
   

 

 
 

 
 
 

0ÒÏÄÕÃÔÉÏÎ ÏÆ 3ÏÌÉÄ 3ÕÓÔÁÉÎÁÂÌÅ %ÎÅÒÇÙ #ÁÒÒÉÅÒÓ ÆÒÏÍ 
"ÉÏÍÁÓÓ ÂÙ -ÅÁÎÓ ÏÆ 4ÏÒÒÅÆÁÃÔÉÏÎ 

 

$ÅÌÉÖÅÒÁÂÌÅ .ÏȢ $φȢχ 

Final report on bulk tests in existing storage and handling 
facilities 

 
Dissemination Level 

PU Public x 

PP Restricted to other programme participants (including the Commission Services)  

RE Restricted to a group specified by the consortium (including the Commission 
Services) 

 

CO Confidential, only for members of the consortium (including the Commission 
Services) 

 

 
Nature 

R Report x 

O Other  

 
Deliverable Details 

Due date: 30.06.2015 

Submission date: 05.10.2015 

Authors: 
Susan Weatherstone (E.ON), Nicklas Simonsson, Gerth Karlsson, Nader 

Padban (Vattenfall), Alex Adell (Topell), Pedro Abelha, Michiel Carbo (ECN) 

Involved participants: E.ON  Susan Weatherstone 

 E.ON Will Quick 

 Vattenfall Nicklas Simonsson 

 Vattenfall Gerth Karlsson 

 Vattenfall Nader Padban 

 Vattenfall Niklas Hansson 

 Topell Alex Adell i Arnuelos 

WP no. and title: WP 6 Logistics 

WP leader: ECN 

Task no. and title: Task 6.2 Outdoor storage and handling tests 

Task leader: E.ON 

Draft/Final: FINAL 

Keywords: Biomass, Torrefaction, Outdoor storage, Quality, Heating Value, Moisture 



D6.7 SECTOR 05.10.2015 

www.sector-project.eu  page 2 of 98 

Content, Mechanical durability, Stack temperature, Leach water quality 



D6.7 SECTOR 05.10.2015 

www.sector-project.eu  page 3 of 98 

  

Table of Content s 

1 Overall Summary of Deliverable 6.7 ........................................................................... 6 

2 Introduction to Deliverable 6.7 ................................................................................... 8 

3 E.ON Tests ................................................................................................................. 9 

3.1 Introduction to E.ON Storage Tests ................................................................................ 9 

3.2 Deviations from the Description of Work document ....................................................... 9 

3.3 Experimental method .................................................................................................. 10 

3.3.1 Set-up .............................................................................................................................................. 10 

3.3.2 Sampling .......................................................................................................................................... 13 

3.3.3 Sample analysis ............................................................................................................................... 14 

3.3.4 Pile take down ................................................................................................................................. 15 

3.4 Results ........................................................................................................................ 15 

3.4.1 Weather data .................................................................................................................................. 15 

3.4.2 Stockpile Temperatures .................................................................................................................. 15 

3.4.3 Chemical Analysis ............................................................................................................................ 20 

3.4.4 Physical analysis .............................................................................................................................. 20 

3.4.5 Stockpile Observations .................................................................................................................... 21 

3.5 Discussion ................................................................................................................... 28 

3.5.1 Weather Data .................................................................................................................................. 28 

3.5.2 Stockpile temperatures ................................................................................................................... 29 

3.5.3 Chemical Analysis ............................................................................................................................ 33 

3.5.4 Physical properties .......................................................................................................................... 37 

3.6 Conclusions to E.ON Stockpile Testing .......................................................................... 38 

4 Vattenfall Testing .................................................................................................... 42 

4.1 Introduction ................................................................................................................ 42 

4.1.1 Background & objective .................................................................................................................. 42 

4.1.2 Deviations from Description of Work document ............................................................................ 42 

4.2 Vattenfall Small Scale Outdoor Storage tests ................................................................ 42 

4.2.1 Test Location ................................................................................................................................... 42 

4.2.2 Pellet grades .................................................................................................................................... 43 

4.2.3 Outdoor stockpile testing methodology ......................................................................................... 43 

4.2.4 Sampling plan and methodology ..................................................................................................... 44 

4.2.4.1 Sampling plan ......................................................................................................................... 44 

