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Report on Trials of Farm Grain Driers for Woodchip Moisture Reduction 
 
Background 
 
There is a large amount of timber in the North of Scotland that could be used 
as a fuel for heating of domestic and commercial premises.  Chipping is 
needed so that it can be fed automatically into the boilers.  The value of the 
chips is increased if the moisture is low, as less of the heat released during 
burning is used to evaporate moisture.  The moisture of the timber is lowest 
outwith the growing season so felling before spring will produce timber of 
around 50-60% lower moisture content (around 50-60% compared to up to 
80% for growing timber). The timber will slowly dry if the logs are stacked but 
it could take a year or more to fall by 20 – 30%.  Chipping is best done when 
the timber is around 35% moisture otherwise the stress on the chipper 
increases.  This level of moisture content is also the maximum that many 
wood fuel boilers can take.  Speeding the reduction of moisture down to 35% 
will help with cash flow, and reducing the moisture as far below 35% as 
possible will make the combustion process most efficient. 
 
Timber is mostly produced in rural areas and there are benefits to drying the 
woodchips locally, in reduced transportation costs.  Farms in rural areas are 
equipped with drying equipment that are used for drying grain for 4 – 6 weeks 
each year.  If the same equipment could be used to increase the value of the 
chipped wood as a fuel then it could make wood fuel more available, make 
farm woodlands and other sources of timber more valuable and provide an 
income for the operator of the drier.  This project was designed to evaluate 
two types of farm driers for use with woodchip: a high capacity batch tray drier 
and a continuous flow drier  The other two main types of grain drier: mixed 
flow driers and recirculating driers being ruled out due to either problems with 
flow of woodchips through the drier or potential for fires. 
 
 
Grain Drier 1: High Capacity Batch Tray Drier 
 
Testing Programme 
 
The original testing programme is described in the proposal contained in 
Appendix 1.  During the setting up and running of the trials alterations to this 
were required.  These can be summarised as: 

• The weather was unusually wet prior to the trials starting so the surface 
of the timber was wetted before chipping.  There was also very heavy 
rain at many times during the chipping and drying.  As the drying trays 
had no roof it was necessary to conduct the trials as rapidly as 
possible.  The option of drying for a long period at greatly reduced 
airflow and temperature was considered impractical, as it would expose 
the chips to more rain.  

• The TDR moisture meter was found not to be reliably operational and 
the Theta probe used proved to be of limited use in determining the 
moisture content of the chips.  The moisture content of the woodchips 
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was found out following the trials completion, not whilst the trials were 
in progress.  This made it difficult to judge progress of the trial. 

 
The final programme comprised three trials: an initial trial using full heat and 
maximum airflow (Trial 1), a short trial using reduced airflow and lower 
temperature (Trial 2), a medium length trial using reduced temperature and 
airflow (Trial 3). 
 
Description of equipment and methods  
 
Grain Drier 
 
Dryer 1  (Figure 1), a high capacity batch tray grain dryer, located at 
Moraystone Farm, Inverness is similar to many grain dryers in the North East 
of Scotland (but without a roof).  Fundamentally it is a perforated mesh floor 
that allows air to pass up through the grain, at relatively high speed and 
temperature, causing the moisture content to fall.  A typical dryer (Figure 2) of 
this type would be able to dry a batch of 20 – 25 tonnes of grain at a speed of 
around 1 % moisture content reduction per hour.   
 

 
Figure 1: Drying mesh used for these 
trials 

Figure 2: A typical batch tray grain drier 

 
 
For grain this means that a batch would take under 8 hours to dry, including 
one hour for ventilated cooling.   [At this speed woodchips starting at 35 % 
moisture would take around 20 hours to be reduced to 15%].  The depth of 
grain on the mesh would be around 0.75 m and the airflow rate would be 0.5 
m3/s.tonne, requiring a fan of high volume and pressure capabilities.  The 
drying air would be heated to around 45 °C by a direct-firing oil burner, 
controlled by a temperature sensor located in the main air duct.  The warm air 
passing through the grain dries the grain immediately above the mesh first, 
then progressively towards the surface.  The end result is that, on average the 
grain is dry but there will be a range of moisture, low at the base of the grain 
and high at the surface.  It has been found though that by mixing the grain in 
store this differential tends to even out and, if drying has been done correctly, 
the resultant mixture will have a moisture content of 14.5%.  The drying trays 
are usually provided in pairs as, when one tray is drying, the other can be 
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unloaded and reloaded.  In some situations both trays can be dried together 
but at a slower rate. 
 
The front edge of the dryer sometimes has a door to contain the grain but 
most often the grain slopes from maximum depth at the edge of the mesh to 
floor level a short distance in front of the tray.  This reduces air leakage out of 
the front face and the less well-dried grain at the front may be shovelled 
backwards when drying is nearly complete. 
 
The drier used (Figure 1) comprised two bays with perforated mesh 
measuring 9.7 m x 4.9 m.  High walls (2 m) around the trays allow a greater 
depth of woodchips than would be possible on a standard drier with 1.2 m 
high walls.  The woodchips were loaded with as even a depth as possible 
using a loading bucket.  Final levelling was done manually using a shovel.  
One random bucket full of chips was weighed before and after drying, to 
assess the bulk density and the moisture loss. 
 
The drying air was provided by an old PU4 Cyclone fan made by Mathews 
and Yates in 1966.  It was belt driven by a 50 hp electric motor.  The air from 
the fan entered the main air duct and was directed to the right hand tray by a 
movable metal flap.  Air pressure pushes the flap closed and prevents air 
passing to the other tray.   The air then passes into the main air duct and from 
there into the space below the perforated mesh.  The air is forced through the 
mesh and up through the woodchips.  Heat is added to the drying air by a 
kerosene burner.  This has two oil-burning jets:  the first stage jet operates 
continuously and the secondary jet trips in as required to keep the air 
temperature at the temperature set by the burner control.  This drier normally 
operates at around 60 º C but can be turned down to the conventional level.  
The air temperature is sensed by a sensor located in the main air duct.   
 
