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Preface to English Translation

Sweden has developed its technological use of forest biomass for energy over the last
decades, and now almost 30 % of its total energy supply comes from bioenergy”. Swe-
den also has a long history of research on the effects of intensive biomass harvesting on
forest nutrition, biodiversity and growth® ©® £ This knowledge was combined with op-
erational experience” to produce the first guidelines for managing forest sites for inten-
sive biomass removals in Sweden in 2001¢. They were later translated into English".
Revised guidelines were published in 2008.

Nordic scientific findings, and guidelines and policies based on those findings, have
long been of interest to other nations with similar temperate and boreal forests. This
translation to English of the 2008 guidelines was made with the hopes that they would
help other countries better understand the wider context of the bioenergy sector in Swe-
den, and be of use as other jurisdictions develop guidelines specific to their own cir-
cumstances. However, it should be underlined that the guidelines were developed for
Sweden, with its present forestry practices and climatic and biogeochemical conditions.

The translation was facilitated with funding from the Canadian Forest Service and the
International Model Forest Network on the initiative by Brian Titus who also made
most of the technical corrections. Helpful comments were gathered from D.G.
Maynard, J.R. Boyle, G. Egnell and B.A. Olsson. Efforts have been made to ensure
technical accuracy in the translation, however, inevitably, some terms were difficult to
find proper equivalents for, or were ambiguous already in Swedish as the knowledge
area partly is relatively new. Hillevi Eriksson at the Swedish Forest Agency and Brian
Titus are responsible for final corrections and choices of wording.

2011-07-22

Brian D. Titus Hillevi Eriksson
Natural Resources Canada Swedish Forest Agency
Canadian Forest Service (Skogsstyrelsen)
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Preface

Forests can play an important role as a renewable resource in a society focused on re-
cycling and having a low impact on the environment. Fuels from the Swedish forests
are renewable, and have a minimal negative impact on the greenhouse effect in a tree
generation time frame. They also reduce Sweden’s dependency on imported energy.

The following recommendations specify how the Swedish Forest Agency believes ex-
traction of harvesting residues (mainly branches and tree tops) and ash recycling should
be done to avoid negative effects on biological diversity or on contents of nutrients, ac-
ids or harmful substances in the soil or runoff water.

Provided these recommendations are followed, the Swedish Forest Agency is in favour
of the use of forest fuels.

These recommendations replace the directive Recommendations for the extraction of
forest fuel and compensation fertilizing (Swedish Forest Agency Letter 2/2001).

Goran Enander
General Director
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LETTER NO. 2/2008 (ENGLISH TRANSL.)

1 Background

1.1 Purpose

Increased utilization of harvesting residues from forestry for energy production can
replace fossil fuels and hence contribute to decreasing the negative impact humans
have on the climate. It is then important that extraction does not affect the environment
in other ways. Intensive extraction of biomass from the forest is estimated to often
contribute to the acidification of soil and drainage water. Without countermeasures, the
extraction of biofuels from the forest is judged unsuitable in parts of Sweden®. The
Swedish Forest Agency recommends ash recycling as the proper countermeasure. The
March 2008 government forest bill? states that ash recycling on forest sites should in-
crease, and that extraction of branches and tree tops could increase at suitable loca-
tions. When harvesting residues are removed, so does also material that could act as
substrate and breeding habitat for different organisms. Similar to other forestry inter-
ventions (i.e., operations, treatments and activities), wrongly conducted extraction of
harvesting residues and ash recycling could damage natural and cultural environments.

Negative effects on the environment must therefore be counteracted or limited if ex-
traction of harvesting residues is to be consistent with sustainable forestry. Thus, the
purpose of these recommendations is to state under which circumstances extraction of
harvesting residues and ash recycling can be done without reducing the possibilities to
meet other environmental quality and production goals.

Ash can be used as a fertilizer to increase tree growth on peatlands or nitrogen-rich
sites. In some cases, it may be advantageous to use a higher ash dosage than that
used for compensation purposes. The current recommendations do not apply to the
use of ash at such higher dosages.

1.2 Some background documents

The Environmental Code and Swedish Forestry Act were used as important base doc-
uments when the Swedish Forest Agency developed recommendations for the extrac-
tion of harvesting residues and ash recycling (see Section 2.5). The recommendations
are also based on research results that are summarized in environmental impact as-
sessments on the extraction of harvesting residues, ash application and other nutrient
compensation treatments®, and lime treatment and revitalization®. In addition, the rec-
ommendations are based extensively on later research results (see Section 1.3) and ex-
periences from ash recycling conducted in practice. To a varying degree several of the
Swedish Environmental Quality Objectives have also contributed to the basis, such as
Reduced Climate Impact, Flourishing Lakes and Streams, Good-Quality Groundwater,
Natural Acidification Only, Zero Eutrophication, Living Forests, A Rich Diversity of
Plant and Animal Life, A Non-Toxic Environment, A Good Built-up Area Environment,
and A Safe Radiation Environment.

