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The harvest of logging residues in the Dutch forests and landscape
Summary
As the market of woody bio fuel has developed in the last decade, logging residues in the Dutch forests have become more and more important as source of biomass. Until today only logging residues
from large scale transformation projects were utilised but in the future these projects will occur less
frequent. Logging residues in regular managed forests are still an underestimated source and hardly
utilized but the interest of several parties is growing. The goal of this paper is to provide decision
makers with information from various related research programmes and related aspects of harvesting
logging residues under Dutch conditions.
In order to get the framework adjusted to the Dutch conditions, a quick scan of the Dutch situation was
made. Timber traders, representatives of the processing branch, forest managers and researchers were
interviewed. The results were projected on the future situation and conclusions were drawn. Harvesting logging residues under Dutch conditions in the future is economically feasible, under condition
that logging residues from thinning or small scale clear cuts are removed and processed elsewhere. In
case of large scale operations material can be collected and processed on site.
In order to get an impression of the possibilities of harvesting logging residues in future, the results of
several field tests were compared. These field tests were performed in Austria, US, Germany, France,
Italy, Finland and Ireland. The main conclusions drawn from these tests are that harvesting operations
need adjusted planning and skilled operators, under Dutch conditions, logging residues from thinning
and small clear cuts are best collected with a bundle machine, dried and process elsewhere. In order to
reduce the costs per GJ to an acceptable level to make the operation feasible, air drying of woody
biomass is conditional.
The quality of woody biomass will be of major importance for marketing in the future. In well developed markets like in Scandinavia, suppliers are already paid per the supplied heat value (GJ) per load.
Chemical and physical properties are already standardized and defined in a EU standard for solid bio
fuel. Beside particle size distribution, cleanliness etc, moist is the most important quality issue when
market value is considered. Drying woody biomass in the forest is the most effective option but in
Dutch conditions this is not a favourable option as common forestry practise, legislation and local
regulations require immediate harvest, together with the logs.
Taking the forest ecosystem into account, logging residues are an important source for dead wood and
woody debris on the forest floor. Several species depend on deadwood and even depend on deadwood
in a certain stage of decay. Most species depending on dead wood like Beetles and Fungi migrate easy
so the ideal situation does not depend on the quantity of dead wood but the quality of deadwood. All
stages of decay and all sizes should be available at any moment, somewhere in the forest.
An important part of the nutrient cycle in the forest is the littering and decaying of dead wood, needles
and leaves. Needles and leaves contain the major part of the nutrients that are released from the tree.
Within this framework, harvesting logging residues is therefore possible but only once or twice in a
rotation of 75 year and preferably no leaves and needles. Clean sweeping of the forest floor should be
prevented all time.
Considering the nutrient cycle, the recycling of ash from bio-plants back to the forest in the Netherlands is not an option yet. Levels of heavy metals in ashes from bio fuel are to high to use the ash as
fertilizer in forestry or agriculture. In case ashes can be purified, recycling is a serious option to consider when the harvest of logging residues takes off.
The amount of harvestable logging residues in the Netherlands is estimated approximately 230.000
tonne fresh material per year. This includes woody biomass from forests, landscapes and small woods
< 5ha.
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Problem

In the Netherlands, as in the rest of Europe, the market of woody biomass has developed very rapidly
in the last two years. At the moment the competition of biomass for energy with other industries like
panel and pulp producers has a clear impact on the price development. The demand for woody biomass is still increasing but the forest managers hardly respond to this development as forest management in the Netherlands is not or marginally driven by the timber market. On top of this development,
the Dutch government has agreed to generate 20% more sustainable energy in 2020 from which about
one third from biomass. Woody biomass will probably take a major part of this 30%.
This, together with the growing demand for timber in the processing industry, will have a great impact
on the demands for woody biomass in the near future. Harvesting logging residues needs serious consideration within the context of these developments.
In Scandinavia the harvest of logging residues is more or less common practice and although only on a
small scale, it is getting more and more embedded in the day to day practice in the rest of timber producing Europe. The concept of harvesting forest residues in the Netherlands was introduced about
three years ago but is only used under very specific circumstances like transformation of forest into
other (non-forest) nature like heath lands or drift sands.
The goal of this study is to collect information from the various research programmes on this issue in
order to give decision makers insight in the various aspects of harvesting logging residues under Dutch
conditions.
All conclusions are based on foreign research and field tests. For verification of these results, field
testing of harvesting equipment and drying tests in the Netherlands is required.
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Method
-

Interview with representatives from the Dutch timber traders and processors association, traders, contractors, forest managers and forest ecologists

-

Assessment of the results of international feasibility studies, field tests, production and processing data of the harvest of logging residues
Literature study on the impact on forest ecosystems and nutrient balance. Assessment of pro’s
and con’s of the harvest of logging residues

-

Literature study and interview with experts to analyse the conditions and potential of the harvest of logging residues in the Netherlands
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Technical and economical results

3.1

Harvest of logging residues. A quick scan of the Dutch situation

Various parties already introduced the concept of harvesting forest residues in the Netherlands. In
some cases where forest is transformed into non-forest, logging residue is processed on site with a
chipper or shredder machine. In the past, forest residues were collected on a small scale with a regular
forwarder to a shredder or chipper machine on site. In order to get a clear view on the current situation
and developments in the Netherlands, various parties involved in all aspects of the subject, were interviewed.
- Processing on site. Direct on site chipping is only economically feasible with heavy equipment with
large processing capacity and large quantities of wood to be processed. Economically it is not possible
to harvest logging residues with small, self propelled chipping equipment in the forest stands. This
equipment is only suitable when whole trees are harvested in a situation with good accessibility like
landscape plantings on road sides lanes etc.
- Dutch forest management practice. The majority of the Dutch forests are so-called multifunctional.
One of these functions, recreation, is becoming more and more important. As an immediate result of
this recreational function, forest managers try to minimize the impact of management measures like
machine noise and fumes, road blocking etc.
- Environmental limitations. The negative environmental side effects of large and heavy equipment,
like soil compaction, damage to infrastructure, noise and air pollution, are becoming more and more
unacceptable. It is considered most likely that due to these negative environmental impacts, chipping
or shredding on site will be allowed only in specific situations like large scale forest transformation
projects, infrastructural projects, etc.
In case of harvesting logging residues, bundling and forwarding does not have the environmental disadvantages of the direct chip or shred method. A bundle machine is mounted on a regular forwarder
and therefore suitable in regular forest management practice. Production and transport of the bundles
is relative expensive although transport of loose material is twice as expensive. Bundles can only be
processed with a shredder as the binding material is hard to cut with a chipper and easily blocks the
machines. Processing of the bundles into high quality dry and clean chips is not possible with the currently available chipping equipment.
An important factor for the marketing of chips are physical and chemical properties. In general, dry
clean chips are more valuable than wet and dirty chips or shreds. In practice the difference between
wet (>40%) and dry (<20%) chips makes the harvest of logging residues financially feasible or not.
-Legislation and regulations. In the Netherlands the local legislation and regulations are important
factors to consider. Harvest is only allowed from 15th of July until the 15th of March and in some cases
forest managers allow harvest only in the time frame from the 1st of August until the 1st of March. On
the market of woody biomass like forest residues, this results in higher costs as intermediate storage in
the supply chain is necessary.
The storage of chips on site is prohibited in most cases, as chips is defined as waste and for waste storage dedicated permits are required. It takes about two to six months to get a dedicated permit. Storage
of chips on site is herewith not an option.
Concerning the harvest of logging residues it is also not clear whether logging residues are defined as
timber or as litter. According to Dutch legislation it is not allowed to harvest litter from the forest
floor. As soon as logging residue is separated from the trunk and left on the forest floor, it will transform into litter eventually but when and in what stage is not exactly clear.
Temporal storage of logging residues on the forest roadsides in order to let it dry and to make a more
optimal processing possible also creates conflict situations with the Dutch legislation on nature conservation. Heaps of logging residues on road sides or on the forest floor create nesting and hiding
places for fauna. In order to be allowed to collect this material, prior to the harvesting and processing,
flora and fauna surveys and ecological assessments are mandatory in a lot of cases. Furthermore, de-
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pending on the local regulations concerning fire prevention, storage of logging residues on the roadside is not or only during a limited period permitted.
Conclusions from interviews
- Harvest of logging residue in the Netherlands is only feasible in case material is harvested and
removed together with the round wood in one harvesting season.
-