4.2.4.2 Sampling procedure ............................................................................................................... 46 

4.3 Analysis results ............................................................................................................ 46 

4.3.1 Weather conditions during the trials .............................................................................................. 48 

4.3.2 Temperature in stock piles .............................................................................................................. 50 



D6.7 SECTOR 05.10.2015 

www.sector-project.eu  page 4 of 98 

4.3.3 Pellet moisture content ................................................................................................................... 52 

4.3.4 Pellet heating value ......................................................................................................................... 53 

4.3.5 Ultimate and proximate analysis ..................................................................................................... 54 

4.3.6 Ash melting temperature ................................................................................................................ 56 

4.3.7 Mechanical durability ...................................................................................................................... 56 

4.3.8 Bulk- and energy density ................................................................................................................. 58 

4.3.9 Leach water ..................................................................................................................................... 58 

4.3.10 Other observations of interest during the trials ......................................................................... 60 

4.4 Handling tests.............................................................................................................. 61 

4.4.1 Drop tests ........................................................................................................................................ 62 

4.4.1.1 Background ............................................................................................................................. 62 

4.4.1.2 Methodology .......................................................................................................................... 62 

4.4.1.3 Results & conclusions ............................................................................................................. 63 

4.4.2 Extended mechanical durability ...................................................................................................... 63 

4.4.3 Angle of repose ............................................................................................................................... 66 

4.4.4 Conveying and critical angel of inclination ...................................................................................... 66 

4.5 Summary and conclusions of Vattenfall tests ................................................................ 66 

5 Topell Tests .............................................................................................................. 68 

5.1 Introduction ................................................................................................................ 68 

5.1.1 Background & objective .................................................................................................................. 68 

5.1.2 Deviations from the Description of Work document ...................................................................... 68 

5.2 Experimental method .................................................................................................. 68 

5.2.1 Test location .................................................................................................................................... 68 

5.2.2 Set-up .............................................................................................................................................. 69 

5.2.3 Sampling .......................................................................................................................................... 70 

5.2.4 Sample analysis ............................................................................................................................... 70 

5.3 Results ........................................................................................................................ 71 

5.3.1 Weather conditions during test period ........................................................................................... 71 

5.3.2 Temperature measurements in the stockpile ................................................................................. 72 

5.3.3 Moisture content of pellets ............................................................................................................. 73 

5.3.4 Calorific value of pellets .................................................................................................................. 75 

5.3.5 Ash content of pellets ..................................................................................................................... 76 

5.3.6 Mechanical durability of pellets ...................................................................................................... 77 

5.3.7 Explosivity of dust formed during handling of exposed pellets ...................................................... 78 

5.4 Conclusions of Topell tests ........................................................................................... 79 

6 Overall Conclusions from Stockpile testing ................................................................ 80 

7 References ............................................................................................................... 83 

8 List of abbreviations ................................................................................................. 83 

Appendix 1: Chemical analysis of E.ON Stockpile samples ................................................ 84 

Appendix 2: Vattenfall Storage construction drawing ...................................................... 88 



D6.7 SECTOR 05.10.2015 

www.sector-project.eu  page 5 of 98 

Appendix 3: Summary of Vattenfall poplar pellet analyses .............................................. 89 

Appendix 4: Summary of spruce pellet analyses............................................................... 90 

Appendix 5: Leach water analyses ς ALS report ............................................................... 91 

 

 

  



D6.7 SECTOR 05.10.2015 

www.sector-project.eu  page 6 of 98 

1 Overall Summary of Deliverable 6.7 

This deliverable reports the results of three sets of tonne-scale outdoor storage tests on 

torrefied pellets undertaken by E.ON, Vattenfall and Topell. These tests were designed to 

investigate the chemical and physical changes in the torrefied material during long-term (up 

to one year) storage of torrefied biomass in outdoor stockpiles. For reasons of supply 

limitations and practicalities of the testing, these stockpiles were limited to 1-4 tonnes of 

material per stockpile, so are still small in comparison to the quantities of material which 

would be stored at a power station site (hundreds of thousands of tonnes) and they did not 

undergo the compaction that is commonly employed on coal stockpiles. As part of the 

Vattenfall work, tests designed to evaluate the behaviour of the pellets in the handling 

systems of coal power plant were also undertaken. The three sets of test are discussed 

separately in this document, with overall conclusions drawn at the end. Other potential 

benefits of using torrefied biomass over untreated biomass, such as differences in milling 

and biodegradation behaviour are discussed in other deliverables from the SECTOR project. 