The regulations and general advice in Section 30 of the Swedish Forestry Act contain a

! European Environmental Agency. 2006. How much bioenergy can Europe produce without harming the environ-
ment? Report No 7/2006. EEA, Képenhamn.
2 Regeringen. 2008. En skogspolitik i takt med tiden. Regeringens proposition 2007/08:108.
% Egnell G., Nohrstedt H O., Weslien J., Westling O. och Orlander G. 1998. Miljékonsekvensbeskrivning (MKB)
av skogsbrénsleuttag, asktillforsel och 6vrig ndringskompensation. Rapport 1998:1. Skogsstyrelsen, Jénkdping.
# Johansson M.B., Nilsson T. och Olsson M. 1999. Miljékonsekvensbeskrivning av Skogsstyrelsens forslag till &t-
gérdsprogram for kalkning och vitalisering. Rapport 1999:1. Skogsstyrelsen, Jénkoping.
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clause that directly concerns the extraction of harvesting residues and compensatory
treatments. Among other things, the regulations state that:

“Damage caused by forestry interventions must be avoided or limited on land and in
water.

When clear-cutting forest, nutrient leakage to lakes and watercourses must be
limited. Any forest fertilization, lime treatment of forest land, revitalization fertiliza-
tion, or application of pesticides must be done in a manner that avoids or limits dam-
age to the environment. When tree parts other than stemwood are extracted from the
forest, measures shall, when necessary, be taken before, in conjunction with, or after
the extraction to ensure that the long-term nutrient balance of the forest land is not
damaged.”

Among other things, the general advice states that:

“In coniferous forests, damage to the nutrient balance when extracting other tree parts
than the stem can be limited if most conifer needles are left behind as evenly dispersed
as possible in the felled area. Such damage can also be avoided or limited by applica-
tion of mineral nutrients (for example, ash). Without addition of mineral nutrients, ex-
traction should not take place more than once during a stand’s rotation period. Fur-
thermore, extraction on heavily acidified land should not be conducted unless mineral
nutrients are applied. On nitrogen-rich land, extraction may include the conifer nee-
dles, provided application of mineral nutrients takes place. Without the application of
mineral nutrients, extraction should not be done on peatland.

When using ash for revitalization fertilization and compensation fertilization,
the amount, form, and composition of the ash, as well as the time of fertilization,
should be chosen so as to limit nitrogen leaching and loss of added nutrients in order
to avoid or limit damage to the environment. For example, the ash should be derived
from biofuels and be stabilized and slow-dissolving. In addition, the total amount of
harmful substances (such as heavy metals) introduced during a stand’s rotation period
should not exceed the total amount of such substances removed through biomass ex-
traction.

At compensation fertilization, the total input during the stand’s rotation period
should not exceed 3 DM (dry matter) tonnes of ash per hectare.”

The recommendations in this directive are in large an interpretation of the practical
significance of the referenced regulations and general advice.

1.3 Impact of extraction of harvesting residues

1.3.1 Biological Diversity

A sufficient supply of dead wood is needed to maintain the biological diversity of
wood-living species in the forest®. Access to large dead wood in different stages of
decomposition is especially important. However, many insect species
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are dependent on small wood®. In addition, the soil environment is affected when har-
vesting residues are extracted from the forest, which negatively affects some ground-
living species® ’. As a precautionary measure, it is therefore appropriate to leave some
harvesting residues behind, regardless of the type of wood, in order to protect the bio-
logical diversity of the forest® (see recommendations in Section 2.1). Special care
should be taken when extracting harvesting residues from deciduous forests. Aspen
and high-value deciduous trees (see p. 7) are especially important for wood-living
species, partly because many insects lay their eggs in residue piles of these tree spe-
cies®®,