Processing on site in small scale operations is not favourable because of negative
environmental impacts and disturbance.

-

Low moist content of the woody biomass is a key factor for marketing.

-

Storage of forest residues outside the forest is a condition for optimising the economic yield
and preventing the flow in the supply chain from hampering due to environmental legislation
and other limiting regulations.

-

Harvesting forest residues with a bundler is from Dutch perspective the most favourable for
the future as storage of logging residues in the forest for drying and on site processing is not
possible due to legislation and environmental limitations and other forms of collecting and forwarding has proven to be to expensive.

-

Processing bundles with a shredder machine is well possible but processing bundles into high
quality chips needs technical improvements. More knowledge about drying techniques under
Dutch conditions is needed.
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Harvest of logging residues in the Netherlands summarized
Supply chain
Processing of
logging residue

forwarding

Intermediate storage

transport

1

Cut and chip
whole trees

Chips are forFresh chips are colwarded by the
lected in a container
feller chipper com- on the road side
bination

2

Direct chipping
of logging residue in the stands

Chips are forwarded by the
chipper machine

Fresh chips are collected in a container
on the road side

3

No processing in
the forest stands

Logging residue is
forwarded to the
forest road

Logging residue
piled on the forest
road

4

No processing in
the forest stands

Logging residue is
forwarded to the
forest road

Logging residue
piled on the forest
road
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Bundling of logging residues

Bundles are forwarded by a regular forwarder

Bundles are stored on Logging truck
the forest road

drying

Intermediate processing

transport

Container truck No option

Not applicable

Container truck Fresh unscreened
chips

Container truck No option

Not applicable

Container truck Fresh unscreened
chips

Forwarded piles are
chipped or shredded
in on the forest road

Container
truck.

No option

Container truck No option under Processing of fresh
Dutch condilogging residue by a
tions
stationary machine
Drying is optional.

Processing of dry
bundles by a stationary machine

End product

Fresh unscreened
chips or
shreds

Container truck Fresh
screened
chips or
shreds
Container truck Dry screened
shreds
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3.2

International field trials and feasibility studies on the harvest
of forest residues

Taking the results in paragraph 4.1 into account, harvesting logging residues in the Netherlands in the
future is most likely feasible in large scale clear cuts or when biomass is removed from the forest and
processed elsewhere. As large scale projects like transformation of forests into non-forest will fade out
in future, harvesting of logging residue will only take place on small scale. Within this context, on-site
processing scenario’s are not assessed, various field tests with equipment suitable for small scale operations with processing outside the forest were compared.
Harvest of logging residues
In 2004 the US forest service organized field trials with a bundle machine. This study was useful for
this assessment as the equipment was also tested in thinnings.
In 2005 the timber processing and trading industry in Austria initiated field trials with a prototype
bundling truck developed by the company Von Atzigen. The prototype is a Timberjack bundler
mounted on a MAN truck (figure 1). The equipment was tested on various mountain sites. Trees were
all felled with a cable processor combination. Logging residue was collected on the road sides. Productivity of the equipment was not as expected from other time trials especially the truck mounted
bundler produced far under its theoretical potential.1 In the same study, information from trials in Italy,
France and Finland was collected and analyzed.
Table 1. Bundling production rates
Location of the
Machine
field test
Austria
Truck mounted bundler Timber jack 1490D
France
Forwarder mounted Timber jack FB370
Germany
Truck mounted bundler Timber jack 1490D
Finland
Forwarder mounted Timber jack FB370
Italy
Truck mounted bundler Timber jack 1490D
US
Forwarder mounted Timber jack 1490D

Production
(Bundles/h)
9,1-12,6
11-24
22
24,5
13
10-30

Bundle
length (m)
3
3
3
3
4
3

Figure 1.
Bundling pre-concentrated
slash with a truck mounted
Timberjack bundling
machine in Austria 2
Transport
Major issue with transport is safety on the road. Bundles made of old material crack easily and loose
material during transport (figure 2). Best results from the various field tests was transport with a regular log truck with a solid floor (figure 3).
Average truck load was 80% of the maximum loading capacity.
1
2

Kanzian, 2005
Moos, 2006
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Figure 2.

Volumes of different kind of forest products compared per full truck load 3

Figure 3.

Transport with a short log truck in the US 4

Further Processing with shredder and chipper
In all cases the bundles were processed with a mobile shredder machine (figure 4). Processing bundles
into chips is not successful as the equipment is blocked easily with the wrapping material. Tests with
alternative wrapping material (sisal) were not successful as the sisal rotted and fell apart after a few
months5.
Table 2. Results of various field test with the shredder machine
Location Equipment
Austria
Shredder Jenz, loaded with a four wheeled front
loader
Austria
Shredder TIMenvipro, loaded with a four wheeled front loader
US
Shredder loaded with a grapple loader
US
Shredder loaded with a grapple loader

Bundles specs.
Coniferous

Production
52-59 bundles/h.

Coniferous

64-75 bundles/h

Coniferous
Broad leaf

60 bundles/h.
52 bundles/h.

3

Rohrmoser and Stampfer, 2003
Rummer et al., 2004
5
Parenco pers. com.
4
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US

Shredder loaded with a four wheeled front loader Mixed

70 bundles/h.

Figure 4.
Mobile horizontal grinder in
the US processing bundled
slash 6
Bundle specifications
Length
Diameter
Volume
Weight
Energy
(At 50% moist , energy value is on average 2 kWh/kg)
Chips/shred volume per bundle

3m
70 cm
1,15 m³
500-700 kg (fresh weight)
1000-1400kWh/bundle
(3,6 GJ-5,04 GJ)
1,4 m³

Conclusions from the field trials
- Experience and skills of the operators have a great impact on the level of productivity.
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-

Logging residues, polluted with sand and stones decrease the production substantially. Stand
time of the chain decreased from 100 bundles to 26 bundles. (The Austrian experience compared with the Finnish test).

