand the material
same tonnage handling performance.
properties of these selected solid biomass
For solid biomass handling, the
types, in order to know how to handle and
volumetric performance should be the
store them properly. Selection and design
main benchmark rather than tonnage
of handling and storage equipment for solid
performance.

TABLE 1: COMPARISON OF PHYSICAL PROPERTIES RELEVANT FOR
EQUIPMENT DESIGN AND HANDLING SYSTEM SELECTION [6]
Material property
Solid biomass fuels
Bulk density (kg/m3)
220 – 650
Moisture content (%)
4 – 49*
Lower heating value (GJ/tonne)
8 – 21
Angle of repose (°)
34 – 47
Wall friction angle (°)
17 – 30
(Stainless steel)
40 – 53
* Fresh wood chips

Coal
640 – 920
15 – 65
30
27 – 38
25 – 35
55

Grain
700 – 870
5 – 20
N/A
25 – 27
12 – 14
29 – 31
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IMPACT FROM STOCHASTIC
ELEMENTS TO STORAGE
CAPACITY AND STORAGE
TIME

Figure 2: An example of yearly stock level fluctuation
from simulation experiments.

It is challenging to simply
calculate the storage capacity
as a result from the following
factors:
v the supply seasonality;
v the arrival patterns of the
incoming and outgoing
flows;
v the size composition of
the
vessels/inland
transportation);
v the operational strategies
and process at the dry
bulk terminal; and
Figure 3: An example of vessel turnaround time
v the operational stoppages
from simulation experiments.
(e.g. rain, equipment
breakdowns).
Dynamic simulation tools are
increasing used to make such
an estimation for:
v the ability to cope with
the
above-mentioned
stochastic elements;
v the
capability
for
quantifying
the
measurable KPIs (see
Figure 2 and Figure 3 for examples); and
homogeneous storage piles (in terms of
material particle size distribution),
v and the strength to systematically
taking the geometry of storage piles
compare various strategies/options.
into account, avoiding compacted
It is recommended to use such a
storage piles, etc.
simulation approach to design and assess
the storage arrangement for the solid v The storage time of solid biomass
biomass handling.
should be controlled. Depending on the
Storage facilities for solid biomass
moisture content of the material, the
require large areas as a result of their low
recommended maximum storage time
bulk density and energy content (Table 1),
varies from three weeks (for fresh wood
to have the same energy output as coal, up
chips) to three months (wood pellets).
to eight times more volume of solid v Both storage capacity and storage time
biomass is required [7]. Furthermore, the
are sensitive to arrival and departure
patterns. Good logistic control is
need for an uninterrupted supply, power
required.
stations typically ask for storage capacities
of about 100,000 tonnes which requires a
covered storage around 200,000m3 (wood CONCLUSIONS AND RECOMMENDATIONS
pellets). With the same stacking method, Currently more and more dry bulk
1.3 times more land is needed (lower terminals are adding solid biomass into
volumetric performances for biomass)[8].
their cargo portfolio. It is expected that
Several enclosed/covered storage significant amount of wood pellets and
options can be used to store solid biomass, wood chips will be handled by dry bulk
such as silos (assuring a first-in/first-out terminals in the future, as well as “new
material flow); flat storage (wide sheds) or type” of bioenergy feedstocks, such as
domes. The following recommendations torrefied pellets.
The material characteristics of solid
apply to all storage options[8]:
biomass
come with a wide variation range
v Measures against dry matter loss and
material degradation, such as a good compared to commonly handled bulk
ventilation system and pre-drying before materials such as coal or grain; it is
necessary to have adjustments in terms of
storage, should be applied.
v Measures against self-heating should be handling process and storage requirement.
applied. Such measures can be having The low bulk density makes the volumetric

requirement
more
influential
than
the
tonnage demand mostly
seen
from
other
commonly handled bulk
commodities.
Several
handling processes need to
be adjusted (e.g. enclosed
storage,
self-heating
prevention method) to
cope with solid biomass
material properties.
An analysis supported
with simulation tools is
recommended as this
allows investigating the
combined
impact
of
stochastic events (e.g.
material
arrival
and
departure
patterns,
operational disruptions)
and
the
material
characteristics.
This
approach will result in a
better terminal design in
terms of berth capacity,
equipment
utilization,
storage capacity and
storage time.
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