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Abstract:
SECTOR is a large-scale European project with a strong consortium of more than 20 partners from industry and science. The project is focused on the further development of torrefaction-based technologies for the production of solid bioenergy carriers up to pilot-plant scale and beyond, and on supporting the market introduction of torrefaction-based bioenergy carriers as a commodity renewable solid fuel.
The torrefaction of biomass materials is considered to be a very promising technology for the promotion of the large-scale implementation of bioenergy. During torrefaction biomass is heated up in the absence of oxygen to a temperature of 250-320°C. By combining torrefaction with pelletisation or briquetting, biomass materials can be converted into a high-energy-density commodity solid fuel or bioenergy carrier with improved behaviour in (long-distance) transport, handling and storage, and also with superior properties in many major end-use applications. Torrefaction has the potential to provide a significant contribution to an enlarged raw material portfolio for biomass fuel production inside Europe by including both agricultural and forestry biomass. 
In this way, the SECTOR project is expected to shorten the time-to-market of torrefaction technology and to promote market introduction within stringent sustainability boundary conditions. The European Union provides funding for this project within the Seventh Framework Programme. The project has a duration of 42 months and started in January 2012.
1. Introduction:
The torrefaction of biomass materials is considered to be a very promising technology for the promotion of the large-scale implementation of bioenergy. By combining torrefaction with pelletisation or briquetting, biomass materials can be converted into a high-energy-density commodity solid fuel or bioenergy carrier with improved behaviour in (long-distance) transport, handling and storage, and also with superior properties in many major end-use applications. Therefore, technology development is currently pushed with different research- and demonstration projects in the European Union and North America. Especially when torrefied biomass would be used for co-firing in coal power stations this could significantly contribute to the fulfilment of the political targets – the provision of 20 % of the primary energy consumption through renewable fuels until 2020 – without major technical adaptations. Besides the use of torrefied pellets in coal power stations currently further market areas are evaluated.

At present, the largest challenge is the production of significant amounts with homogenous properties that can be used for larger test campaigns in different conversion plants over a longer period and during different seasonal conditions. The SECTOR project was set up in order to support the further development of the torrefaction-based technologies and to close the gap between the lab- and pilot phase and the market implementation of torrefied biomass.



2. Objectives of SECTOR:
SECTOR is a large-scale European project within the Seventh Framework Programme of the European Union, has a duration of 42 months and has started in January 2012. The strong consortium of more than 20 partners from industry (e.g. EoN, Vattenfall, RWE Innogy, Doosan Power Systems) and science (e.g. DBFZ, OFI, TFZ) covers nearly all aspects of the biomass value chain – from analysis of raw materials, production and storage of torrefied biomass up to logistics and end use.

The project is focused on the further development of torrefaction-based technologies for the production of solid bioenergy carriers up to pilot-plant scale and beyond, and on supporting the market introduction of torrefaction-based bioenergy carriers as a commodity renewable solid fuel (Fig. 1). 
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Fig.1: Road map of Torrefaction Technology Development
In parallel to the development of torrefaction and densification technologies the consortium will work on the assessment of selected logistics aspects and the use of torrefied products in existing conversion options as well as fuel specification and testing methods. This is complemented by a full sustainability assessment of torrefaction-based biomass-to-end-use value chains.  In this way, the SECTOR project is expected to shorten the time-to-market of torrefaction technology and to promote market introduction within stringent sustainability boundary conditions.




3. Technology and Process
Torrefaction involves heating biomass in the absence of oxygen to a temperature of 250-320 °C. At these temperatures, a dry, torrefied product is obtained, which is stable, brittle and water resistant. This makes it much easier to grind than the parent biomass material and reduces biological degradation in storage. By combining torrefaction with pelletisation or briquetting, biomass materials can be converted into a high-energy-density commodity solid fuel or bioenergy carrier with improved behaviour in (long-distance) transport, handling and storage, and also with superior properties in many major end-use applications. 

Provided that the torrefaction process is conducted in an energy-efficient manner, i.e. with heat recovery and integration, overall biomass-to-torrefied-pellets energy efficiencies in excess of 90% (based on lower heating value) can be reached. In this way the overall energy efficiency of torrefaction-based biomass supply chains is increased, simultaneously reducing the CO2 footprint and costs. In addition to the possible reduction of CO2 emissions, torrefaction can help to exploit the large potential of residues. 