1.3.2 Acidification and nutrient depletion

When a tree grows, nutrients are absorbed from the soil through the roots. For the tree
to maintain its ion balance, it emits an acid hydrogen ion for every positively charged
nutrient and a basic hydroxide ion for every negatively charged substance it absorbs.
The absorption of positively charged nutrients is normally greater than the absorption
of negatively charged nutrients, which leads to slow acidification of the soil. In an un-
touched forest, net acidification is marginal because the nutrients are released again
when the tree dies and decomposes. Moreover, in the decomposition process, about
the same amount of acidifying hydrogen ions are consumed as the tree contributed
during its lifespan. Hence, tree felling and extraction of biomass impacts the balance.
The more biomass that is extracted from the forest, the higher the risk that weathering
and deposition of nutrients will be insufficient to compensate for the loss of nutrients
and alkalinity. Thus, the risk of acidification and nutrient depletion is greater when
harvesting residues are extracted in addition to conventional stemwood extraction.
Concentrations of nutrients are higher in tree branches and tops than in stems.

When the amount of harvesting residues extracted is large compared to the site’s abil-
ity to compensate for its loss, the soil surface is acidified first and the degree of base
saturation and pH decreases. Field studies have shown that base saturation decreases
by 10-20 %™ and pH by 0-0.4 pH units'?. The acidification then spreads downwards in
the soil profile and causes acidification of drainage water. Nutrient mass balance
budgets, where the inflow of nutrients (especially base cations and phosphorus) to the
forest site through deposition and weathering is compared to the outflow through
leaching and biomass extraction, show that compensation is often needed to avoid net
losses of nutrients when harvesting residues are extracted from the forest™.

% Dahlberg A. och Stokland J.N. 2004. Vedlevande arters krav pa substrat - sammanstéllning och analys av

3.600 arter. Rapport 2004:7. Skogsstyrelsen, Jonkdping.

® Gunnarsson B. och Nittérus K. 2004. Uttag av grot p& hyggen och biologisk mangfald hos négra leddjursgrup-
per. Rapport TB-04/1 3. Statens energimyndighet, Eskilstuna.

 Astrdm M. och Nilsson C. 2005. Effekter av grotuttag pa véxters mangfald. Rapport TB-05/10. Statens energi-
myndighet, Eskilstuna.

8 Egnell m.fl. 1998. See Footnote 3.

® Jonsell M., Hansson J. and Wedmo L. 2005. Diversity of saproxylic beetles in harvesting residues—preference for
tree species and dimensions. Rapport TB-05/14. Statens energimyndighet, Eskilstuna.

10 Egnell G., Bergh J., Dahlberg A., Rytter L. och Westling O. 2006. Miljoeffekter av skogsbransleuttag och
askaterforing i Sverige — En syntes av Energimyndighetens forskningsprogram 1997 till 2004. Rapport 2006:44.
Statens energimyndighet, Eskilstuna.

11 OlIsson B.A., Bengtsson J. and Lundkvist H. 1996. Effects of different forest harvest intensities on the pools of
exchangable cations in coniferous forest soils. Forest Ecology and Management 84: 135-147.

12 Egnell m.fl. 1998. See Footnote 3.

18 Akselsson C. 2005. Regional nutrient budgets in forest soils in a policy perspective. Doctoral thesis. Department
of Chemical Engineering, Lund University, Lund.

14 Akselsson C. 2005 (see 13).
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Compensation is especially important when harvesting residues are extracted from
spruce stands®.

If there is no compensation for the extraction of base substances, the extraction of har-
vesting residues may increase the soil acidity, which in turn may have a negative im-
pact on the quality of drainage water. Even small changes in pH may have a significant
negative impact on biological diversity in watercourses. The availability of phosphorus
affects the nitrogen fixation ability of forest sites and may be important for counteract-
ing nitrogen leaching during periods of good nitrogen availability.

The increased removal of nutrients when harvesting residues are extracted may also
cause reduced forest growth, most probably because the supply of nitrogen is reduced
1516 When extraction occurs in conjunction with regeneration felling, growth reduction
is generally offset because extraction of harvesting residues facilitates soil scarifica-
tion, and the length of the fallow period before planting can sometimes be reduced®.
However, in some parts of Sweden, the extraction of harvesting residues results in
more nitrogen being removed than what is added through deposition and nitrogen fixa-
tion®. In these cases, it may be necessary to compensate also with nitrogen at some
point during the next rotation, to avoid nitrogen depletion at the site which could have
a negative impact on tree growth and ultimately on flora and fauna.

