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1. Introduction

Torrefaction of biomass is a promising and widely discussed pre-treatment method to reduce
the costs for bioenergy chains, especially logistics. Different studies have indicated that the
supply chain for fuel pellets made from torrefied biomass (black pellets) is more cost efficient
compared to conventional biomass pellets (white pellets) [1-7].

The utilization of torrefied biomass in “real life” situations in coal-fired power plants have
been tested and reported by major European power producers — The utilization of torrefied
biomass in existing handling and storage facilities and associated issues have been reported
recently [8-10].

The supply chain of torrefied biomass has been illustrated by Gardbo [6] as shown in
Figure 1 and is generally the same as for wood pellets logistics.
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Figure 1. Value chain of energy carriers made from torrefied biomass [6].

From a safety perspective conveying, storage, loading and unloading, milling and feeding
operations of torrefied biomass are the most relevant points in the value chain. Torrefied
biomass is usually compacted into pellets after torrefaction to improve its handling properties
by reducing dust emissions and increasing its bulk density.

Potential safety issues along the value chain of energy carriers made from torrefied biomass
are similar as for wood pellets, and mainly related to self-heating, dust emissions, off-
gassing and oxygen depletion. Proper handling and monitoring along the value chain are
required to minimize the risk for damage and financial losses.
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2. Product safety

Safety information on torrefied biomass is essential when designing handling, storage and
feeding equipment as well as operation and safety instructions and emergency procedures
for torrefied biomass. This information is available regarding a variety of commercial fuels
[11], but there is little information regarding safe handling and storage of torrefied biomass.
A recent report by Willén et al. [12], reviews recent results from dust explosion and self-
ignition characteristics of torrefied biomass.

2.1 Material Safety Data Sheet (MSDS) for torrefied biomass

Torrefied biomass is a relatively new product and global trade as a commodity fuel require
safety specifications and registrations. Material safety datasheets are important components
of product stewardship and occupational safety and health. MSDS are primarily not intended
for use by the general consumer but focusing instead on the hazards of working with the
material in an occupational setting.

There are national and international standards for MSDS and they provide information on
the composition, potential hazards, emergency measures, physical and chemical properties,
toxicology and transport and regulatory information. MSDS for torrefied biomass are
currently under development by the torrefaction industry. The consortium behind the
European commission financed, research project SECTOR has recently drafted an MSDS
that is currently under discussion within the torrefaction industry [13].

2.2 Determination of hazard potentials

Biomass treatment plants with potential dust emissions are usually falling under ATEX
regulations. This is also valid for the production and handling of torrefied biomass fuels.
Methods for the determination of off-gassing potential [15,16], self heating [17,18] and self-
ignition/flammability tests [12] of biomass pellets have been described previously. Test
methods developed for wood pellets can also be used for testing pellets made from torrefied
biomass.

2.2.1 Self-heating, self-ignition and flammability of torrefied biomass

Torrefaction occurs in an oxygen depleted environment and the product is potentially
reactive when getting in contact with oxygen which can result in self-heating and in worst
case self-ignition. Torrefaction technology providers are aware of this potential problem, and
have taken technical measures to make their products less reactive when exposed to air
(i.e. quenching the reactivity with spraying water and adjusting the temperature and
atmosphere during and after the torrefaction reaction). Commercial fuel pellets made from
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torrefied biomass have been optimized towards a low reactivity and can usually be regarded
as safer.

There is little empirical data on the self-heating of torrefied biomass stored on large piles or
heaps, however there are indications that self-heating of torrefied biomass stocked on large
piles or heaps can occur when it gets in contact with humid air, most likely following the
same mechanism known for the self-heating occurring in coal piles. Different studies have
been made investigating self-heating of coal stockpiles [19-21], indicating that the transport
of oxygen and water to the coal pile and the transport of heat away from the pile by diffusion
and convection play a crucial role. The studies indicate that ventilation (wind) and shape of
the pile (angle of repose) are important factors to be taken into consideration [21]. It is most
likely that the measure preventing self-heating in coal piles are also valid for the storage of
torrefied biomass due to their similar characteristics. Further studies about this subject are
in progress at the moment.

Flammability parameters and self-ignition temperatures of torrefied wood dust have been
studied previously by Willén et al. [12] and are presented in Table 1 and Table 2.