 The woodchips closest to the mesh are dried first.  The energy in the drying 
air provides the latent heat of vaporisation, which evaporates the moisture 
from these chips.  Evaporation of moisture keeps the air temperature down 
until the chips are dry when their temperature will increase and the next layer 
of chips will be dried.  This progressive drying has been described as a 
“drying front” passing up through the bed of material being dried.  In this way 
the chips will be progressively dried from base to surface.  The speed of 
drying is determined largely by the air temperature and the airflow rate.  The 
airflow rate is reduced by the airflow resistance provided by the material being 
dried.  For grain this is normally around 4” water gauge pressure (1000 N/m2).  
Woodchips are known to provide less airflow resistance but it will still increase 
as the depth increases.  It is unlikely that airflow resistance will be a factor that 
limits drying depth.   
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Instrumentation 
 
The instrumentation of the trials was largely as described in the project 
description (Appendix A).  Further details and modifications of the protocol 
required once the trials were underway are provided below. 
 
During the trials a data logger made by Campbell Scientific was used to 
monitor the temperature of external (ambient) air, the temperature of the air 
entering the tray (three positions in the main air duct), two positions at the 
base of the woodchips, two positions near the surface of the woodchips and 
also relative humidity of the ambient air and the air exiting the woodchips.  
The data logger monitored each sensor every 20 seconds and these values 
were averaged before being recorded every 5, 10 or 30 minutes (depending 
on the storage period required.  The data was transferred from the logger to a 
laptop annotated graphs were produced. 
 
The temperature sensors in the woodchips were located 1 m from the main air 
duct and 1.5 m from the opposite (far) end of the mesh.  The sensors near the 
base were approximately 0.25 m above the mesh and the sensors nominally 
at the surface were a similar distance below the surface. 
 
Ambient and exhaust humidity was measured using an aspirated hygrometer.  
The exhaust air unit was positioned on the surface of the woodchips.  The 
intake was from above so some mixing with ambient air was possible. 
 
The airflow rate entering the fan was measured using a VelociCal hot-wire 
anemometer.  The air exiting the woodchips was measured using one of two 
floating vane anemometer, one measuring low airflows, the other modified to 
cope with the airflow rates normally used in tray driers.  The airflow into the 
fan was measured at the end of trial 1 to be 13.7 m3/s.  This compared to a 
flow measured exiting the woodchips of 11.0 m3/s.  Due to the difficulties of 
accurate measurement it is common for there to be some differences between 
the amount of air exiting the drying bed and that entering the fan.  In this case 
it was thought that a proportion of the air was escaping from the main air duct 
from cracks in the blockwork (Figure 3 and Figure 4).   These would normally 
be sealed before the grain drying season.  The fan rotation speed was 
measured using a mechanical rotational speed meter and found to be 1050 
rpm.  This fan should operate at 1440 rpm, according to the manufacturer’s 
information.  As the fan is old care would be needed but if the speed were 
increased to match the motor the amount of air outputted would increase 
considerably.  For woodchips this may not be needed. 
 
The bulk density of the woodchips was approximated using the bucket of the 
loading shovel, weighed on the weighbridge.  This was considered more 
accurate than a smaller bucket and a spring balance.  The loading shovel was 
estimated to have a volume of 4 m3. 
 
The air pressure was monitored using a pitot tube inserted into the main air 
duct.  This was connected to a manometer to give the water gauge pressure.  
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A second pitot tube was fixed to a long probe so that the pressure of the chips 
alone could be monitored in Trial 2. 

 
Figure 3: Crack in main air duct 
allowed air to escape (crack width 
shown as being the width of a pen) 

Figure 4: Gap between floor and main 
air duct wall found to be the height of 
two ballpoint pens, 15 mm. 

Pen 

2 Pens 

 
 
The moisture content of the chips was the most difficult factor to assess.  The 
TDR meter was found not to be as useful as originally thought and the Theta 
probe gave variable output.  This was thought to be due to insufficient contact 
being achieved between the pins of the probe and the woodchips.  Samples 
were taken before, during and after each of the trials.  A total of 48 were sent 
to the laboratory for oven testing.  The testing procedure followed the protocol 
described in the standard entitled: Solid Biofuels – Methods for determination 
of moisture content – oven dry method, published by BSi.  The results were 
reported as moisture content on a wet basis (moisture content as a proportion 
of the wet weight).  The standard suggests that the sample bags should also 
be dried (at a lower temperature) so that the moisture on these can be added 
to that in the woodchips.  On the wetter samples there was clearly some 
condensation on the bags so all these were dried.  Although all 48 bags were 
tested the bag moisture added less than 0.1% to the mass of moisture so was 
considered insignificant. 
 
The fuel usage was monitored by a mechanical fuel meter and read manually 
at periodic intervals. 
 
The power used was read from the main electricity meter fitted for the drier.  
This allows the drier to use the crop-drying tariff, which is lower than the 
standard rate.  
 
A standard rain gauge was sited adjacent to the drier’s fan house at a 
distance of 5 m from it and adjacent trees.   
 
Setting up procedure 
 
A lorry load of Larch and Lodge pole pine was delivered to site.  The intention 
was for this to be relatively wet, but not fresh cut.  The delivered timber 
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(Figure 5) had actually been felled 3 years previously but due to recent rain 
was wet, especially on the exposed surfaces.  Measurements of the logs 
using a moisture meter indicated that the moisture ranged from 19 to 70 %.   
 

 
Figure 5: First load of timber arrives 
 

 
Figure 6: Chipping of timber 

The logs were chipped (Figure 6) using a tractor-mounted chipper, a Lindana 
Type 230 NR 9403.  It was powered by and Valtra 75 hp tractor.  The chipper 
was supplied and operated by the Scottish School of Forestry.  The chipper 
was set to cut a 10 mm thick chip.  This is the middle setting as either 8, 10 or 
12 mm cut depth is possible.  The chipper was able to cope with logs up to 
150 mm diameter.  In some of the loads the timber was of greater diameter so 
these either had to be sawn lengthwise, or were not chipped. 
 
The chipping process was relatively time consuming and labour intensive.  As 
each log had to be manually fed into the machine it took about at least one-
man day per load, plus extra time for oversized logs. 
 
Loading the drier was done using a bucket loader.  The time required to load 
and level the try was around 1 hr.  The time to unload was about 45 mins. 
 