Recycling of ash, which contains all macronutrients except nitrogen, has been proven
to have an impact on tree growth when the ash is spread in growing forests**2:2,0n
more fertile sites, the ash may increase growth*; on less fertile soils, both increasing
and decreasing growth trends have been reported® #. A possible explanation for in-
creased growth is that the ash increases nitrogen mineralization in the soil. Other pos-
sible explanations are that in nitrogen-rich soils, phosphorus or some other substance
from the ash limits productivity and therefore causes growth increase, or mitigation of
soil acidity by the ash has a positive impact on phosphorus availability in the soil. In
nitrogen-poor soils, the ash can favour bacteria and cause them to bind the nitrogen in
a way that temporarily reduces its availability for the trees. However, a low nitrogen
dosage is enough to compensate for any reductions in growth that may occur in these
situations®. In addition, in areas with low soil nitrogen content, it is possible to dis-
perse the ash on recently felled areas, which should cause any growth reduction to be
negligible.

15 Egnell G. and Valinger E. 2003. Survival, growth, and growth allocation of planted Scots pine trees after
different levels of biomass removal in clear-felling. Forest Ecology and Management 177: s65. * correct this.

18 Egnell G. and Leijon B. 1999. Survival and growth of planted seedlings of Pinus sylvestris and Picea abies
after different levels of biomass removal in clear-felling. Scandinavian Journal of Forest Research 14: 303-311.

7 Egnell m.fl. 2006. See Footnote 10.

18 Zetterberg T., Hellsten S., Belyazid S., Karlsson P.E. och Akselsson C. 2006. Regionala forutséttningar och mil-
jorisker till foljd av skogsmarksgddsling vid olika scenarier for skogsskotsel och kvavedeposition. Rapport B 1691.
IVL Svenska Miljdinstitutet, Géteborg.

19 Jacobson S. 2003. Addition of stabilized wood ashes to Swedish coniferous stands on mineral soils—Effects

on stem growth and needle nutrient concentrations. Silva Fennica 37: 437-450.

20 Saarsalmi A., Malkénen E. and Kukkola M. 2004. Effect of wood ash fertilization on soil chemical properties and
stand nutrient status and growth of some coniferous stands in Finland. Scandinavian Journal of Forest Research 19:
217-233.

2 Thelin G. 2006. Askaterfdring till gran- och bokbestand - effekter p& naring, tillvaxt, kvavedynamik och kol-
balans. Rapport 965. VVarmeforsk, Stockholm.

22 Jacobson. 2003. See Footnote 19. % Thelin 2006 See Footnote 21. > Jacobson 2003 See Footnote 19.

% Saarsalmi et al. 2004. See Footnote 20.

% Jacobson S., Kukkola M., Malkénen E. and Tveite B. 2000. Forest Ecology and Management 129:41-51.
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If removal of soil nutrients exceeds input over a long period, the availability of nutri-
ents could be reduced. Over time, this may impact the production capacity of the site.
It is possible that trees can compensate for a lower supply of nutrients by increasing
nutrient absorption through mychorrhizae.” However, since field studies have shown
that the extraction of harvesting residues causes acidification (cf. above), this process
does not sufficiently counteract the acidification of soil and water. Furthermore, the
soil’s capacity to support forest-living organisms other than trees may decrease. Hav-
ing a sustainable budget for the nutrients that trees and other plants need can be a long-
term insurance for future nutrient supply. In many older soils on more southern lati-
tudes, lack of phosphorus is the primary growth limiting factor. Since global phospho-
rus deposits are limited, phosphorus fertilizers are likely to become more expensive
over time.

The Swedish Forest Agency assesses that extraction of harvesting residues represent-
ing more than half a ton of ash per hectare (ha) per rotation period risks causing acidi-
fication and nutrient depletion that is too severe to be defined as sustainable use of for-
est sites; therefore, extraction needs to be compensated (see recommendations in Sec-
tion 2.2). Compensation may take place before as well as after residue extraction. The
application of ash is cheaper when several adjacent sites are treated at the same time,
but such rational application may delay the compensation. However, the Swedish For-
est Agency conclude that there should normally be a rough balance between extraction
of harvesting residues and ash recycling in a medium-sized felling area (300-2000 ha)
over a 20-year period to prevent deterioration of water quality in affected forest
streams. Forest owners with medium to large holdings may also want to consider such
a balance for their own property.