Table 1. Flammability temperatures [12]*

Minimum Ignition Minimum Ignition
Temperature in a Temperature on a
dust cloud (°C) layer (°C)
Tarrefied wood dust 460 330
Wood dust 420 340
Peat dust 470-590 305-340
Lignite dust 410—-450 230-250
Coal dust 590760 270450

Table 2. Self-ignition tests made in an isothermal oven [12]*

Cell size Lower temp. Higher temp. Ignition Induction
(cm3} resulting in without ignition temperature time
ignition (°C) (°c) TSI (°C) (min)
50 190 185 1875 54
150 170 165 167.5 1
350 160 155 157.5 130
1500 145 140 1425 317

*) It has to be noted that the presented results are valid for a certain type of torrefied biomass
and that these parameters vary according to species, torrefaction technology and
temperature.
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2.2.2 Off-gassing and oxygen depletion

Generally, thermal treatment drives out potential hazardous off-gassing products from
biomass that are known problem within the wood pellets industry. Off-gassing and oxygen
depletion from black pellets is therefore minimal compared to conventional wood pellets [22].
Differences between different technologies and raw materials used for thermal treatment of
the biomass need to be further evaluated.

2.2.3 Dust and Dust explosion

Dust explosion hazards in atmospheric pressure bins and handling equipment are usually
provided for by arranging the discharge of explosion pressure through explosion discs or
relief vents and by using explosion suppression systems [11]. Torrefaction technology
providers have tested their materials for dust explosion potentials and designed there plants
accordingly to ATEX regulations to reduce the risks of fires and explosions [23].

Willén et al. have studied the explosion parameters of different dusts [11,12] as shown in
Table 3.

Table 3. Explosion parameters of different dusts [12]*.

Explosion Rate of pressure Limiting Oxygen
pressure Pmax rise Kmax Concentration LOC
(bar g) {m*bar/s) (%)
Torrefied wood dust 9.0 150 11
Wood dust 9.1-10.0 57-100 10-12
Peat dust 9.1-11.9 120-157 135
Lignite dust 94-11.0 90-176 13-15
Coal dust 8.9-10.0 37-86 14

Torrefied wood dust is classified as a class Stl dust, as most biomass fuel dusts [12]

*) It has to be noted that the presented results are valid for a certain type of torrefied biomass
and that these parameters vary according to species, torrefaction technology and
temperature.
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3. Logistics and utilization of torrefied biomass

Power producers are generally positive towards torrefied biomass fuels. However, secure
supply of sufficient amounts of torrefied biomass, consistently high product quality (i.e.
outdoor storage stability, dust emissions) and foreseeable and competitive pricing have
been a barrier for market introduction so far.

Safe handling of torrefied biomass in existing systems originally designed for coal are of
great importance for the end user. Power producers have tested and identified potential
issues related to the use of torrefied biomass in their power plants [8-10].

Foreseen issues to handle pellets from torrefied biomass in existing coal power plants are
mainly related to dust formation and ignition risks.

3.1 Shipping of torrefied biomass

The most cost efficient method for long distance shipping of torrefied biomass i.e. from North
America to Europe is ocean shipping, preferably in bulk carriers similar to the ones used for
wood pellets today.

Currently torrefied material does not have a safety classification under International Maritime
Organization (IMO) yet and can therefore not be transported by ocean vessels without
special permission since the product has similarities with charcoal, which is prohibited to be
transported in bulk [10]. Short distance transport of torrefied biomass is made by train, truck
and boats similar as for wood pellets.

The torrefaction industry is currently working on the safety classification of energy carriers
made from torrefied materials to ease transportation formalities and connected insurance
issues.

3.2 Unloading and transfer to conveyor

The utilization of torrefied biomass in existing handling and storage facilities at major
European power plant operators and associated issues have been reported recently [8-10,
24].

Vatenfall has made tests with torrefied biomass in their Reuter West plant in Berlin and
concluded that unloading and conveying of torrefied biomass is possible using the existing
systems in a coal power plant — only minor adaptions in dust suppression systems and in
the underloader grabs were required. Dust formation during conveying of torrefied biomass
was regarded as minimal/irrelevant [8].

Controlling dust emissions when conveying, loading and un-loading at the power plant site
has been mentioned by several end-users as an important issue [9]. Dust emissions are
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generally closely related to pellet durability that need to be sufficiently high to limit the risk

for dust emissions.

DONG Energy has tested torrefied biomass pellets in their Studstrup plant, north of Aarhus
and has not observed any significant dust formation during unloading [24].

3.3 Conveying

Conveying of torrefied biomass at the plant site has been reported to be un-problematic [8,
24]. Coal conveyors can be used for torrefied biomass; however, dustfall was at some
points higher than in coal operation [8].

Most power plant providers are concerned about dust and monitoring dust concentrations
when using torrefied biomass is recommended to minimize potential risks.