Trial 1: 
 
The first trial started on 9 July 2007, at 14:17.  This trial was intended to dry 
the woodchips at the settings normally used when the drier dries grain.  The 
air temperature was found to be around 60 ºC and the airflow was measured 
to be 11 m3/s, when the chips were dry.  The air pressure stayed almost 
constant at 256 – 276 N/m2.  The weight of a bucket full of chips (Figure 7) at 
the start was 1.14 tonnes and this reduced to 0.64 tonnes.  With a bucket 
volume of 4 m3 the density of the chips was 285 kg/m3, reducing to 160 kg/m3.  
The depth that the woodchips were loaded onto the tray was approximately 
1.25 m, and this reduced to about 1.2 m after drying.  The burner  (Figure 8 
and Figure 9) operated on automatic control, set at about 60 ºC, until 11:35 
the next morning when the chips were seen to be dry on the surface.  The 
burner was then turned down to 40 ºC for 1hr 40 mins before switching the 
burner off.  The fan then cooled the woodchips until 16:00. 
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Figure 7: Weighing a bucket load of 
chips 

Figure 8: Drying fan (blue) with burner 
chamber to left 

 
 
From starting to chip the timber for this trial until the trial started 25.2 mm of 
rain fell.  During this trial a further 1.58 mm of rainfall was recorded. 
 
Trial 2: 
 
This trial was intended to use less fuel and power compared to Trial 1.  The 
duration of drying was kept to a minimum to prevent moisture increases from 
rainfall.  The airflow was reduced by half to 6.15 m3/s by placing a steel plate 
over the fan inlet (Figure 10), and the temperature of the airflow was turned 
down to minimum.  The intention was to dry the base of the woodchips, to 
allow the chips to rest overnight and then to cool the bed again in the morning.   
By this means the average moisture content was expected to fall, with 
minimum use of fuel. 
 

  
Figure 9: Looking through burner 
chamber to fan inlet 

Figure 10: Fan inlet partially blocked 
with a steel sheet 
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Drying started at 13:49 on 11 July and the burner was turned off at 20:00.  
Cooling continued until 21:00. 
 
The duct air pressure during this trial was 225 to 213 N/m2.  The pressure 
drop caused by the woodchips was recorded as 170 N/m2.  This means that 
the air resistance was 130 N/m2 per metre. The woodchips therefore 
accounted for 80% of the total airflow resistance. 
 
There was no rainfall during this trial. 
 
Trial 3: 
 
The plan for this trial was to repeat Trial 2, allowing a longer period of drying 
prior to allowing the chips to “rest”.  The chips were loaded on 13 July but as 
time was too short prior to the weekend this was postponed until the 16th July.  
Drying started (Figure 11) at 08:30 on the 16th and the intention was to dry at 
the reduced airflow rate of Trial 2, and minimum temperature until 19:30 (11 
hrs), the cool for 1.5 hrs.  Some problems were experienced with the fuel feed 
pipe to the burner meaning that the temperature was lower than expected for 
the first few hours of the trial.  The drying air temperature was then elevated to 
60 ºC for a period of 1 hr to compensate for the lower initial temperatures. 
 
The rainfall from the time that the wood was chipped and loaded onto the tray, 
until the trial started amounted to 37.1 mm.  There was a further 3.55 mm 
during the trial. 
 

 

 

Figure 11: Rain wetted chips being dried 
(Trial 3) 
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Results 
 
The angle of repose of the woodchips was measured at the end of the tray 
and found to be 37º, which is greater than cereal grains, which will assume a 
maximum slope of 28 – 30º. 
 
Trial 1  
 
The variation of all sensors during Trial 1 is shown in Figure 21.  This is 
clarified in Figure 22 and Figure 23.  Figure 21 and Figure 22 show the 
temperatures within the bulk of the woodchips rising to close to the inlet air 
temperature, as measured by the sensor located on the duct wall.  The 
woodchips at the base are seen to rise in temperature after a period of about 
3 hours, the woodchips at 250 mm below the surface had a similar rise in 
temperature 12 - 17 hours later.  Figure 21 shows the average temperatures 
of the inlet air, the base and the surface.  The temperature of the lower layers 
of woodchips is seen to rise after the cooling fan has switched off.  This is 
caused by heat from the concrete in the drier warming the air, which convects 
through the chips. It is seen to decrease gradually.  When the cooling fan 
starts the remaining heat is quickly dissipated. 
 
The relative humidity of the air is seen to fall (Figure 23) when the drying front 
reaches the surface of the chips.  This indicates that woodchip moisture 
content is low.  At this time the temperature of the air above the surface was 
felt to be hot and the woodchips were springy and allowed the feet to sink in 
further. 
 
The amount of kerosene used was measured to be 1512 litres and the power 
used was 1072 kWh.   
 
The wet weight of timber delivered for this trial was 20.960 tonnes.  All of this 
was chipped and loaded onto the tray to an average depth of 1.25 m.  The 
front edge sloped down at an angle of 36º.  This gave an average bulk density 
of 326 kg/m3 and a total dry matter weight of 14.2 tonnes, base on a starting 
moisture content of 34%.  The depth reduced little during drying; final depth 
was about 1.2 m.  The dry matter remained the same and the moisture 
content reduced to 7.5 % so the final wet weight was 15.3 tonnes.  This gives 
an average bulk density of 248 kg/m3

 
The moisture content at the start of this trial was 34% and the main bed of 
woodchips dried to 7 – 8%.  The front edge of the tray stayed at around 27%, 
but excluding this the drying speed was 1.2% moisture content removed per 
hour. 
 
At the recorded moisture contents the energy content of the woodchips before 
drying was 15.7 MJ/ kgdry.  The energy content of the dried woodchip was 
16.8 MJ/kgdry.  This means that the increase in energy from the drying process 
was 1.1 MJ/kgdry.  The total energy increase due to drying was therefore 14 
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520 MJ = 4033 kWh.  Assuming that each litre of kerosene contains 40 MJ the 
total energy used for drying was 61 552 MJ = 17 097 kWh.  Therefore in this 
trial the energy used to dry the woodchips was about four times the resultant 
increase in energy content of chips, if used as a fuel. 
 
This drying trial could have been stopped after 18 hours saving 20% fuel and 
25% power.   
 
At a fuel cost of 32 p/litre and an electricity cost of 6.5 p/kWh the cost of 
drying was calculated to be £553.  This means that the cost was £36 per wet 
tonne,  £39 per tonne dry matter, and £1.47 per dry tonne per % moisture 
removed. 
 