-

Preparation of the logging residue during the felling has a great impact on the production efficiency as the difference between the Austrian and Finnish results show. In Finland residue
was collected and piled properly by the harvester operator before bundling. For optimal bundle production, clean logging residue and a close cooperation between the harvester operator
and the bundler operator is necessary.

-

The same conclusion was drawn from the field trials in the US. Especially in thinnings a
proper arrangement of logging residue by the harvester operator would have decreased the
handling by the bundler operator substantially. The production per bundle in the thinning was
5,5 to 11,7 minutes and in a clear cut with enough material to bundle, the production per bundle was 2,5 to 5,5 minutes.

-

In the US trial, in a pre-commercial thinning in pine, whole trees were bundled without any
problem (figure 5). The advantage of bundling long and thick material is that bundles can be
made longer than 3 m. According to the difference between the Austrian and Italian trials,
bundles longer than 3 m increases the production substantially.

Rummer et al., 2004
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-

Old (older than 2 year) and short material is not suitable for bundling as branches become brittle over time. Bundles with short or old material break easily or loose material during transport

-

Transport with a truck and solid floor log trailer is favourable as material is lost easily from
the bundles when old or short material is bundled

Figure 5. Bundles made of material from a pre-commercial
thinning 7

Figure 6.
Bundler operating in a stand after a thinning7

Figure 7.

7
8

Direct chipper system8

Figure 8.

Press collector8

Rummer et al., 2004
Wellink, 2007
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3.3

Physical and chemical properties; crucial factors in the marketing of woody bio-fuel

In order to be able to serve the bio-fuel market, the products need to meet high quality standards. Not
only the supply chain is a bottleneck but also the properties of woody bio-fuel have to meet high standards on today’s bio-fuel market.
The market value of woody bio fuel is greatly influence by the moist content, particle size distribution
and cleanliness.
In simple terms: the more equally sized, the more dry and the more clean, the better. Logging residues
like tops and branches consist of small material with a high content of bark and green parts like leaves
and needles. In case logging residues are not treated properly during the various steps in the harvesting
pro-cess the material can also be polluted with sand and stones.
EU standard for solid bio-fuel CEN/TS 14961. The following parameters are classified and specified
in the standard:
- Moist content
- Ash content
- Particle size distribution
- Bulk density
- Nitrogen and Chlorine content
- Energy content
The most important parameters for solid biomass are summarized in the Appendix.9
The net heating value and moist content of wood
Moist content of wood has a dramatic effect on the net heat value. The table below shows the relation
between the % moist content and the net heath value per kg wood. With 20% less water, heat value
increases almost 100%.
Table 3. Net heat value and moist content of wood 10
Coniferous
Broadleaf
Moist %
Kg/m³
KWh/kg
Moist %
0
148-160
5,38
0
25
197-213
3,86
25
40
247-267
2,95
40
50
296-320
2,34
50
60
370-400
1,73
60

Kg/m³
230-270
307-360
383-450
460-540
575-675

KWh/kg
5,03
3,60
2,74
2,17
1,59

Air drying of wood
Research has proven that forced drying of woody biomass is only feasible in combination with a
power plant or other industry. In this situation rest heath is used to dry fresh biomass before entering
storage bins, etc. In order to maximize the yield of harvesting logging residue in the Netherlands, air
drying of biomass in the supply chain is conditional as only a small part of the customers are able to
process and dry on site.
Moist content of wood depends strongly on the relative humidity of air (MA). In table 4 the relation
between humidity en moist content of wood is summarized.11

9

Hansen, 2007
Verscheure 1998
11
Wiselius, 1994
10
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Table 4. The relation between humidity and moist content of wood of different tree species
Timber species 40% MA
60% MA
85% MA
90% MA
Saturation
point
Scots pine
9-10
12-13
15-18
17-19
30
Spruce
8-9
12-14
18-21
20-23
30
Douglas fir
9-10
12-14
18-21
20-23
29
Oak
9-10
12-13
17-20
19-22
32
Poplar
7-8
11-13
17-20
19-23
32
In table 5, the moist content of Spruce (stored in a rain covered shed11) in the East of the Netherlands
is summarized.
Table 5.Average moist content of Spruce (% of weight)
jan
feb
mar
apr
may
jun
jul
19,5
18
15
13
12
12
14

aug
14

sept
16

oct
17

nov
19

dec
21

Drying experiments
The only experience with air drying of woody biomass in the Netherlands was gained in the research
project with willow from short rotation coppice. In this case coppiced shoots were stored in piles the
field. Moist content was monitored throughout the piles for a period of 200 days from the harvest until
August. The results of the project:
-

In the period of 200 days, the moist content decreased from 1 to 0,3-0,2 kg water/kg DM.
A pile dries more or less uniform. No ‘crust’ of dry shoots over more wet shoots in the pile.
Covering the piles did not have a significant long term effect on the moist content of the piles.
Drying of bundles was not tested but as air flow is of significant importance to the drying of
wood, it can be expected that drying of bundles can be successful but takes more time.

To determine the potential for use of this material as woody biomass (e.g. wood chip bio-fuel) an experiment on the natural drying of Chamaecyparis obtusa logging residue stems was carried out in
Japan. The experimental residue logs, i.e., unused stems left after logging, were placed along a forest
road at high altitude and on a paved landing at low altitude. At each site, half the material was naturally dried in the sun and the other half in the shade for about three months. Moisture content of the
logs (MCL; dry basis) was almost constant at the forest road site, while it decreased from 82% to 38%
within three months at the paved landing site. There was no significant difference between MCL dried
in the sun and in the shade, whereas the MCL placed directly on the ground was about 10% higher
than the MC of elevated logs. Average air temperature at the forest road site and at the paved site differed by 7 degrees (higher at the paved site) and average humidity was also 20% higher there. There
was no significant effect of substrate type, i.e. soil vs. pavement, as determined by ANOVA. Thus,
differences in air temperature and humidity between the sites were the main determinants in natural
drying of logging residue stems. 12
Experiments in Finland show that moisture content of well ventilated piles may be lowered in one
summer below 40% and after 12 months stock piling the average moist content was further reduced to
26,7% for Pine and 32,1% for Birch. Only for Birch a significant difference was found between covered and uncovered piles. For pine there was no statistical significant difference found. More interesting was the difference found between the moment of harvest. It seemed that harvesting earlier benefits
from the drying months April and May.13
In Austria, during the same experiment with the bundler as described above, bundles were stored for
drying during a period of four months, starting in the period from January until the end of April. In
one case the bundles were stored in the forest, covered with tarpaper. In the other case bundles were
stored uncovered in the open field. Moist content in the first trial increased from 55% to 69,4 %. In the
field test moist content went from 52% tot 52,3 %.
12
13

Miyata et al., 2005
Nurmi and Hillebrand, 2005

12

Taking wood drying theory and findings with the Willow shoots and the experiments in Japan and
Finland into account, the drying experiment in Austria was more or less done according the trial and
error method. Stacking the bundles in a solid pile and covering it with tarpaper in a forest does not
give the most optimal basis for success. The only conclusion that can be drawn from the results is that
one never should try to dry bundles completely covered and in the forest.
Conclusions
- Moist content has a dramatic effect on the net heat value of wood. In terms of costs per Giga
Joule 1% less moist equals about 5% cost reduction per GigaJoule
- As no data are collected in the Netherlands, further experiments are needed to find the optimal
site conditions and stacking method under Dutch conditions
-