1.4 History

Regulations concerning extraction of harvesting residues have been in place since 1985,
when the Swedish Forest Agency first issued general advice on limiting the extraction
of tree parts other than stemwood. In 1998, a provision on the reporting of extraction of
harvesting residues was added, as well as an amendment which, among other things,
specified that damage to soil and water from extraction of tree parts should be avoided
or limited. The Swedish Forest Agency’s recommendations were developed on the ba-
sis of these and other documents. In 2001, amendments were added to cover ash dosage
and quality requirements, and quality control of ash products used as compensation for
the removal of nutrients. Since 2001, additional knowledge has emerged; therefore, the
Swedish Forest Agency found it appropriate to update the recommendations. One major
update concern the testing of minimum hardening of ash. Also some of the recom-
mended minimum nutrient and maximum heavy metal concentrations of the ash have
also been revised based on increased knowledge about the contents of tree parts. Vari-
ous results from the Swedish Energy Agency’s research program have also affected the
new recommendations.?

%" Rosling A. och Finley R. 2004. Mykorrhizasvampar kan vittra mineraljord. Fakta Skog nr 15. SLU, Uppsala.
2 Smith S. and Read D. 1997. Mycorrhizal Symbiosis. Academic Press.
2 Egnel, etc. 2006. See footnote 10.
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1.5 Definitions

Ash: In this directive, ash refers mainly to ash from biofuels. Recycling ash from bio-
fuels is considered to be positive from an element recycling perspective. The Swedish
Forest Agency’s recommendations are aiming at that ash recycling should only return
the amount of heavy metals that was present in the grown-up trees and that would have
ended up in the soil had the trees remained in the forest. Ash from other fuels may also
be used provided the ash quality is high—i.e., it meets the quality requirements set out
in the current recommendations, and does not contain harmful substances which are
not present in pure biomass ashes.

Ash recycling: Since the Swedish Forest Agency states that mainly ash should be used
to compensate for extraction of base cations, the term “ash recycling” is generally used
in this directive. However, other alkaline products that contain nutrients may also be
used. Ash and mineral products may also be combined.

Base cations: The positively charged metal ions in the soil are called base cations.
These are potassium (K*), magnesium (Mg?"), calcium (Ca*"), and sodium (Na*). All
base cations, except sodium, are nutrients. The soil also contains positively charged
acid ions, such as hydrogen ions (H") and aluminum (which can occur in various
forms).

Degree of base saturation: This refers to the base cation proportion of cations attached
to negatively charged exchange complexes in the soil.

Liming effect: Nutrient absorption by trees leads to enrichment of acidic ions (H") in
the soil and enrichment of basic nutrients in the tree. After combustion, bases are re-
covered in the ash as anions and hence returned to the soil if the ash is returned to the
forest. The liming effect of the ash can be expressed as the equivalent of the base cati-
ons it contains.

Harvesting residues: In this letter, harvesting residues refers to branches and tree
tops.

10
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2 Recommendations

2.1 Preserve biological diversity
The Swedish Forest Agency holds the view that:

When extracting harvesting residues, it is important that trees, shrubs, and dead
wood that have been spared because of natural and cultural environmental con-
siderations are left behind unharmed.

Forests with a high natural value, as key biotopes and certain wetland forests,
should be excluded from extraction of harvesting residues in case those values
thereby could be damaged.

Extraction of harvesting residues should include only tree species that common
in the landscape.

At least one fifth of the harvesting residues should be left in the clearcut area,
preferably in locations exposed to the sun. It is particularly important to leave
tops, coarse branches and dead wood from deciduous trees, as well as tops of
pines.

Extraction of harvesting residues and ash recycling should be avoided in sensi-
tive biotopes and during periods when animal life could be harmed.

Extraction of harvesting residues is a more intensive use of forests and forest sites
compared to traditional harvesting. In consideration of the natural and cultural envi-
ronment, it is therefore especially important not to damage trees and shrubs, stand-
ing as well as fallen, that have been left behind from previous forestry operations.
This is especially important when extracting harvesting residues from grazing land,
forest edges facing cropland or meadows, burnt forests, and deciduous borders along
lakes and watercourses. Protective zones with trees and shrubs, where no regular ex-
traction of harvesting residues should occur, should be left as boundaries around
low-productive land (e.g. mires, bare rock), open agricultural land, lakes, and water-
courses. Also, harvesting residues should not be stored within protective zones adja-
cent to lakes and watercourses.

Harvesting residues should not be extracted from forests that have a high natural val-
ue—for example, key biotopes—if that value could be harmed. Wetlands usually
have a high natural value. Since the soil’s load-bearing capacity in wetlands is often
poor, driving equipment across a site when extracting harvesting residues can easily
cause damage because there is less harvesting residue to protect the ground than
when only stemwood is extracted. For the same reason, extraction of harvesting resi-
dues from waterlogged sites with a low load-bearing capacity generally should be
avoided (see Section 2.4).