Trial 2 
 
The moisture content of the chips at loading was 30% (Figure 12). 
 

 
 
Figure 12: Tray loaded with chips (Trial 2) 
 
 
 
From the graph in Figure 24 the temperature of the inlet air was around 45 ºC, 
similar to that often used to dry grain.  The burner was operated for just over 6 
hrs.  At this time the surface moisture content had not changed from the start, 
as the drying front had not reached the surface.  The temperature of the chips 
was seen to have risen to the temperature of the drying air.  The moisture 
content had only reduced by about 2% at the base and mid levels.  The 
moisture content at the surface, at the end of the trial was 29% and that at the 
base and mid levels 27%. Again the chips close to the drying mesh were 
warmed by the heat within the structure but this had no effect on the 
temperatures above.  Figure 25 shows that the relative humidity of the air 
exiting the woodchips was raised during drying and cooling but returned to 
ambient levels when the fan was not operating. 
 
The amount of kerosene used was measured to be 142 litres and the power 
used was 242 kWh.   
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The weight of the logs delivered for this trial was 19.200 tonnes.  Although the 
bigger logs had to be cut lengthwise all the timber was chipped and loaded 
onto the tray.  This gave a depth of 1.3 m. 
 
This trial was too short to achieve a useful reduction in the moisture content of 
the woodchips.  
 
Trial 3 
 
The malfunction of the fuel feed to the burner is seen on Figure 26 to restrict 
the drying air temperature to near 30 ºC for the first 6 hours of the drying 
period.  The short period at 45 ºC was intended to compensate but this time 
was clearly too short to be of much use.  The remaining drying was done at 40 
ºC. 
The moisture content of the chips during loading was 33%.  The rainfall over 
the weekend increased the moisture content of the surface to 38%.  The 
moisture content at the surface remained at this level to the end of the trial.  
The moisture content of the base was 19% at the end.  Samples taken from 
the chips once they had been moved into the store were found to be 21%. 
 
The weight of the logs delivered for this trial was 21.380 tonnes.  An unknown 
tonnage of logs could not be chipped as they were too large but as the depth 
of the chips on the tray was 1.1 m, the wet tonnage has been estimated at 19 
tonnes.  This represents 11.78 tdrymatter

. 

 
The amount of electricity used was 330 kWh and the amount of fuel used was 
341 litres.  
 
As the start moisture content was 33% (surface 38% due to rain) and this was 
reduced to an average of 26% then the energy used, 4023 kWh, produced an 
increase of 1248 kWh, a ratio of about 3:1 – three times as much energy used 
as would be gained during combustion.   
 
Discussion 
 
These trials confirm that woodchips can be dried on this type of farm grain 
drier.  The fans are normally able to handle a maximum of 1500 N/m2 air 
pressure, which would translate to an exceedingly deep bed of woodchips. 
The airflow resistance is not therefore a limiting factor, the fan being oversized 
for this task, and the limit on depth will be the wall height.  As there is no 
containment at the front of the tray increasing the depth to over 2 m would 
leave a significant volume undried.   
 
Reducing the size of the fan would reduce the power used and therefore the 
cost but this may not be an easy option in existing driers.  Replacing the 
pulley wheel on the fan with one of larger diameter, and that on the fan with 
one of smaller diameter will slow down the fan and save power.  This would 
be an alternative to blanking off the air inlet which also saved power (Trial 1 
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used 38 kWh/hr and Trials 2 & 3  24kWh/hr).  Speed-controlling the motor 
would be the most energy efficient option. 
 
The lack of immediate feedback on the moisture content throughout the drying 
chips made it difficult to predict the time needed to reduce the average 
moisture content to the desired level.  Sampling of the chips during unloading 
was also more difficult than expected as the wetter, surface chips flowed 
down the base when the bucket was removed.  This may have caused some 
over-estimate of the reported moisture content for the base samples in trial 1 
& 2.  For trial three the samples were taken from beneath the bucket, with the 
bucket elevated but in place.  This was a more reliable method of sampling 
the base material.  In retrospect a moisture sensing probe should have been 
used for these trials and is recommended for any further testing work. 
 
Much of the moisture removed was surface moisture from logs or chips wetted 
by the rain.  Less seasoned chips may take longer to dry. 
 
The option of turning the woodchips was found to be impractical as the time 
and effort involved (at least 2 man hours) would be difficult to justify. 
 
Although not possible on this particular drier, in many similar units both trays 
can be dried at one time.  This would better utilise the fan and burner and 
double the quantity dried in one batch.  Also, as most tray driers have a roof 
drying period could be extended without exposing the chips to rain.  
 
The bulk density of the woodchips was confirmed as being low and, as the 
chip volume changed little when the moisture was removed the density 
reduced during drying.  The random bucket weights indicate that the moisture 
content for Trial 1 dropped by 44% and for Trial 3 17%.  Whilst this would 
concur with the measurements for Trial 3, if correct, it would imply that Trial 1 
was dried further than the samples would indicate and that the starting 
moisture content was higher than 34%.  The other possibility is that the very 
dry chips at the end of the first trial, when removed from the tray were more 
bulky and so less dry matter was contained in the bucket. 
 
The value of reduced moisture content 
 
Drying woodchips will reduce the quantity of moisture that must be evaporated 
during combustion.  This will increase the heat produced by the boiler and so 
less woodchip will be required for the same heat output.   
Additional benefits of drying are that there will be less moisture in the exhaust 
gas, which can cause problems to some systems.  The weight of moisture will 
increase the cost of transportation and the presence of moisture will allow 
fungal spores and bacteria to develop that will eventually cause the 
woodchips to decompose.  In the shorter term fungal spores from moulds on 
the chips may pose a health hazard if they are inhaled during handling.  
Drying would reduce the risk of adverse health effects from handling mouldy 
woodchips. 
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Drying woodchips made from recently felled timber will allow them to be sold 
sooner providing an income to cover the cost of felling. 
 
In these trials the cost of drying was found to be £1 - £1.5/tonne/%, meaning 
that woodchips reduced from 50% to 30% would cost £14 - £21/wet tonne or  
£20 - £30/tonne of dry matter.  As there was some over-drying of Trial 1, and 
the drier had some leakage, then a cost of £1 per tonne or less may be 
possible. 
 
Can the drying process be made more worthwhile? 
 