[bookmark: _GoBack]Worldwide there are different technology options for torrefaction which also influence the properties of the torrefied material. The different reactor types and technologies followed by European technology developers are shown in Table 1. Partners in the SECTOR project with pilot plants are ECN, BioEndev and CENER, the company Topell is involved with its demo scale plant.
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Table 1: Reactor Technologies of different European companies or institutions for the production of torrefied biomass (SECTOR-Partners are highlighted in red)

4. Chances and fields of application
Torrefaction has the potential to provide a significant contribution to an enlarged raw material portfolio for biomass fuel production inside Europe by including both agricultural and forestry biomass. The main focus will be on residual materials. It may enable the opening of new feedstock sources worldwide and allow import into Europe in an economically and environmentally sustainable manner. For example, due to the high energy density of torrefied and densified materials, typically three to five times higher than the original biomass, the energy requirements for intercontinental transport can be limited to only a few percent of the energy content of the bioenergy carrier. This is similar to the transport energy levels for coal, and due to the consistent quality of the torrefied product, it is possible that trading schemes similar to those for coal can be applied. With respect to the end-use, torrefaction-based bioenergy carriers may form a good starting point for (thermo-chemical) biorefinery routes. Furthermore, the homogenous quality of the fuel that is aimed for and the advantageous product quality of torrefied biomass offers optimal conditions for the use for co-firing in coal-fired power stations in order to substitute fossil fuels (Table 2). The brittle structure of the material that breaks down easily makes it possible to grind the densified fuel in the existing mills of coal power plants. Furthermore, there are cost advantages for transport and storage due to the very low water content and the moderately hydrophobic properties of the torrefied material.
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Table 2: Comparison of the properties of different wood based fuel


5. Conclusions
The torrefaction of lignocellulosic material offers optimal conditions for a better utilisation of the available biomass and can put residual biomass to a new use. Some of the torrefaction processes currently under development are close to market implementation. One of the challenges still is the continuous process control during torrefaction because during commercial operation the raw material will vary in respect to its properties (type of biomass, age, growing location etc.) During subsequent pelleting or briquetting of the dry, brittle material the optimal process conditions (pressure, temperature, size etc.) and the effective addition of a binder are still under research. Aimed for is the production of a solid fuel with a high energy and bulk density which will allow optimal conditions for transport, storage and use in different applications. Only after those technical and commercial challenges are solved and the production of a homogenous torrefied fuel is possible in continues operation the transfer of the process technology from Pilot/Demo-Scale towards industrial scale will take place.

Therefore, the European project SECTOR with its partners supports the product and market implementation of standardised torrefied fuel from biomass in Europe. (Fig. 2)
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Fig.2: Partners of SECTOR-Project which is coordinated by DBFZ Deutsches Biomasseforschungszentrum gGmbH
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Reactor technology European Technology developers & suppliers

Rotary drum CDS (UK), Torr-Coal (NL), BioEndev (SE), ACB (AT), 

BIO3D (FR), Atmosclear (CH), CENER (ES)

Multiple hearth furnace CMI-NESA (BE)

Screw reactor Biolake (NL), FoxCoal (NL)

Torbed reactor Topell (NL)

Moving bed reactor ECN (NL), Thermya (FR), Bühler (CH)

Belt reactor Stramproy Green (NL)

Fluidised bed reactor VTT (FI)
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Wood chips Wood pellets Torrefied 

wood pellets

Charcoal Coal

Moisture content (wt%)

30 – 55 7 – 10 1 – 5 1 – 5 10 – 15

Calorific value (LHV, MJ/kg) 

As received

7 – 12 15 – 17 18 – 24 30 – 32 23 – 28

Volatile matter (wt% db)

70 – 84 75 – 84 55 – 65 10 – 12 15 – 30

Fixed carbon (wt% db)

16 – 25 16 – 25 22 – 35 85 – 87 50 – 55

Bulk density (kg/l)

0.20 – 0.3 0.55 – 0.65 0.65 – 0.80 0.18 – 0.24 0.80 – 0.85

Vol. energy density (GJ/m3)

1.4 – 3.6 8 – 11 12 – 19 5.4 – 7.7 18 – 24

Hygroscopic properties

Hydrophilic Hydrophilic (Moderately)

Hydrophobic

Hydrophobic Hydrophobic

Biological degradation

Fast Fast Slow None None

Milling requirements

Special Special Standard 

–

feedstock specific

Standard Standard

Product consistency

Limited High High High High

Transport cost

High Medium Low Medium Low

sources: ECN (table, fig.1, 3), Pixelio (fig. 2, 5), ofi (fig. 4)

Abbreviations: 

db = dry basis

LHV =Lower Heating Value
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