The results of the stockpile tests indicate that the torrefied wood pellets supplied for these 

tests were not suitable for long-term storage outside, due to their propensity to absorb 

moisture and lose durability on exposure to rain. However, the rate at which this deterioration 

in quality occurred is slower than that of white wood pellet (pellets made from the 

compression of untreated wood, usually without addition of binders), which rapidly swell and 

disintegrate at their first exposure to moisture. In particular, for the first few weeks of the test, 

only the surface material showed significant deterioration. This suggests torrefied wood pellet 

could survive temporary storage outside to e.g. facilitate ship loading and discharge in a 

wider range of climatic conditions than is possible for white wood pellet.  

Both the E.ON and Vattenfall tests showed similar pellet behaviour in the stockpile tests, with 

moisture contents, particularly in the centre of the piles, increasing steadily with time and 

exposure to rainfall. In the tests conducted by Topell, limited to two months of exposure, the 

moisture intake by pellets was limited to the surface of the stockpiles without reaching the 

core of the piles. 

Development of the torrefaction and densification process is ongoing, with work undertaken 

within other work packages in the SECTOR project. No material produced from this 

optimisation work was available for testing, but production of a more robust pellet could allow 

these outdoor storage periods to be extended. The material used by Topell was produced at 

a later stage than the material used by E.ON and Vattenfall; these pellets were subjected to 

several handling operations and were stored for more than one year indoors, exposed to 

changing atmosphere conditions in the warehouse and to dust from manipulation of raw and 

torrefied materials.  

During durability testing, it was identified that the mechanical durability standard EN 15210 

does not include a drying step. This standard was developed for durability testing of 

untreated wood pellets, which are to be stored indoors. When exposing torrefied wood 

pellets to open air outdoor conditions, the moisture content in some sections of the piles 

increased to higher levels than the limit for sieving operations (~20 wt%), while still retaining 
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its shape; this led to issues with the sifting of the wet fines from the pellet, potentially 

distorting the results. It is therefore recommended that EN15210 is reviewed for use with 

pellets with high moisture contents. 

Although the quantities of material available were too small for full scale handling tests in 

coal plant, Vattenfall undertook additional testing to evaluate the handling properties of the 

torrefied pellet. Pellet breakage and fines generation were higher in the torrefied pellet than 

in a reference white wood pellet sample. This would suggest that material loss in the supply 

chain would be higher than with white wood pellet and dust management strategies within 

the plant would need to be reviewed. In particular, the level of dust generated in the sub-

250 µm range, important for explosivity considerations, from the torrefied pellet was similar or 

higher than that of white wood pellet.  
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2 Introduction to Deliverable 6.7 

One of the identified advantages of torrefied biomass over untreated biomass, and white 

wood pellet in particular, is the hydrophobic nature of the material, which should make it 

more suitable for outside storage, reducing the costs and difficulties associated with large-

scale storage. Ideally, for large scale use, torrefied biomass should have storage and 

handling properties which enable it to be managed in a similar manner to coal. Coal stock 

management practices vary by country and power plant, but the fuel should be capable of 

being stored outside for long periods of time, under a wide variety of climatic conditions and 

in piles containing many thousands of tonnes. For example, in the UK it is not uncommon for 

power stations to have three months of fuel on stock, equivalent to over a million tonnes of 

coal for a 2000 MWe plant. In some countries, e.g. where transport links are likely to be 

severed for extended periods of time in winter, stocks may be an even higher percentage of 

total fuel consumption. Compaction of coal stocks using heavy machinery is also commonly 

practiced to exclude oxygen and reduce the risk of self-heating. Even when fuel 

management strategies revolve around smaller stocks with a rapid turnover, events such as 

unplanned outages can result in some material being stored for longer periods of time than 

planned. For torrefied pellet to be considered a suitable substitute for coal, it is therefore 

important that similar quantities (or even greater quantities, given the lower energy density) 

could be stored for extensive time periods while remaining stable, both in terms of its 

physical properties and chemically/biologically (for example, no fungal growth or self-

heating). 