Rate of drying is determined by the speed of the drying front so increasing the 
depth of the woodchips may not improve drying rate much but this could still 
be worthwhile as it would mean a larger batch can be dried in one batch.  
Using both trays will double the batch size but this is unlikely to double the 
drying time, so the drying efficiency and cost will reduce. 
 
Reducing the temperature of the drying air will mean that the drying time will 
be extended.  As total fan power costs 15 – 20% of the total fuel cost 
excessively extending the drying time will increase the total drying cost.   
 
This type of drier can only work by drying small batches relatively fast.  
Slowing down the drying rate by restricting airflow and temperatures to that 
used in storage grain driers would extend the time it takes to dry a batch so 
much that the process would not be commercial (it may make sense for a 
farmer to dry a small amount of fuel for his own use). 
 
To be more efficient the fuel cost must be reduced.  The option of using a 
wood fuel burner is attractive for the reason that it could be fuelled by the 
woodchips that it is drying.  To provide the amount of heat added to the air in 
Trial 3 a woodchip boiler will cost over £60 000.  Grants may be available to 
reduce this and the system could also be used to reduce the cost of drying 
grain.  However it is clear that the system would need to dry a very large 
tonnage of woodchip to justify the set-up costs. 
 
These trials were discrete trials with the drier being warmed from ambient for 
each batch.  The fuel used would reduced further if the drier was kept warm 
between batches.  To do this the chips would need to be unloaded whilst hot 
and cooled when in storage using a low-volume ventilation system.  This 
comprises a series of horizontal of vertical pipes that allow air to be blown 
through the material to reduce its temperature. 
  
Conclusions to Trials 
 

• The trials showed that woodchips can be dried on a batch tray grain 
drier and provided useful data on the speed of drying, (1.2 % moisture 
removal per hour or more), density of the woodchip, airflow resistance 
and energy used to reduce the moisture levels. 
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• The amount of fuel used to dry the chips was 3 – 4 times the increase 
in energy of the chips by the end of drying.   

 
• The fuel and power cost was calculated to be £1 - £1.5 per tonne per 

%, but this could possibly be brought below £1. 
 

• Other justifications for drying chips are: to reduce problems of 
condensate in flue gases, to reduce the time between felling and sale 
as a fuel, to reduce the transport cost, to produce a more stable end 
product, and to reduce the amount of moulding with its consequent 
respiratory health hazards. 

 
• Unloading the woodchips hot with cooling in storage would reduce the 

energy needed to heat up the drier between batches so making the 
process more efficient. 

• An alternative fuel source (such as woodchip or waste grain) may be 
cheaper but the installation cost of the burner would require very large 
throughputs to justify. 
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Drier 2: Continuous Flow Grain Drier 
 
This section considers the use of a continuous flow grain drier for use as a 
woodchip drier.  Continuous flow driers are used on farms and in merchants 
for drying grain throughout the country.  They are particularly suited to larger 
quantities of grain as they are usually automated, avoiding any handling of 
grain using a shovel (manual or mechanised).  The units are more complex 
involving a number of motors, fans, elevators, conveyors and other moving 
parts.  This makes the installations more expensive requiring larger 
throughputs to financially justify them.   
 
Description of continuous flow grain driers 
 
These driers continuously dry grain as it flows through the drier.  Heated air is 
blown through the grain as it passes, removing moisture at a relatively high 
speed.  The depth of material that the air has to pass through is relatively 
small giving an even reduction in moisture content.  Once dried the grain then 
flows on to a cooling section in which a second airflow of cold air reduces the 
temperature of the grain to a level which will allow it to be stored safely. 
 
Mixed flow 
 
There are two main types of continuous flow grain drier.  The first is a vertical 
flow system where the grain passes up an elevator to the intake point at high 
level.  The grain then flows downwards through the drier whilst air is blown 
through it. The direction that the air passes through can be either in the same 
direction as the grain flow, against the flow of grain, or perpendicular to the 
flow of grain.  The most efficient driers use a combination of all these 
directions and are termed mixed flow.  An example of a mixed flow drier is 
shown in  
Figure 13.   
 
Grain that is to germinate (seed grains or those used in the malting or brewing 
industries) must not be exposed to high temperatures as this affects their 
germination performance.  The grain temperature must be kept below a 
maximum of about 65 ºC, depending on the moisture content.  To ensure that 
this temperature is not exceeded air temperatures in driers are normally kept 
considerably below this, although some continuous flow driers, particularly 
mixed flow driers, use a higher temperature of air for wet grain where most of 
the evaporation is needed.  By the time the air meets the dry grain its 
temperature is lower so no damage is caused. 
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Figure 13: Schematic diagram of a vertical flow drier (Law Denis) 
 
The air enters past the oil burner (1) into the insulated burner chamber.  The air then 
flows past (7) and (6) into the air distribution ducts (11) before being exhausted via 
(16, 18 and 21).  The grain is loaded, wet, into the drier at (9) and passes down 
through the drying ducts until it is level with (4).  Thereafter the grain is cooled and 
discharged out of the hopper outlet (13). 
 
The use of this type of drier for woodchip is limited as the woodchip is likely to 
bridge and block the passageways within the drier. 
 
Conveyor Driers 
 
The other type of continuous drier a conveyor mechanism to move the grain 
through the drier whilst it is being dried.  The simplest examples function in a 
similar manner to a tray drier with the grain being moved from one end of the 
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mesh to the other.  The bed depth is usually considerably less than a tray 
drier giving even drying but the drier efficiency is low.  This is because a 
proportion of the air passes through the grain without utilising all its moisture 
holding capacity.  To improve on this some of these driers make the grain fall 
from one conveyor belt to another before passing back through the drier.  This 
has two benefits: it mixes the grain and it reduces the length of the drier whilst 
maximising the distance that the grain travels along the conveyor belts.  Using 
this “double flow” principle the drier dries the grain faster and with more 
efficient use of fuel.  A diagram of a double flow drier is shown in Figure 28. 
 
To evaluate whether continuous flow driers will be useful for drying woodchips 
it is necessary to consider the following: 
 

1. Can the chips be loaded into the drier? 
2. Will the chips flow through the drier? 
3. Can the drier cope with additional depth, airflow requirements and very 

high moisture extraction volumes? 
4. Can the woodchips be conveyed to storage after drying? 
5. Other considerations 

 
 
An example of a typical double flow drier was available adjacent to the tray 
drier used in the previous section.  This drier will be used in consideration of 
the issues mentioned above. 
 