When extracting harvesting residues from mixed forests, uniform extraction of de-
ciduous trees should be avoided. It is especially important to protect areas with a high
proportion of aspen, goat willow, alder, and ‘high-value deciduous trees’ (= oak,
beech, elm, ash, mapletree, lime, cherry, hornbeam). Regulations on respecting the
interests of nature conservation and the cultural environment (Section 30, Swedish
Forestry Act) also apply to the extraction of harvesting residues.

11
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To protect biological diversity and the organisms that live on dead wood, 20 % of the
harvesting residues should be left behind. Coarse dead wood (with a diameter greater
than 10 cm) is especially important for the flora and fauna, so it should be left behind
when extracting harvesting residues. Wood from pine and deciduous trees, especially
coarse wood from high-value deciduous species, is the most important for maintain-
ing biological diversity. However, the risk of possible insect infestation should also
be considered (see Section 2.4).

The time of year when harvesting residues are extracted is important for biodiversity.
Extraction of harvesting residues should be avoided during periods when animal life
may be harmed. For example, during the summer, some rare insects use wood from
high-value deciduous trees as breeding habitat. Therefore, wood from such trees
should be extracted as soon as possible after felling or not later than 15 April if
felling occurs between 1 September and 15 April. If this is not possible, the upper-
most layer of the residue piles should be lifted off and left behind.

Ash recycling should not be done within areas that support sensitive flora— for ex-
ample, key biotopes—if its dispersal could have a negative impact on the flora. In
other areas, ash recycling should be timed so as to minimize the risk of disturbances
to endangered species.

Several studies have shown that Sphagnum (peat moss) is especially sensitive to ash
that has not been sufficiently vitrified. Areas with sphagnum should not be treated in
such a way that the vitality of the moss is significantly impaired. If the ash used is
close to the allowed lower limit of hardening, the dosage can be lowered somewhat
when treating areas that contain sphagnum®. Only well-hardened ash should be used
when ash is recycled on drained forest sites.

The extraction of harvesting residues is probably positive for reindeer husbandry
since the residues may impede the growth of ground lichen. However, extraction of
harvesting residues on snow-covered ground in areas with hanging lichen should be
avoided until the next snow-free period. Extraction of harvesting residues should
not be done in the most valuable forest areas with hanging lichen. Stricter regula-
tions apply to caesium content when recycling ash in reindeer pastureland (see Sec-
tion 2.3.3). If new information indicates that ash recycling may have a negative im-
pact on reindeer pasture, this should be taken into account in areas that support
reindeer husbandry.

%0 See Appendix 1 for information about hardening testing.
12
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2.2 Avoid acidification and nutrient depletion of forest land

The Swedish Forest Agency holds the view that:

Ash recycling should be done on sites where extensive amounts of harvesting
residues are extracted at some point during the rotation period. The purpose is
primarily to counteract acidification caused by the extraction of biomass. The
treatment may take place before, in conjunction with, or after extraction.

Extraction of harvesting residues should be compensated with ash if:
- the total extraction of tree parts other than the stem over the rotation repre-
sents more than half a tonne of ash per hectare, and
- most of the conifer needles are not left fairly evenly dispersed®.

Exceptions can be made if the extraction takes place within a watershed area
where extraction of harvesting residues is likely to exceed half a tonne of ash
in only a small part of the area.

However, ash should always be recycled when harvesting residues are extracted at
regeneration felling, even if the extraction represents less than half a tonne of ash
per hectare and the conifer needles have been left well dispersed, if:

- the soil is severely acidified, or

- the forest grows on peatland.

In nitrogen-rich areas, it is preferred that conifer needles be removed from the
site, provided that the ash is recycled. In areas with low levels of nitrogen depo-
sition and high levels of biomass extraction, compensation may need to include
both ash and nitrogen.

A balanced budget for alkaline substances and nutrients increases the possibility of
preserving the quality of drainage water and maintaining the supply of accessible nu-
trients in the soil. Therefore, the Swedish Forest Agency judges that substantial ex-
traction of harvesting residues should be compensated by ash recycling. Compensa-
tion may be done before, in conjunction with or after extraction of harvesting resi-
dues. The ash could be dispersed in thinned stands if extraction of harvesting residues
is likely to occur, with time, in conjunction with clear-felling.

The Swedish Forest Agency finds that extraction of harvesting residues representing
more than half a tonne (dry matter) of pure, non-hardened ash per hectare per rotation
period normally causes too much acidification and nutrient depletion to be defined as
sustainable land use. Hence, in areas dominated by spruce, the ash should be recycled
if the extraction of wood is 200 m® per hectare or more and the residual extraction is
close to maximum, i.e., 80 % (see Table 1).