3.4 Storage at coal yard

Outside storage of torrefied pellets at a coal yard exposes them to sun, rain, wind and frost
that can alter the product, result in emissions such as dust or leachate. Experiences from
storage tests at hard coal yards have shown high COD (chemical oxygen demand) values
for the leachate, so that a ground insulation was required [8]

Risks for self-heating, ignition and degradation during outside storage are currently under
investigation and depend on multiple factors such as climate, pile size and shape as well
as pellet quality. Safety measures valid for coal yards should be applicable to torrefied
biomass pellets. Degradation of torrefied pellets due to climatic effects increase the risk for
dust formation for subsequent conveying operations



DANISH
TECHNOLOGICAL
INSTITUTE

References

[1] Uslu, A., Faaij, A. P., & Bergman, P. C. A. (2008). Pre-treatment technologies, and their effect on
international bioenergy supply chain logistics. Techno-economic evaluation of torrefaction, fast pyrolysis and
pelletisation. Energy,33(8), 1206-1223.

[2] Pirraglia, A., Gonzalez, R., Denig, J., & Saloni, D. (2013). Technical and economic modeling for the
production of torrefied lignocellulosic biomass for the US densified fuel industry. Bioenergy Research, 6(1),
263-275.

[3] Ehrig, R., Gugler, H., Kristéfel, C., Pointner, C., Schmutzer-Roseneder, I., Feldmeier, S., Wdrgetter, M.
(2013). Economic comparison of torrefaction-based and conventional pellet production-to-end-use-chains. In
21" European Biomass Conference, Copenhagen

[4] Svanberg, M., & Halldérsson, A. (2013). Supply chain configuration for biomass-to-energy: the case of
torrefaction. International Journal of Energy Sector Management, 7(1), 65-83.

[5] Batidzirai, B., van der Hilst, F., Meerman, H., Junginger, M. H., Faaij, A. P. (2014). Optimization potential
of biomass supply chains with torrefaction technology. Biofuels, Bioproducts and Biorefining, 8(2), 253-282.

[6] Gardbro G (2014). Techno-economic modeling of the supply chain for torrefied biomass. Master Thesis
from Umea University - Institution Department of Applied Physics and Electronics.

[7] Wild, M. (2011). The ratio behind torrefaction - trade off between additional invesment & energy use vs.
logistical & end user advantages. Presented at the Central European Biomass Conference 2011, Graz,
January 2011. http://www.ieabcc.nl/workshops/task32 2011 graz_torrefaction/Graz%20Wild%202011.pdf

[8] Hermes, H.D. Large-scale tests using refined wood pellets in coal power plants. Presented at 11t
Industry Forum Pellets, Stuttgart, 51" October 2011.

[9] Zwart, R., Quick, W., Weaterstone, S., Theobald, K., Kollberg, K., Hinderson, A., Karlsson, G., Padban,
N., Quak, R., Khodayari, R. Description of existing handling and storage facilities and the associated issues.
Public report within EU FP7 Project: SECTOR — Production of solid sustainable energy carriers by means of
torrefaction. Deliverable Report 6.1

[10] Kiel, J. (2014) Torrefaction - an enabler for biomass gasification. Presented at Biomass Gasification
Europe 2014, Alkmaar, 2" October 2014.

[11] Wilén, C., Jukola, P., Jarvinen, T., Sipila, K., Verhoeff, F., & Kiel, J. (2013). Wood torrefaction—pilot tests
and utilisation prospects. VTT Technical Research Centre of Finland, Espoo, Finland.
http://www.vtt.fi/inf/pdf/technology/2013/T122.pdf

[12] Wilén, C., Moilanen, A., Rautalin, A., Torrent, J., Conde, E., Lodel, R., Carson, D., Brehm, K. (1999).
Safe handling of renewable fuels and fuel mixtures. VTT Technical Research Centre of Finland, Espoo,
Finland. http://www.vtt.fi/inf/pdf/publications/1999/P394.pdf

[13] Hoeft, M., Pommer, L. Lemus, J. (2013) Requirements for a MSDS for torrefied material. Public report
within EU FP7 Project: SECTOR — Production of solid sustainable energy carriers by means of torrefaction.
Deliverable Report 8.2

[14] Koppejan J.; Sokhansanj S.; Melin S.; Madrali S. (2012) Status overview of torrefaction technologies.
IEA Bioenergy Task 32, Final report

[15] Arshadi, M. (2014) Monitoring and reducing emissions from wood pellets. Presented at EU-Workshop —
SafePellets & AshMelT 15th of October 2014, Berlin (Germany). http://www.safepellets.eu/wp-
content/uploads/2014/10/monitoring_and reducing emissions from wood pellets.pdf



http://www.ieabcc.nl/workshops/task32_2011_graz_torrefaction/Graz%20Wild%202011.pdf
http://www.vtt.fi/inf/pdf/technology/2013/T122.pdf
http://www.vtt.fi/inf/pdf/publications/1999/P394.pdf
http://www.safepellets.eu/wp-content/uploads/2014/10/monitoring_and_reducing_emissions_from_wood_pellets.pdf
http://www.safepellets.eu/wp-content/uploads/2014/10/monitoring_and_reducing_emissions_from_wood_pellets.pdf