Normal operation for a double flow drier 
 
The grain is loaded into a hopper (Figure 14,Figure 15) it flows down to the 
base of a vertical conveyor, which is a series of buckets attached to a 
continuous belt.  The buckets lift the grain to the top of the drier where it falls 
into the drier’s intake hopper and is spread sideways with an auger.  The grain 
flows from the drier’s intake hopper (Figure 16) onto the perforated mesh 
(Figure 17).  The depth of the grain being set by the operator depending on 
the crop and the moisture content.  The grain is moved down the top section 
of perforated floor by the conveyor whilst hot air is being blown through.  At 
the end of the drier the grain falls off the top mesh, onto the bottom layer of 
mesh and is pushed down this sloping mesh to the discharge point.  From 
here it is moved using an auger, to the base of a second elevator that carries 
it to a sufficient height that it can either flow into a conveyor and be 
transported to storage, or to a holding hopper for discharge into lorries (Figure 
18). 
 
The hot drying air is provided by an oil burner and blown through the grain 
using a fan (Figure 19). 
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Figure 14: Rear side of the continuous 
flow drier showing the cooling fan and 
the loading elevator 
 

Figure 15: Front end of continuous 
flow drier, protected from weather by a 
sheet. 

Figure 16: Discharge point of intake 
hopper 

Figure 17: Moving, perforated floors 
which carry grain from top to bottom 
through dryer 
 

Figure 18: Discharge hopper seen 
next to dryer 

Figure 19: Drying fan and motor 

Hopper 

Overflow 

Drier’s 
Hopper 
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Loading of woodchips 
 
The description above of the normal operation of this type of drier frequently 
refers to the grain “flowing”.  As the flow characteristics of woodchips are very 
different to grain the drier, as it stands, would not be able to handle 
woodchips.  The loading procedure would require the woodchips to flow out of 
the holding hopper, which they would not do without bridging.  An auger would 
be needed to prevent obstructions.  Similarly a grain elevator may not be able 
to handle the variety of sizes and shapes that occur in woodchips and the 
buckets may not fill efficiently.  Once the chips were elevated to the intake 
hopper an agitator would be needed, not only to spread the chips but also to 
ensure that they moved down onto the mesh without blockages. 
 
Whilst it would be possible to re-design the loading arrangements so that they 
could cope with chips, for example by using a belt elevator or auguring the 
material directly from a hopper to the top of the drier, another approach is 
possible.  This involves extending the drier and providing a conveyor belt to 
take the chips directly from the hopper to the drier.  In this way the drier can 
be loaded with a loading shovel with other loading requirements done 
automatically.  An example of this arrangement is shown in Figure 20. 
 

 
Figure 20: Woodchip drier manufactured by Alvan Blanch showing automated 
feed hopper. 
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Rotating agitators are used to ensure that the surface is levelled and to 
encourage flow at places where the chips have to fall. 
 
Will the chips flow through the drier? 
 
Once the woodchips are sitting on the perforated mesh they will be dried by 
the air flowing through.  The conveyor will move the chips down the mesh, as 
grain.  Although the angle of repose is steeper for chips than grain it should 
still flow off the end of the mesh and onto the mesh below.  To improve this an 
agitator may be needed for some materials.  This would also improve mixing 
so reducing drying time.  The conveyors are chain-driven and as woodchips 
are more difficult to drag these may need to be upgraded to prevent 
breakages.  The slat width may also need to be increased to help the chips 
flow through. 
 
Can the drier cope with additional depth, airflow requirements and very 
high moisture extraction volumes? 
 
As the woodchips have a lower airflow resistance the depth could be 
increased.  The maximum depth is limited by the space above the mesh as 
shown in Figure 17.  Space will be needed for clear air passage once it comes 
out of the chips, any restriction here will lead to uneven and reduced drying 
speed.  It is important that the moisture holding capacity of the drying air is 
fully utilised and this may not be the case if the chips have insufficient depth to 
saturate all the drying air.  If this were to occur then the flow rate from the fan 
would need to be reduced otherwise fuel would be wasted.  It is likely that the 
airflow rates provided by the conventional fan will be adequate for drying 
woodchips. 
 
The amount of moisture that may have to be removed from woodchips could 
be in the range 20 – 50 %.  This compared to grain where moisture removal is 
5 – 10%.  The amount of water that must be evaporated from woodchips will 
amount to 200 – 500 litres per tonne.  This will all have to be removed as 
steam.  The energy required to evaporate water is 2.5 MJ/kg so a minimum of 
500 – 1250 MJ will be needed to remove the water.  This would amount to 
17– 42 litres of kerosene per tonne (assuming 70% efficiency), excluding the 
energy needed to warm up the drier and woodchips.  Evaporation of this 
quantity of moisture will take time so the flow through the drier will have to be 
slowed to a speed that would be unusual for grain.  An alternative drive 
mechanism may be needed to gain sufficient speed reduction. 
 
Can the woodchips be conveyed to storage after drying? 
 
Again, an agitator at the discharge and a positive means of conveying the 
chips from the drier will be needed to ensure a consistent flow from the drier 
to the storage hopper.  An example of this is a curved auger as shown in 
Figure 20 
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Other considerations 
 
Dust released from the woodchips will be combustible and, in sufficient 
concentration will be explosive.  Whilst explosion would be very unlikely driers 
do often catch fire.  As the woodchips will be dusty and as they will be in the 
drier for a prolonged period a system may be required to put out any fire that 
starts.  Sensors that can detect fire and trigger a series of water sprays would 
be one way of protecting the drier.  As these are not used on grain driers they 
would have to be added during the conversion of the drier to take woodchip. 
 
The main value of using a farm grain drier to dry woodchips is that the system 
exists already.  This means that the capital cost of the drier would be confined 
to altering the drier as required – not purchasing a dedicated unit.  The 
alterations may however cost more than a replacement modified/re-
conditioned drier. 
 
The speed of drying using the bespoke range available from Alvan Blanch 
ranges from 800 – 3710 kg moisture per hour.  So these driers could remove 
20% moisture from 4 to 18 tonnes per hour. 
 