If harvesting residues are extracted only during pre-commercial thinning or thin-
ning, the extraction often represents less than 0.5 DM tonne of fresh ash per hectare.

31 With today’s harvesting technigues in Sweden, extraction of harvesting residues is rarely combined with leav-
ing the conifer needles well dispersed.
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Most often, extraction of harvesting residues in conjunction with regeneration
felling of pine stands can be done without the need for compensation (see Table 1).
The threshold limit for stands containing pine and/or a lower percentile extraction
of existing harvesting residues can be estimated using Table 1.

Table 1. Estimated production of pure, non-hardened® ash (DM tonnes of ash per hectare) from
combusted harvest residues from sites with different levels of wood extraction, and with either
40 % or 80 % of total harvesting residue removal (i.e., total amount of branches and tree tops).33
Estimates for mixed stands can be calculated by adding the wood extraction of pine and spruce.

Re3|_dual Wood extraction (forest cubic metre/hectare)
extraction (%)
50 (100 [150 |[200 |250 |300 |350 (400
Pine 40 0.0 |0.1 |0.1 (0.1 (0.1 [0.2 |[0.2 |0.2
80 0.1 (0.1 |02 (0.2 |03 (03 |04 (04
Spruce 40 0.1 ]0.1 |0.2 [0.3 (0.3 [04 |05 |05
80 0.1 103 |04 |05 (0.7 (0.8 [09 |1.0

On sites with an especially high weathering rate (base-rich sites), extraction can ex-
ceed the equivalent of 0.5 DM tonnes of ash per hectare without causing substantial
acidification. Nevertheless, there may be reason to recycle the ash to ensure a sustain-
able phosphorus balance is maintained on base-rich sites.

If residue extraction is large enough to have an acidifying effect is possible only in
a small part of a drainage area (during one century), it will not significantly reduce
the quality of runoff water. Therefore, extraction may take place without ash recy-
cling in drainage areas (300-500 ha) where less than 10 % of the total area could at
some point generate extraction of harvesting residues that correspond to more than
0.5 DM tonnes of ash per hectare, provided there is no extraction from severely
acidified sites or peatland.

Leaving most conifer needles well dispersed on clearcut objects significantly limits
the extraction of nutrients because the needles are rich in nutrients.

In the most southern and south-western parts of Sweden, a significant part of the
growth-accessible base cation supply has been lost through leaching due to several
centuries of high acid deposition. To avoid exacerbating the situation, ash recycling
should be done if the harvesting residues are extracted during regeneration felling,
even if the conifer needles are left well dispersed or the extraction corresponds to less
than 0.5 DM tonne of ash per hectare per rotation period.**

In forest ecosystems on peatlands, the supply of certain nutrients, especially phos-
phorus and potassium, is often limited. On such sites, much of the nutrients are
bound in the trees. Therefore, it is particularly important that ash is recycled when
harvesting residues are extracted from peat-lands at regeneration felling, even if the
conifer needles are left behind. Ash may also be added to peatlands to compensate
for stemwood extraction.

32 \When ash is hardened, the weight increases by several tenfold percentage points, mainly because oxides are
converted to carbonates, using CO, from the air. In addition, the pure ash is often blended with tenfold percentage
points of non-combusted material or sand from fluid beds in the pan.

3 The calculations are based on a pine and spruce density of 0.4 DM tonnes per cubic metre of wood, a dry
weight of residues (including conifer needles) of 41% of the weight of the stem with bark for spruce and 22% for
pine, and an ash content in the residues of 2% for spruce and 1.5% for pine.

* These recommendations apply to forest sites in Skéne, Blekinge, Kronoberg, Halland, Jénkoping and Vastra
Gotaland counties.
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Extraction of harvesting residues entails significant removal of nitrogen. On forest
sites with high nitrogen content®, extraction of harvesting residues may counteract
nitrification and nitrogen leaching by reducing the risk of a “compost effect” under
the piles of harvesting residue and by reducing the amount of nitrogen in the sys-
tem. Ground vegetation can also re-establish faster and absorb released nutrients,
thereby further reducing nitrification. Lower nitrification prevents the addition of
acid to the soil.

In regions with low nitrogen deposition, extraction of harvesting residues may cause
nitrogen loss to exceed input over the rotation, which in the long term may result in
reduced tree growth or a negative impact on flora and fauna. Extraction of harvesting
residues in these areas should be compensated for with both ash and nitrogen. Nitro-
gen supplementation may also counteract the temporary growth reduction reported
after ash recycling on sites with low site productivity. Guidelines regarding nitrogen
supplementation are provided in the Swedish Forest Agency’s general advice, SKSFS
2007:3.