While laboratory tests have demonstrated the hydrophobicity of some torrefied pellet, for 

example by demonstrating that pellet integrity is maintained after immersion in water (unlike 

for white (untreated) wood  pellet (WWP)), these tests are not representative of the 

conditions that the torrefied pellet would be subject to in exposed stockpiles. For outdoor 

storage, the pellet must be resistant not only to a single immersion in water, but also to the 

effects of humidity and temperature as well as repeated wet-dry (or, in cooler climates, 

freeze-thaw) cycles. 

The storage tests undertaken for this deliverable were designed to evaluate the overall 

weather resistance of torrefied pellet when stored for extended periods (up to one year). 

Separate tests have been conducted by E.ON (one pellet type, two stockpiles), Vattenfall 

(two pellet types in separate stockpiles) and Topell (one pellet type, two big bags of 1 m3 

volume). While practicality and material availability has necessitated the restriction of the size 

of these stockpiles to a few tonnes each, these tests are still considered more representative 

of medium to large scale storage than laboratory tests previously undertaken.  
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3 E.ON Tests 

3.1 Introduction to E.ON Storage Tests 

In May 2013, approximately 10 tonnes of torrefied spruce pellet, sourced from Andritz via 

Topell were received at a farm near Retford, UK. The farmôs rural location minimised the 

possibility of disruption to the stockpile by outside interference (traffic, public etc.) A 

significant proportion of the UK coal-fired electricity generation fleet (over 10GWe capacity) is 

located within a 65km radius of this site, allowing its climate to be considered ñtypicalò of that 

seen by UK coal plant stockpiles. The pellets were stored undercover in sealed tonne bags 

for around 3 weeks before the stockpiles were constructed. Two piles were set up, with 

different profiles, with regular monitoring, sampling and testing over a period of just over 1 

year (June 2013 to June 2014). Details of this testing are given in section 3.3.1 below. 

Figure 1: Location of test site (yellow star) and nearby coal power stations (red markers). (Contains public 
sector information licensed under the Open Government Licence v1.0 obtained from www.emapsite.com). 

 

3.2 Deviations from the Description of Work document 

In the original description of work document, the E.ON stockpile tests were supposed to 

consist of 10 ton tests of 1-3 different types of torrefied pellets. As only one type of pellet 

(10 tons of torrefied spruce pellet produced by Andritz) was received from the supplier, the 

decision was taken to undertake to set up two tests of this pellet with different pile profiles. 

Around 4 tonnes of pellet were used for each pile (constrained by the size of the mesh cages 

available). 
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3.3 Experimental method 

3.3.1 Set-up 

Due to the free flowing nature of the pellet, it was quickly determined that the sides of the test 

piles would have to be enclosed to contain the material. Metal mesh cages were constructed 

and placed upon pads formed from (unsealed) concrete slabs, with the sides of the cages 

lined with breathable plastic sacking. This set up contained the material whilst still allowing 

rain to flow from the pile. 

 

For each pile, a thermocouple support was created which sited thermocouples at three 

different heights within the centre of each pile and a fourth at the base, approximately half-

way between the centre and the edge (Figure 2). The wires were protected by plastic tubing 

and fed out of the bottom of the pile to the data loggers, which were held in a weatherproof 

box (Figure 3). Data was recorded using YCT 4 channel thermometer data loggers, set to 

type T. This gave a measurement range of -100°C to +400°C with an accuracy of ±0.1% 

reading 0.7°C. To ensure sufficient battery life between sampling visits, external battery 

packs were used. The temperature of each thermocouple was logged once per hour. Pellets 

were carefully poured from above around these thermocouples to ensure they remained 

centrally located. For one pile, the pellets were allowed to flow from the centre to form a peak 

(ñpeak pileò, Figure 4), while for the other pile the top was levelled out at the top of the plastic 

barrier (ñflat pileò, Figure 5). No compression was applied to either pile, although following 

completion of pile building and during the sampling the flat pile the test team did walk on the 

surface; this is not considered to have a significant impact on the pile when compared to the 

mass of pellet used. 

Figure 2: Thermocouple set-up (both piles contained an equivalent set-up) 

T4 
T3 

T2 

T1 
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Figure 3: Thermocouple data loggers in weatherproof box 

 

Figure 4: Completion of peak pile 


































































































































