Summary 
 
This type of drier may be suitable for drying woodchips although some 
modifications will be needed to convert an existing grain drier.  These include: 
 

• Modifications to the feed arrangements 
• Replacing the intake hopper to reduce blockages 
• Fitting rotating agitators to level the crop and to help the flow when the 

chips fall onto the lower mesh 
• Installing a positive mechanism for removing the chips. 

 
This can all be done either by the manufacturer or by a competent farm 
mechanic/farmer.  The cost of the alterations by the manufacturer may 
amount to a level where a replacement drier would be a more cost effective 
option. 
 
Overall Conclusion 
 
Farm grain driers could be used to dry woodchips but the chips contain a 
large amount of moisture so the fuel and power cost will be high.  If the sale 
price for dried woodchips is high enough then this cost may justify 
modifications to an existing continuous drier or use of a batch tray drier. 
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Figure 21: Temperature records for Trial 1 
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Figure 22: Average temperatures and fuel use for Trial 1 
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Figure 23: Ambient air temperature and humidity, and humidity of air exiting woodchips during Trial 1 

Report on Trials of Farm Grain Driers for Woodchip Moisture Reduction.doc                                       R E McGovern 
       06/08/2007 

25 of 36 
   



© SAC 

0

10

20

30

40

50

12:20 14:20 16:20 18:20 20:20 22:20 00:20 02:20 04:20 06:20 08:20 10:20

Time

Te
m

pe
ra

tu
re

s 
(C

)

0

20

40

60

80

100

120

140

160
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00

Fu
el

 U
sa

ge
 (l

itr
es

)

Ave, Inlet Ave, Base Ave, Surface "Fuel Use"Elapsed 

Fan switches 
off

Cooling period 
of 1 hr

Temperature 
rises from 
residual heat in 
concrete

Chips at base 
warned by heat 
from structure

2 hrs cooling 
reduces 
temperature 

Burner 
switches off

 
Figure 24: Average temperatures and fuel use for Trial 2 
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Figure 25: Ambient air temperature and humidity, and humidity of air exiting woodchips during Trial 1 
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Figure 26: Temperature records for Trial 3 
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Figure 27: Average temperatures and fuel use for Trial 3 
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Figure 28: Construction and airflows in an Alvan Blanch Continuous Flow Drier 
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Testing of Grain Dryer for Drying Woodchips 
 
Introduction 
 
The recent increase in interest for renewable fuels as a way of reducing carbon 
emissions has led to renewed consideration of wood as a fuel.  Many systems have 
now been set-up and are operating successfully.  There is a large amount of timber 
available for wood fuel in Scotland from thinnings, farm woodlands and potentially 
from coppicing.  The problem with these sources is that the chipped wood is of high 
moisture content (35 – 50%) which greatly reduces the calorific value of the wood, as 
the water must be evaporated off the chips before they will burn.  Air-drying the wood 
as much as possible before chipping will reduce the moisture content to around 35% 
but for use in most small-medium scale wood-burning systems the moisture content 
requirement is lower and an active drying system will therefore be required.  Such a 
system could be a large purpose-built drying floor, which blows air through the chips 
until they are dry, or a dedicated system that moves the chips while it dries them.  
These systems are designed for large scale and will be relatively expensive.  The 
value of the woodchips is not high so a drying system that is low cost, and uses as 
little energy as possible is most likely to be economic.  Benefits from chips of lower 
moisture content include: 
 

• More energy produced when burning 
• Less condensation in the burner 
• Lower transportation cost as 20% less weight 
• More stable product that has fewer mould spores 
• Less energy needed to further dry chips, if used for wood pellets 

 
Many farms use large scale dryers for drying grain, and it is possible that the same 
systems could be suitable for drying woodchip, which could therefore provide an 
additional income stream for the owners of the dryer. Utilising a dryer that exists 
anyway, and is not used for 10 – 11 months each year, is a way of avoiding the 
capital cost of the dryer.  The two unknowns are a) whether the dryer will be able to 
dry sufficient quantities of woodchip to be useful, and b) whether it can dry efficiently 
enough to allow the dry chips to be sold at a competitive price.  This study will try to 
gain information on these two areas. 
 
Aims 
 
The overall aim of this study is to evaluate farm grain dryers as a means of reducing 
the moisture content of woodchips.  Two types of dryer will be assessed: 
 

• A high capacity batch tray dryer (Dryer 1) 
• A continuous flow grain dryer (Dryer 2) 

 
Dryer 1 will be tested using batches of chips.  Dryer 2 will be assessed as a desktop 
study to highlight pitfalls and benefits of using this type of dryer. 
 
The end result will be a report, which will indicate the usefulness of the two different 
dryers for drying woodchip. 
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Description of Dryer 1 
 
Dryer 1, a high capacity batch tray grain dryer, located at Moraystone Farm, 
Inverness is similar to many grain dryers in the North East of Scotland.  
Fundamentally it is a perforated mesh floor that allows air to pass up through the 
grain, at relatively high speed and temperature, causing the moisture content to fall.  
A typical dryer of this type would be able to dry a batch of 20 – 25 tonnes at a speed 
of around 1 % moisture content reduction per hour.  For grain this means that a batch 
would take under 8 hours to dry, including one hour for ventilated cooling.   
[Woodchips starting at 35 % moisture will take around 20 hours to be reduced to 
15%].  The depth of grain on the mesh would be around 0.75 m and the airflow rate 
would be 0.5 m3/s.tonne, requiring a fan of high volume and pressure capabilities.  
The drying air would be heated to around 45 °C by a direct firing oil burner, controlled 
by a temperature sensor located in the main air duct. 
 
The warm air passing through the grain dries the grain immediately above the mesh 
first, then progressively towards the surface.  The end result is that, on average the 
grain is dry but there will be a range of moisture, low at the base of the grain and high 
at the surface.  It has been found though that by mixing the grain in store this 
differential tends to even out and, if drying has been done correctly, the resultant 
mixture will have a moisture content of 14.5%.  The drying trays are usually provided 
in pairs as, when one tray is drying, the other can be unloaded and reloaded.  In 
some situations both trays can be dried together but at a slower rate. 
 
The front edge of the dryer sometimes has a door to contain the grain but most often 
the grain slopes from maximum depth at the edge of the mesh to floor level a short 
distance in front of the tray.  This reduces air leakage out of the front face and the 
less well-dried grain at the front is shovelled backwards when drying is nearly 
complete. 
 