Drying period in Dutch conditions is optimal from December/January until the beginning of
September. After September on average, wood tends to get more humid again and takes up the
same amount or more than is dried out during the drying period

-

Result from the Japanese experiment prove that a moist reduction of 44% in only three months
is possible

-

Finnish experiments show that covering piles is effective under conditions of wet snow in
spring time

-

The best option for drying bundles is a situation where air flow is not hampered by surrounding buildings, vegetation or cover. Bundles should be stacked in a way that enables the wind
to go freely through the piles

-

Bundles should contain a low rate of leaves or needles in order to provide sufficient air flow
within the bundle
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3.4

Costs

The US study has made a cost analysis. The US study is based on a production rate of 20 bundles per
machine hour. Forwarding capacity is estimated on 4 loads per machine hour. Transport distance is 50
mile.14
Bundling costs per oven dry tonne is
(Forwarding costs per oven dry tonne is
Transport costs per oven dry tonne is
Chipping/shredding costs per oven dry tonne is
Total costs per oven dry tonne15

$16,-$ 5,--)
$10,-$ 3,-$29,-- (= € 35,35)

The Austrian study made a cost analysis with the following results:
The figures are an average over three field tests. Production was on average 10.9 bundles per machine
hour. Transport distance on average 46 km. In all three field tests logging residue was forwarded to the
roadside as the timber was cable yarded from the mountain sides.
Bundling costs per oven dry tonne
Forwarding
Transport
Shredding
Total costs per oven dry tonne

€ 73,33
(not included)
€ 25,-€ 17,67
€ 116,--

As part of the Irish Forest Energy programme 2006, field tests were performed in order to gain more
knowledge on the harvest of timber for energy production. During these field tests, several methods
were compared and within the frame work of this study the results of an integrated method is relevant.
During this test in coniferous forest trees were harvested for energy wood and industrial assortments
with a harvester forwarder and chipped on the road side. Costs per GigaJoule were € 6,78. moist content of the chips varied between 66 and 58 %
The Irish study made a cost analysis with the following results. Only the results of the integrated harvest are shown. With this harvest, trees are felled, industrial assortments are cut from the stems and
logging residue and low value logs was harvested and processed on site.
Costs per oven dry tonne
Harvester
Forwarding
Transport
Chipping
Total costs per oven dry tonne

€ 78,90
€ 9,90
(not included)
€ 7,80
€ 96,60

Conclusions
- As both calculations show, the costs of bundling represent 55%-63% of the total costs

14
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-

Harvest and processing on site is by far the cheapest option but only feasible in large scale operations in the Netherlands

-

Bundle production rate is a major factor for breaking even. Optimal production is crucial and
needs special attention when harvesting logging residues is planned

Exchange rate in 2004 US$ 1= € 1,219
Without forwarding
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4.1

Ecological results
Dead wood

With regard to responsible stewardship, deciding where, when and how the harvest of logging residues
is possible, insight in the role of woody debris in the forest ecosystem is important. In managed forests
harvesting activities are, next to natural causes like wind blow, branch disposal and illnesses, the main
provider of woody debris on the forest floor. The supply of debris as a result of human activities lik
harvest can be considered as artificial and discontinuous in time compared to the natural causes that
provide dead wood in the forest ecosystem. During this study of national and international research,
the role of dead wood in the forest ecosystem and in the nutrient cycle has been determined and where
possible quantified.
The last decennia dead wood has been recognized as an important part of the forest ecosystem. The
Ministerial Conference on the Protection of Forest in Europe, that was held in 2002, argues dead wood
is important as it is ‘a habitat for a wide array of organisms and after humification an important component of forest soil.’ And ‘because of lack of dead wood many of the dependent species are endangered’. In the Netherlands dead wood is a part of the allowance arrangement ‘Programma beheer’
since 2000. It aims at a minimum of three standing or lying dead trees per hectare thicker than 30 cm
dbh.16 About logging residues no rules exist.
Many research has been on the importance of dead wood in the forest. Most of these studies where
focused on thick dead wood, the so-called coarse woody debris (CWD) (>10 cm)17.
The last few years, fine woody debris (FWD) (5-9 cm)17 has been studied as well. As the harvest of
tops and branches has become a management option, ecologists would like to know the effects on
different organisms.
4.2

Biodiversity

Several studies investigated factors, like diameter, tree species, stage of decay, that make dead wood
suitable for certain organisms.18,19,20 At first sight, small logs seem to be unimportant for woodinhabiting species, however, when the amount, volume and surface area of all small logs is considered,
it might represent a potentially important substrate.17 In this chapter the importance of FWD is studied
for insects, fungi and mosses, as these species groups consist of many species that depend on dead
wood.
4.2.1 Insects
The saproxylic insects, which live on dead wood, are most affected by the low availability of dead
wood in managed forests.
Most studies find a positive relation between species richness of insects and the diameter of dead
wood. Dead wood with a bigger diameter is thought to have many different habitats, more fungus species and related insects present, a low rate of decay and thus a stable microclimate and by this a higher
species richness.18 On the other side, fine material that is spread through the forest may result in a
much bigger variation in gradients of moisture and temperature and by this in a higher species richness.21 Some insects even seem to be specialised in utilising the thinnest wood.22 Besides, in a managed forest small branches and stumps are sometimes the only dead wood available. The branches can
act as a substrate itself. Next to that, beetles with a preference for shaded conditions are more abundant on clear cuts where logging residues, which provide shade, are left.23 The stumps can also act as a
habitat for saproxylic insects. But as the stumps can become very wet because of their smooth cutting
surface, or very dry in a clear cut area, they are not always a suitable substrate. In some management
16