DANISH
TECHNOLOGICAL
INSTITUTE

[16] Yazdanpanah, F., Sokhansanj, S., Lim, C.J., Bi, T. Melin, S. Stratification of off-gassing in stored wood
pellets. Presented at World Sustainable Energy Days 2012, Wels, Austria.
http://www.wsed.at/fileadmin/redakteure/\WSED/2012/download presentations/08 Yazdanpanah.pdf

[17] Léonnermark, A., Larsson I. (2014) Self-heating of biomass pellets. Presented at EU-Workshop —
SafePellets & AshMelT 15th of October 2014, Berlin (Germany). http://www.safepellets.eu/wp-
content/uploads/2014/10/selfheating of biomass pellets.pdf

[18] Hinnerskov Jensen, J. (2014) Results from verification tests of self-heating and off-gassing in small and
large scale storages. Presented at EU-Workshop — SafePellets & AshMelT 15th of October 2014, Berlin
(Germany).

http://www.safepellets.eu/wp-

content/uploads/2014/10/results from verification tests of selfheating and offgassing in_small scale an
d large scale storages.pdf

[19] Brooks, K., & Glasser, D. (1986). A simplified model of spontaneous combustion in coal stockpiles. Fuel,
65(8), 1035-1041.

[20] Krishnaswamy, S., Agarwal, P. K., & Gunn, R. D. (1996). Low-temperature oxidation of coal. 3.
Modelling spontaneous combustion in coal stockpiles. Fuel, 75(3), 353-362.

[21] Fierro, V., Miranda, J. L., Romero, C., Andres, J. M., Arriaga, A., Schmal, D., Visser, G. H. (1999).
Prevention of spontaneous combustion in coal stockpiles: experimental results in coal storage yard. Fuel
processing technology, 59(1), 23-34.

[22] zZilkha Biomass Energy (2014). Renewable Power from Coal Plants. Presented at Biomass Pellets Trade
Asia, Seoul, Korea, September 23-24. 2014. http://zilkha.com/wp-content/uploads/2014/12/Seoul-Korea-
Biomass-2014-Sep-23-25 v4-FINAL.pdf

[23] Eyer, A. Torrefaction demonstration plants. Presented at the WPAC Conference/AGM, Quebec City,
2012. http://www.pellet.org/images/stories/2012%20-%20wpac%20presentations%20part%20b.pdf

[24] Carbo, M., Abelha, P., van der Drift, B., Janssen, A., Kiel, J., Mourao, C., Pels, J. Characterization of
torrefied pellets. Presented at Torrefaction of Biomass Workshop, Leeds, UK, April 2. 2014
http://www.engineering.leeds.ac.uk/short-courses/Torrefaction%202014/documents/2.MichielCarbo-
Characterisationoftorrefiedpellets.pdf



http://www.wsed.at/fileadmin/redakteure/WSED/2012/download_presentations/08_Yazdanpanah.pdf
http://www.safepellets.eu/wp-content/uploads/2014/10/selfheating_of_biomass_pellets.pdf
http://www.safepellets.eu/wp-content/uploads/2014/10/selfheating_of_biomass_pellets.pdf
http://www.safepellets.eu/wp-content/uploads/2014/10/results_from_verification_tests_of_selfheating_and_offgassing_in_small_scale_and_large_scale_storages.pdf
http://www.safepellets.eu/wp-content/uploads/2014/10/results_from_verification_tests_of_selfheating_and_offgassing_in_small_scale_and_large_scale_storages.pdf
http://www.safepellets.eu/wp-content/uploads/2014/10/results_from_verification_tests_of_selfheating_and_offgassing_in_small_scale_and_large_scale_storages.pdf
http://zilkha.com/wp-content/uploads/2014/12/Seoul-Korea-Biomass-2014-Sep-23-25_v4-FINAL.pdf
http://zilkha.com/wp-content/uploads/2014/12/Seoul-Korea-Biomass-2014-Sep-23-25_v4-FINAL.pdf
http://www.pellet.org/images/stories/2012%20-%20wpac%20presentations%20part%20b.pdf
http://www.engineering.leeds.ac.uk/short-courses/Torrefaction%202014/documents/2.MichielCarbo-Characterisationoftorrefiedpellets.pdf
http://www.engineering.leeds.ac.uk/short-courses/Torrefaction%202014/documents/2.MichielCarbo-Characterisationoftorrefiedpellets.pdf