Most tray dryers have a roof to protect the grain from rainfall.  Sometimes the roof is 
not provided, as this saves a significant proportion of the dryer’s costs (about 20%).  
It has been found that any rainfall that does occur in the post-harvest period tends to 
coat the outer surface of the grain, does not soak into the grain to a great extent and 
dries off relatively quickly during the drying process.  The added advantage of the 
dryer not having a roof is that there is good access for lorries loading the trays.  The 
dryer that will be used for this test does not have a roof and has unusually high side 
walls (2.5 m cf 1.2 m).  The sidewalls will allow the woodchips to be stored at greater 
depth than grain.  This will be particularly useful, as the woodchip will need to be 
loaded to a greater depth than grain to achieve a worthwhile tonnage on each tray.  If 
the bulk density of the chips is around a third that of grain then the depth will need to 
be three times that of grain, or 2.25 m to achieve the same tonnage.  The airflow 
resistance of woodchips is also considerably less than grain so the increased depth 
should not overload the fan and will mean that the exhaust air will be as close to 
saturation as possible, meaning that its maximum drying capacity will have been 
achieved.  The moisture content variation may be a problem as it is likely that the 
chips at the base will be very dry before the surface chips are reduced to an 
acceptable moisture content.  To reduce this variation the chips would need to be 
turned – transferred to the other tray – or the drying air temperature would need to be 
reduced.  The former option will require more manpower for handling and the latter 
will slow down the drying process.  
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Testing programme for Dryer 1 
 
Three trials each of 20 - 25 tonnes batch size will be conducted.  These will be 
designed thus: 
 

1. Maximum drying speed: Airflow rate and heat as used for grain drying.  This 
will be 0.5 m3/s.tonne and a temperature elevation of around 15° C.  
Measurements of temperatures, humidity, energy (fuel and power) 
consumption, airflow and airflow resistance will be taken.  Moisture content of 
the chips will be monitored and samples taken at surface and at a set depth, 
at periodic intervals. The samples will be oven dried so that the moisture 
content can be calculated.  The duration of the test is likely to be around 20 
hrs but this will depend on the moisture content of the chips and their 
dimensions. 

 
2. Reduced energy: The airflow rate will be restricted to 0.1 m3/s/t, a 5 -fold 

reduction, and the burner will operate at minimum heat level to reduce the 
fuel cost.  The same parameters will be monitored.  It is assumed that this will 
considerably increase the drying time.  The test will be run for 100 hours, or 
until dry.   

 
3. Two stage: In this test the batch of chips will be dried at the same airflow as 

test 2 but with the elevated temperature of test 1.  This will speed drying.  
After half the drying time it will be turned into the other tray and then the 
drying process will be completed. 

 
 
Instrumentation 
 
The following factors will be measured during each trial: 
 
Factor Method Continuous? 
Woodchip depth Tape Start and 

End 
Woodchip density Bucket and balance Start and 

End 
Airflow rate Anemometer Start and 

End 
Duct air pressure Manometer Start and 

End 
Ambient air temperature Logger ch1 Continuous 
Ambient humidity Logger ch 2 and 3 Continuous 
Drying air temperature Logger ch 4  Continuous 
Exhaust air humidity Logger ch 5 and 6 Continuous 
Woodchip temperature Logger 7 and 8 Continuous 
Woodchip moisture content Samples, 

Time Domain 
Reflectometer (TDR) 
Theta probe with HH1 

Periodic 

Drying time Real time from logger Continuous 
Electricity usage Clamp meter Cumulative 
Fuel usage Flow meter or tank dip Cumulative 
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The Time Domain Reflectometer (TDR) will be used to provide a continuous record 
of moisture content, if it is available and can be set-up with reasonable ease.  
 
The Theta probe will also be used for an indication of moisture content and will be 
backed up by regular sampling of known volumes which will be weighed, oven-dried 
then re-weighed. 
 
 
Test procedure 
 
The woodchips will be delivered to the site as arranged by Highland Birchwoods.  
They will be relatively dry – around 35% - a level that will be obtained by chipping 
seasoned timber, which was felled prior to the Spring and certainly not fresh cut. 
 
The tray will be loaded to a depth of 2.25 m and the equipment to measure the 
factors listed in the table above will be installed.  Samples will be taken for moisture 
content measurement and the bulk density will be calculated.  The airflow rate will be 
measured; with the duct air pressure and the chip depth will be adjusted if required. 
 
The drying process will then start and the reduction in moisture content will be 
monitored using the Theta sensor.  Samples from the surface and at a measured 
depth into the chips will be taken at periodic intervals until the chips are estimated to 
be at an average of 15 % m.c. or after the pre-determined time.  If the woodchips are 
found to be wetter than 35% then the drying process will aim to reduce the moisture 
content by 20%.  When the chips are unloaded samples will be taken at 0.5 m depth 
intervals to show the moisture profile. 
 
A data logger will be used to monitor temperature and humidity.  The results will be 
used to assess the energy used, drying temperature and ambient humidity.  
 
Once the data has been collected the results will be analysed and the economics of 
drying woodchips for fuel in this manner will be appraised.  A report will be compiled 
to summarise the methodology, results and conclusions. 
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Programme for Dryer 2 
 
The second dryer at the test site is a continuous flow dryer made by Alvan Blanch.  
Whilst it will not be possible to use the dryer for woodchips at this time a desk top 
assessment will be made into the usefulness of this type of dryer.  This will consider 
the difficulties of getting the chips into the dryer, the need to reinforce the belts and 
the likely throughput of the dryer.  The report will summarise the pros and cons of 
using this type of dryer and, if suitable, recommend a testing programme. 
 
Conclusions 
 
This project will be a quick study of the potential for drying woodchips on farm grain 
dryers.  It will test the performance of a batch tray grain dryer for drying woodchips.  
Data will be gathered on the speed of drying, the amount of electricity and fuel oil 
needed, and the possibilities for drying more slowly over a longer time period.  The 
conclusions will indicate whether drying woodchips as a fuel in this manner is 
economically beneficial.  A typical continuous flow grain dryer will be assessed as a 
possible alternative.  The pros and cons will be reported and conclusions will be 
drawn as to whether this type of dryer is worth more consideration. 
 
 
Rod McGovern 
13 June 2007 
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