Wijdeven, 2005
Kruys and Jonsson, 1999
18
Grove, 2002
19
Similä et al., 2003
20
Jagers op Akkerhuis et al., 2005
21
Moraal, 2005
22
Jonsell et al., 2007
23
Hjältén et al., 2007
17
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systems stumps only occur at clear cut areas, and in this case specialised insects must be very good
migrates to be able to survive. A forest with a selective cutting management will be better for more
different species to survive. Next to specialists of stumps and small branches, only species with a
broad niche can survive in managed forests.24
The primary source of logging residues are clear cuts, where the small material is highly available and
easy to collect. Removing all logging residues on clear cuts might have a major impact, especially for
saproxylic beetle species that depend on dead wood on sun-exposed sites. The beetle fauna on logging
residues of aspen, birch, oak and spruce, with diameters between 1 and 15 cm, was investigated. A
difference was found in species abundance in one-year-old and 3-5-year-old clear cuts, where the latter was more species rich. Diameter did not show a very large difference in associated species. However, the coarser residues (8-15 cm) where for most tree species somewhat richer compared to the
finest residues (1-4 cm), but the species composition was different. Also few similarities in species
composition between different trees have been found. But as spruce seemed to be the most speciespoor tree, whereas birch and oak had the highest number of associated species and aspen a very high
number of red-listed insects, one may conclude that harvesting deciduous logging residues may involve a bigger threat for biodiversity.25
The value of retained wood has been studied in northern Sweden. A difference was found in abundance and species composition between different substrate types (logs, snags and tops), which suggests that variation in substrate types might provide habitats for a diverse group of dead-wood living
beetles.26 It also has been suggested that diversity and continuity of dead wood is important to maintain the diversity of saproxylic insects.27
Conclusion
- saproxylic insects are most affected when dead wood is fully removed in managed forests
- some insects seem to be specialised in utilising the thinnest wood
- a difference in species composition between insects on CWD and FWD was found
- harvesting broadleaved logging residues has bigger implications for species richness of insects
than harvesting logging residues from coniferous forests
4.2.2 Fungi
Fungi are important for decomposing wood (dead or alive) and play a key role for the diversity of e.g.
saproxylic insects.28 More then 25% of all fungi-species need dead wood for their survival.29
The current fungal species composition that is found in a forest depends, among others, on the history
of forest management. In Swiss forests the fungal species richness dependent significantly on the
number of years since the last forestry intervention and the number of host tree species represented in
the plot. More fungi species were found on deciduous trees compared to coniferous trees.30
Spores of fungi can distribute over very long distances, but when a species is established on a site, it is
important that there is enough and good substrate in time and space. As fungal species decompose the
wood themselves, dead wood is a temporary substrate for them. The species composition in the later
stages of decay depends on the composition in the previous stages, as the fungi change the substrate in
a specific way.31
In temperate broadleaf forests in southern Sweden the importance of coarse (>10 cm) and fine (1-10
cm) woody debris for the diversity of wood-inhabiting fungi was investigated. In the study conserva-
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tion stands where investigated in which 75% of the ascomycetes and 30% of the basidiomycetes was
exclusively found on FWD.32
Thicker trees contain more species, as individual thick and small trees are compared.33 Except when
species density as the number of species per dead wood volume and as the number of species per forest area are compared. With similar volumes FWD seems more important than CWD, but for basidiomycetes CWD might be more important on landscape level. It was also found that several FWD objects contained more species than a few CWD objects (with the same volume), which might be explained by the spread of the FWD resulting in a variation of a-biotic factors.32 FWD also has more
surface area per volume, so more place for different species.33
Some points of interest about small tops and branches have been suggested. Leaving fine woody debris might not be enough to increase the natural values of the forest. The small material decomposes
very fast and does not act as a stable substrate.33 However, the CWD and FWD in the Swiss forests
were relatively species poor, whereas the thin branches and twigs showed to be quite species rich. The
researchers could mark only 5,5% of the dead wood in their plots as coarse (>10 cm)34 or fine (5-9
cm)34 woody debris.35 They therefore proposed a new definition, namely very fine woody debris
(VFWD, < 5 cm). Of the 238 species found, 142 were found exclusively on the VFWD. Small and
highly fragmented forests tended to be species poor, compared to the large, less severely fragmented
forests. The researchers conclude that the availability of dead woody debris with a wide range of different characteristics is the most important factor, as there are more fungi present if there is variation
in tree species, volumes of dead wood and different degrees of decomposition. Forests with little or no
management contain more dead wood of different qualities and therefore they harbour more species
than managed forests. However, when CWD is lacking, FWD and VFWD may serve as an alternative,
as they harbour many fungal species and may serve as a refuge.35 But species that induce rot of the
core and species of later decay stages do not get a chance.33
Also research has been done on ectomycorrhiza. In the Netherlands the humus layer increases very
fast by acidification and nitrification, resulting in a decrease of the mycorrhiza. The mycorrhiza are
most abundant in places where the nitrogen deposition is low and the humus layer is thin, for example
next to path ways and on small hills and embankments. Especially the mycorrhiza that are associated
with coniferous trees and the species that are characteristic for dry and nutrient-poor sandy soils have
declined in number. Species that are associated with broadleaved trees are found near coniferous trees,
certainly when a thick humus layer is present. Leaving logging residues in the forest may not serve as
a good substrate. The tops and branches may also capture leaves which are blown away on open sites.
The forest soil is enriched by accumulation of wood residues and leaves, resulting in a decline of mycorrhiza that are characteristic for nutrient-poor situations.36
Conclusion
- the fungal species richness depends significantly on the number of years since the last forestry
intervention
- deciduous trees are richer in fungal species compared to coniferous trees
- especially ascomycetes perform very well on FWD (75% was exclusively found on FWD)
- removing FWD in managed forests will therefore have negative implications for fungal diversity
- in Swiss forests VFWD is very species rich. As CWD is absent, FWD and VFWD may act as
a refuge for fungal species
- ectomycorrhiza perform better on nutrient poor sites with a thin humus layer. For these species tops and branches can better be removed
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4.2.3 Mosses
Several mosses (also called bryophytes) that are characteristic for the forest ground, seem to need dead
wood as a substrate to establish. After the wood has gone they expand on the forest ground. This might
be caused by the water delivery capacity of the dead wood and the absence of leave material on the
dead wood. Most mosses that prefer dead wood can be found on acid, nutrient-poor rotten wood in
areas with a high rain surplus.37 Many mosses can occur on dead wood, but few mosses seem to have a
preference for it. The presence of dead wood becomes significantly more important when other substrates, as humus rich ridges and forest soil are absent. This was found at the south-east Veluwe
(Netherlands) where the species richness of mosses was investigated. If the availability of embankments and humus rich ridges decreases some mosses show a shift in habitat of humus rich soil to dead
wood.38 Also stem bases of birch seem to be a good substrate.37
In mid and northern Sweden the species richness of lichens, mosses, hepatics and fungi on Norway
spruce has been examined. A higher species richness was found on CWD (>10 cm) when looking at an
equal number of logs and no significant difference was found between FWD and CWD for equal log
surface area. However, when the species richness on equal volumes of FWD and CWD was compared,
more species were found on FWD. The results suggest that when having small volumes (1-4m3) the
species richness increases in proportion with the share of FWD, but with bigger woody volumes (3264 m3) the species richness increases more with CWD.39
The supply of decaying wood on the ground and the occurrence of bryophytes on dead wood in a natural and a managed forest in Sweden has been compared. The number of measured units of decomposing wood was higher in the managed forest, because of many small pieces there. Most of the logs in
the managed forest had a maximum diameter of 10 cm. More bryophytes were found in the natural
forest. In general, the mean number of mosses that are epixylic specialists (well decayed, soft wood)
increased significantly with increasing diameter of the logs.40 This was also found in the forest reserve
Kersselaerspleyn in Belgium.41 However, not only substrate availability is important, also the substrate
quality or the environmental context must be considered.42 For example, branches that fell off the
beech often lay in the shadow, saw stumps of beech are situated in small open areas in the forest and
are therefore a much better place for mosses to grow.37
Tree species seems to be important for species composition of mosses as well. A difference in species
composition of bryophytes on hardwood and softwood species has been found, but this difference
diminishes when decay strides along.42 This can be supported by other studies, which found that common epixylic specialists did not seem to be restricted to any special tree species.40 The epixylic mosses
are of later decay stages, where the wood is well decayed.42 On Populus tremula the highest number of
epixylic species was found.40
It seems that mosses are most abundant on coarse woody debris. However, small logs (5-9 cm) must
not be considered unimportant for species richness of wood-inhabiting species. The bigger substrates
provide habitats for red listed species, while on FWD mostly common species are found. Removing
the small logs for biofuel, may have consequences for the species that are still common today.39
Conclusion
- Mosses need dead wood to establish, but few species seem to have a preference for it
-

The presence of dead wood is important when other substrate types (e.g. embankments) are
absent
Mosses perform better on CWD
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4.2.4
-

-

-

4.3

General conclusion for biodiversity
Fine woody debris contains a high number of microsites, providing habitats for a large number
of species
FWD seems especially important for insects that are specialized in using small material and
ascomycetes
Most studies show a higher species richness of organisms on deciduous dead wood compared
to coniferous wood
Dead wood of different tree species in different stages of decay must be available for species
to survive.
Small ‘deadwood reserves’, allocated evenly spread in a forest can be used as a refuge from
which species can disperse. Managed forest should contain places with a high availability of
dead wood, acting as ‘stepping stones’ 43
Fine woody debris is quite interesting for the more common fungi and insects, but mosses and
rare species perform better on coarser wood
Ectomycorrhiza perform better when tops and branches are removed and a thin humus layer is
present
Availability of woody debris in a wide range of different characteristics and stage of decay in
time, allocated in an unbroken forest complex is a more important factor for the presence of
insects, fungi and mosses than the quantity of deadwood.
Soil fertility and nutrient removal

Most intensively studied are the amounts of nutrient removal during harvest, the effects of different
harvest treatments on soil fertility and the effects on site productivity in the long run. In this chapter
only articles about the effect of different thinning-regimes are used, as large scale clear cuts are not
common practice in Dutch forestry.
The most important elements for tree growth are ammonium (NH4+), potassium (K), calcium (Ca),
magnesium (Mg), nitrate (NO3-), sulphate (SO42-), and phosphorus (P).44
Branches, twigs and needles (litter) clearly hold the larger part of the nutrients contained within the
tree. 45 The distribution of minerals in fully stocked stands of European trees (spruce, fir, pine, beech,
oak) on average sites shows that for phosphorus and calcium between 70-90 % of the total amount can
be found in the litter, while litter represents only 6% of the total dry matter of the tree. 46 Variation
exists between mineral concentration in leaves. Hardwood litter usually has a higher nutrient concentration than coniferous litter. Leaves usually contain the highest mineral content of all tree parts, therefore the decay of leaves is a very important process by which minerals are returned to the soil.47
Since the early 1980s the removal of biomass for the production of woody chips in Denmark has been
intensified and in order to make the first thinning (≤20 cm diameter) of Norway spruce and Sitka
spruce had to become economically profitable, whole trees were harvested. The effect of this Danish
whole-tree harvesting practise on the nutrient status has been studied. One study compared the removed nutrients between whole-tree harvest with immediate removal of trees (WTHgreen), whole-tree
harvest leaving trees one growing season on the site to dry (WTHdry), and stem-only harvesting. In one
thinning the WTHgreen removed 20-75% more nutrients compared to WTHdry. Compared to WTHgreen,
the stem-only harvest reduced the nutrient removal with, 85% for nitrogen, 90% for phosphorus, 70%
for potassium, 70% for calcium, and 75% for magnesium. When the nutrient removals were calculated
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for one rotation period of 90 years, the removals increased with 25-75% for WTHgreen and with 1540% for WTHdry. All these data originate from one single stand.48
During another study in Denmark the effects of different thinning treatments on the stand and site
productivity of nutrient poor, sandy soils were assessed. The treatments include no thinning (NT),
WTHgreen, WTHdry, and harvest of stems and coarse branches leaving needles and twigs on the site
(SCB). The WTHgreen resulted in a short term decrease in volume increment compared to the WTHdry
and SCB-plots. The effect might be caused by the increased removal of the nutrients N, P, K, Mg and
B. The nutrient status of the WTHgreen trees for example showed the lowest concentration of P.49
In Sweden the effects of repeated slash removal in thinned stands on soil chemistry and under storey
vegetation have been studied. No significant differences in soil pH, C and N were found when comparing whole-tree and conventional (stem-only) thinning. Lower concentrations of the exchangeable
cations Ca and Mg were found in whole-tree thinned stands, which can have an effect on the capacity
to buffer acidity. Four years after the second removal of thinning slash they found there was no clear
effect on the cover of vascular plants or bryophytes. The remaining trees will probably compete with
the vegetation for released nutrients.50
To evaluate the long-term effects of an intensive harvest system you should calculate the input and
output of nutrients on a site. Deposition and weathering are examples of inputs. Leaching and the removal of biomass are outputs. The values are site-specific. The deposition of ammonium-nitrogen for
example depends on the distance from animal farming. In Denmark deposition of sea salt results in the
input of calcium, magnesium and potassium.48 In the Netherlands the nitrogen deposition is on average
50 kg per hectare. The influence of the North Sea for Dutch forests is not known.
The amount of nutrients that is removed by harvesting, has been calculated by several researchers.
Equations have been developed by which dbh (cm) and height (m) must be measured, where after the
nutrient content of the removed material can be calculated for WTHgreen, WTHdry and stem-only harvesting.48 A French study tried to quantify the nutrient loss by biomass removal for Douglas fir, Norway spruce, Scots pine and European beech. They compiled data from literature and came to equations
by which the nutrient amount in the removed biomass could be calculated for the stem and for the
whole tree (including tops and branches). They also calculated the nutrient concentrations (kg) of different tree species per ton biomass (table 6).51
Table 6. The ratio between the nutrient concentration in the stem and in the whole tree
Nitrogen

Calcium

Kalium

Stem
only

Whole Stem Whole Stem Whole
tree
only tree
only tree

Douglas fir

1

1,7

1

1,9

1

1,6

Norway spruce

1

2,4

1

1,7

1

2,0

Scots pine

1

2,1

1

1,2

1

1,7

European beech

1

2,5

1

1,9

1

1,7

It was found that trees on rich sites have a higher nutrient concentration than the same species on a
poor site.51 This might explain that in absolute terms growth reductions tend to be larger on fertile
sites.52 However, it are complex interactions and instead of assessing the effect of whole-tree harvesting on each site, it is recommended to reduce the extraction of minerals to the minimum by leaving
trees to dry during summer. Leaves, needles and twigs (the nutrient rich parts of the tree) will be returned to the forest floor.49
48

Møller, 2000
Nord-Larsen, 2000
50
Rosenberg and Jacobson, 2004
51
Augusto et al., 2000
52
Egnell and Leijon, 1997
49

20

Conclusion
4.4

Branches, twigs and needles make up 6% of the total dry mass of a tree, but contain 70-90%
of the total amount of nutrients within the tree
WTHgreen removes 20-75% more nutrients compared to leaving the logging residues for one
year on the site to dry (WTHdry)
Tops and branches of trees on nutrient rich sites contain more nutrient concentration than trees
on nutrient poor sites
Ash recycling

Considering the nutrient cycle and the nutrient le3aching with the removal of biomass from the system, recycling of ashes seem to be a logic step to close the leak. There have been experiments in
which woody biomass was burned for energy production and the ash was returned to the site, to reduce
the removal of nutrients. The environmental impacts of ash application have been reviewed. The composition of the wood ash is strongly related with the nature of the wood fuel (wood residues, bark,
paper mill, soft- or hardwood, tree species). For example, the ash of hardwood species contains more
macronutrients. Besides, it is important which form the ash has, as loose ash might lead to health risks
because of its small particles and it may contain higher levels of dioxins and heavy metals. Granulated
ash, on the other hand, is more easily spread and the chemical elements are slowly released. The application of more than 5 ton ash per hectare affects ground flora. Species like Calluna and Vaccinium
decline, and communities of bryophytes and lichens show major changes. Swedish research shows that
forest areas where the N air pollution is very high, wood ash use should be reduced, as the possibility
of N leaching to the groundwater is increased. The soil type and site characteristics are very important
for the consequences of the ash application.53
The recycling of wood ash in the Netherlands has been assessed, but seems not feasible yet. The present legislation does not allow the application of ash from bio-energy plants in agricultural areas and
in forests, because of the high levels of heavy metals in it.
A closed circle where the biomass of one forest plantation is burned where after the ash will be returned to the same site is not possible. The plantations in the Netherlands are too small to give enough
biomass to burn at once. Furthermore, the Dutch forests are used for recreation as well. The ash application should therefore meet certain requirements.
At this moment the recycling of ash is not an option, but in case the harvest is applied on a large scale
and more frequent in time, ash recycling is an important factor to consider in the nutrient balance of
the forest.54
Conclusion
-

53

54

The composition of wood ash depends on the nature of the wood fuel.
The ash of hardwood species contains more nutrients.
More than 5 ton ash per hectare affects ground vegetation (Calluna, Vaccinium, lichens).
Application of ash recycling in the Netherlands is not an option yet, but an important factor to
consider in the nutrient balance of the forest.
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4.5

Harvest of logging residues and regeneration

Besides the negative effect on soil fertility, the biggest concern of forest owners, when discussing the
removal of logging residues, is the increasing competition by bramble or grass and more intense
browsing of the regeneration.
As mentioned in chapter 5.3 the amount of soil organic matter and the C and N pools did not differ
between whole-tree harvesting and the conventional way of harvesting in most studies. However, the
exchangeable cations Ca and Mg decreased in the soil when tops and branches were removed.55
In southern Sweden a lot of research has been done on the effects of the removal of slash.56,57,58 Mostly
the whole-tree harvest and the conventional way of harvesting (stem-only) have been compared.
A third kind of harvest has been added to the comparison: removal of all tree parts except the needles.
The results of this study show the effect of the logging residues on the vegetation. Leaving slash increases on one hand the amount of nutrients on the site, which favours nutrient-demanding species like
Rubus. On the other hand the slash acts as a physical barrier for the nutrient demanding grasses. The
grass species Deschampsia flexuosa therefore showed a higher cover in the plots where only the needles were left and the lowest cover of the grass was found in the plots where the conventional way of
harvest had been applied. Plots where slash was removed showed a higher abundance of the nutrientpoor Calluna heaths. Also lichens were more present at places where whole-tree harvesting was applied.56 The effect of slash removal on tree density has been investigated as well. Pine and birch responded positively to slash removal. This might be explained by the possibility that slash acts as a
physical barrier for seeds, preventing them to reach the ground. Secondly, during slash removal the
humus layer may be disturbed, creating favourable sites for the seeds to germinate. Furthermore, the
absence of slash increases growth because of an increase in light.58
Slash can act as a refuge for species that are typical for the late stages in forest succession, as they
need some shade to survive.60 There also have been suggestions that tops and branches might act as a
physical barrier for browsers. On the other hand slash releases many nutrients during its decomposition, which make plants more palatable when they take up these nutrients.
In southern Sweden both deer browsing and slash removal affect plant succession, however, deer
browsing more strongly than slash removal. The vegetation in enclosures contained more tree and
shrub species, whereas outside the enclosures grasses dominated. The trees on the slash-retained parts
of the clear cuts had a higher biomass.57
When harvesting of logging residues is applied only once, the long-term effect of this single removal
on the vegetation in the nutrient-poor coniferous forests is probably small. However, repeated removal
may have more drastic changes. The location of the forest is also important when deciding to start
slash removal: in northern Sweden the trees are nitrogen-limited and removing slash may decrease the
amount of available nitrogen even more. In southern Sweden the nitrogen deposition is higher and
may compensate for the nutrients removed.58 The effect of repeated slash removal in thinned stands on
under storey vegetation seems not significantly different from plots where slash had been retained.
This might be caused by competition between the under storey vegetation and the retained trees.59
The effect of the removal of logging residues is not clear yet. Some studies find an accelerated regeneration of trees60 while others do not find any specific influence.57
Two Dutch forest ecologist were asked to give their opinion of the effect of the removal of tops and
branches on the forest. One forest ecologist thinks the harvest of tops and branches will certainly have
a big impact on the nutrient cycle, the humus layer and the water holding capacity. Furthermore, the
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logging residues are an important brood substrate for several insects, other related organisms (wasps,
birds) and fungi. Many insect and mite species that are bound to dead wood have a poor dispersion
capacity. By the removal of logging residues in certain forests, the infrastructure for those organisms
will get lost. Other aspects of tops and branches are the possibility for spiders to attach their webs to it.
It can also act as a cover for small mammals and might reduce the browsing of seedlings by deer and
pigs by giving physical protection. The only place where the harvest of logging residues could be argued are constructed forests, plantations, which do not have been forests before or did have any natural value.61
The vision of an other ecologist is that the amount of thick dead trees in the forest should be more
stimulated, but that this will become more difficult with the rising timber prices. Thick dead wood is
more important from an ecological point of view, leaving tops and branches is, to his opinion, not that
important. The effects are not really investigated, but in young coniferous forests on poor soils he expects an accelerated development in the bush and herb layer, with more ferns and bushes with berries.
Leaving logging residues might also increase the risk of forest fire. Then it is obvious to remove the
tops and branches around camp sites, bungalow parks, etc. When the logging residues are removed
later than the stems are harvested it might increase the disturbance of organisms in the forest.62
Conclusion
-

61
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Leaving slash increases the amount of nutrients on the site, favouring Rubus spp.
Slash acts as a physical barrier for nutrient demanding grasses
Calluna and lichens perform better on sites where logging residues are removed
Where slash is retained trees have a higher biomass compared to sites where slash has
been removed
Pine and Birch regenerate better on sites where slash has been removed and the humus
layer is disturbed
The environmental conditions of the site are important in deciding to harvest logging residues
The harvest of logging residues in Dutch forest might have important consequences for the nutrient cycle, the humus layer and for insects and other organisms. But research is necessary to
investigate the real effects

Moraal, pers. com.
Bijlsma, pers. com.

23

5

Harvest of logging residues in the Netherlands

5.1

Availability of woody biomass in the Netherlands

The potential amount of woody biomass from regular managed forest has been estimated to be around
140.000 m³ round wood equivalents. This is based on an estimation that around 15% is available as
biomass in addition to the total harvest of round wood. In terms of harvestable biomass this is considered as an overestimation as most of the timber in the Netherlands is harvested from small scale, spatially highly fragmented thinnings with a relatively low rate of additional biomass per hectare. This
requires a well organized, well developed and sophisticated, state of the art, collecting and processing.63
In Germany a useful rule of thumb for the estimation of available biomass for energy in the field was
made. It was estimated that per 100 m³ standing timber approximately 15-25 bundles with an equivalent of 20-35 m³ chips can be harvested in addition to the regular round wood assortments.64
Woody biomass seems to be available in the Dutch forestry, but now the question rises where the harvest of logging residues can be applied, taking into account technical, economical and ecological considerations.
Forest management in the Netherlands has a multifunctional character. Timber production, recreation,
cultural history and natural values are the major aspects that have to be taken into account by the management. The managers of nature areas have a certain vision for every area. One vision might be the
creation of a nutrient poor environment, like a forest of Scots pine with lichens, a heath land or a drift
sand landscape. For all these three goals the removal of tops and branches might be an option, however, for the latter two also the top soil layer must be removed.
As Scots pine can grow on poor soils and has a high share in the cover of the Dutch forest, the harvest
of tops and branches in these forests is one of the first thoughts that comes up. Much woody biomass
is available and the amount of nutrients that will be removed might not affect the growth of Scots pine
very drastically. However, the availability of logging residues, dead wood, forms an important substrate for insects, fungi and the creation of a good soil. The difference in species composition on thick
and thin wood, on broadleaved and coniferous wood, on fresh and decayed wood, suggests that dead
wood of different sizes, of different tree species and of different decay stages must be available for the
highest biodiversity possible. Removing all tops and branches in all (pine) forests, constantly in time is
therefore no option.
Under Dutch conditions, additional harvest of forest residues once or twice in a rotation of 75 year is
considered feasible in the following situations:
Forests
- Clear cuts or group cuts. The average standing volume in the Netherlands is 208m³/ha65:
this corresponds with a potential of 41,6 m³/ha chips for biomass.
- Thinning from forest with pioneer species like Scots pine etc. Average harvest from thinning with a 5
year cycle is approximately 24 m³/ha . (4,8 m³ chips for biomass)
- Thinning from forest under transformation management with so-called exotic species. Average harvest from thinning with a 5 year cycle is approximately 24 m³/ha. (4,8 m³ chips for biomass)
- Clearings of heath land. No data available. (estimated harvest of biomass from heath is 2,6 odt/ha/y66
it is not clear if this is woody biomass or just heath cuttings)
- Fist (non-commercial) thinning approximately 24 m³/ha available as biomass.
Total potentially harvestable fresh woody biomass from the forest as mentioned above is estimated on
122.500 tonne/year.
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Landscape
- Lanes: 4100 ha (approximately 200 trees/ha with an annual harvest 50 kg wood per tree67). Equals
about 41.000 tonne biomass/year.
- Other line shape plantings (singels en houtwallen): 3900 ha (annual harvest 80 tonne/ha). Equals
about 31.200 tonne biomass/year
- Coppice: 6400ha (25 ton/ha/y) 160.000 tonne biomass/year This is considered not available for biomass.
- Other woods:10.000 ha (No harvest data available but estimated on 4 tonne/ha/year) 40.000
tonne/year
Total potentially harvestable fresh woody biomass from the landscape: 112.200 tonne/year
5.2

Conclusions
-

-

-

-

-

-

-

-

67
68

The ecological value of dead wood and debris in the forest is more a matter of quality than of
quantity and depends much on the availability in time and the allocation. Also the timing of
removal is crucial as with the removal of the logging residues in the growing season, also insects are removed. In terms of quality, it must be avoided to damage logging residues by harvest equipment, in order to provide as much as possible ‘natural’ debris
The harvest of logging residues has both positive and negative impacts on the next generation
of trees. Positive: extra soil disturbance creates a seed bed for pine and birch; less brambles,
and grasses settle with the released nitrogen from the logging residues. Negative: protecting
cover is removed what gives opportunities to browsers
Removing tops and branches more than once in a short time at one place may have drastic effects on the nutrient cycle.68 When logging residues are removed in a coniferous forest and nutrient recycling is important, the residues should remain in the forest for at least one year to release needles from the branches
Recycling of nutrients needs strong considerations when the harvest of logging residues becomes common practise
Recycling of ash is not possible yet. Bio-fuel, used in power plants is originating from a wide
range of sources and products. Current levels of heavy metals are too high. Developing techniques to purify the ash from bio fuels could be an option
Organising a closed circle from the forest back to the forest is practically impossible. Even if
the clean wood ash could be returned back to its source, technical application of ash to the forest need improvements
Considering responsible stewardship (toward the forest ecosystem), harvest of logging residues is possible when places with a lot of residues are left in the forest at 40-50 m distance
(stepping stones) or when management is aiming at more poor site conditions in order to create chances for specific forest types
The economic feasibility of harvesting logging residues in the Netherlands depends on well
tuned planning and adjusted harvesting practises. Logging residues should not be used as
pavement on the skid tracks and logging residues should be pre-concentrated and piled, together with the logs
Harvesting and processing in the Netherlands on site is only feasible in large scale clear cut
situations
Harvesting logging residues from thinning and small scale clear cuts is economically feasible
when the material is removed, dried and processed elsewhere. With drying, the net heat value
will increase dramatically and with large scale processing, material can be screened from
small parts, stones and sand in order to produce high quality bio-fuel
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Appendix
CEN/TS 14961 and the German Önorm M17133 compared.
Önorm M17133
Class

Class

G30

P16

G50
G100

P45
P63
P100

Önorm M17133
Class
W20
W30
W35, W40
W50

Önorm M17133
Class
A1 (<1%)
A2 (1-5%)

Particle size distribution
CEN/TS 14961
Main fraction
Fine fraction <5%
>80% of weight
of weight
3,15-16mm
< 1mm
3,15-45mm
3,15-63mm
3,15-100mm

< 1mm
< 1mm
< 1mm

Course fraction
max length
Max. 1% > 45 mm
All < 85 mm
Max 1% > 63 mm
Max 1% > 100mm
Max 1% > 200mm

Class
M20
M30
M40
M55
M65

Moist content
CEN/TS 14961
Value in %
Remarks
<20%
Dried
<30%
Suitable for storage
<40%
Suitable for limited storage
<55%
Not suitable for storage
<65%
Not suitable for storage

Class
A0,7
A1,5
A3,0
A6,0
A10,0

Ash content
CEN/TS 14961
Value in % of dry matter
≤0,7%
≤1,5%
≤3,0%
≤6,0%
≤10%

Sulphur
(only normative for chemically treated biomass and if sulphur containing additives have been used)
Önorm M17133
CEN/TS 14961
Class
Class
Value in % of dry basis
S0,05
≤0,05%
S0,08
≤0,08%
S0,10
≤0,10%
S0,20+
>0,20 (actual value to be stated)
Nitrogen
(normative only for chemically treated biomass)
CEN/TS 14961
Class
% of dry basis
N0,3
≤0,3%
N0,5
≤0,5%
N1,0
≤1,0%
N3,0
≤3,0%
N3,0+
≥3,0% Actual value to be stated)

29