% Forest sites with high nitrogen content refers primarily to coastal locations in south-western Sweden. In other
areas of Gotaland and parts of Svealand provinces, where nitrogen deposition is high, extraction of harvesting resi-
dues that include conifer needles may also be positive from the standpoint of alleviating high nitrogen inputs.
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2.3 Use ash correctly

The Swedish Forest Agency holds the view that:

The ash product should be sufficiently hardened and slow dissolving to pre-
vent damage to sensitive species.

When harvesting residues have been extracted at regeneration felling, it can be
generalized that a dose of 2 DM tonnes of ash per hectare is appropriate as
compensation dose if the site index low (<G23), and 3 DM tonnes of ash per
hectare is appropriate if the site index is medium and higher.

To avoid undesirable effects, at most 3 DM tonnes of ash per hectare should be
recycled per 10-year period and 6 DM tonnes of ash per hectare per rotation.

When recycling ash, total addition of heavy metals and other harmful substances
over a rotation should not be greater than what is removed through biomass ex-
traction. For guidelines on content of nutrients and heavy metals, see Table 2.

When recycling ash, nitrogen leaching and loss of introduced nutrients should
be prevented.

A 25-metre ash-free zone should be left around sensitive areas.

2.3.1 Hardening of ash

Ash applied in the forest should be treated so that direct damage to soil and vegeta-
tion, and mechanical damage to trees is avoided. Ash should be applied evenly and in
a manner that allows for slow dissolution. Ash may be hardened (made less soluble)
through water infusion combined with mechanical processing to an appropriate parti-
cle size and hardness (for example, granulation or pelletizing). It may also be hard-
ened after water infusion through self-hardening, if necessary with subsequent break-
down and/or sifting (so-called "crushed ash™). The objective is for the ash product to
dissolve over a 5- to 25-year period in the field. The initial dissolution rate should be
sufficiently slow so as to avoid causing undesirable effects after application. Poorly
hardened ash may damage flora and fauna and increase the risk of nutrient leaching
from the ash.

To ensure that the ash solubility requirements are met, the Swedish Forest Agency
developed a method of testing if an ash product is sufficiently hardened. The method,
described in Appendix 1, tests whether a sufficiently even application of ash in a for-
est stand causes damage to different species of peat moss (Sphagnum spp.), which are
the most sensitive of common mosses in Sweden. Ash that is insufficiently hardened
should be applied to forest sites only if it can be demonstrated that it will not chemi-
cally ‘burn’ peat moss.

There is less risk of leaf damage if the ash consists of large granules. This is because
the greater distance between particles makes leaf damage more dispersed, and the ash
granules fall more easily to the ground under the leaves. The degree of hardening does
not have to be tested of ash products for which at least 95 % of the weight consist of
particles with a diameter of at least 4 mm.
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2.3.2 Dosage

Ash should be recycled to compensate for the loss of alkalinity and the total removal
of base cations due to the extraction of harvesting residues during the rotation period.
Compensation for estimated removals of individual nutrients may lead to unaccepta-
bly high ash dosages in terms of available ash supply and potential environmental
impact.

The risk of negative environmental effects increases with ash dosage. However, the
negative environmental effects are expected to be very limited with dosages of up to 3
DM tonnes of sufficiently hardened ash per hectare®®. No more than 3 DM tonnes per
hectare should be recycled per 10-year period. During the total rotation period, no
more than 6 DM tonnes per hectare should be added. This amount will compensate for
total biomass extraction also on highly productive spruce sites, without causing signif-
icant negative effects. If the demand for biofuel increases, harvest systems that entail
greater extraction and/or extraction of tree stumps in conjunction with felling may be-
come more common, and hence require compensation that exceeds 6 DM tonnes of
ash. However, in most cases, an infusion of 3 DM tonnes per hectare should be
enough to compensate for the extraction and then ash recycling should be limited to 3
DM tonnes also during the rotation period.

The ash dosage required to compensate for the extraction of harvesting residues does
not normally have to be calculated exactly. The Swedish Forest Agency estimates that
2 DM tonnes of hardened ash per hectare are sufficient compensation for a site index
below G23 (less than average), while 3 DM tonnes per hectare are sufficient if the site
index is higher. These dosages entail some over-compensation for extraction of har-
vesting residues at regeneration felling; hence, they also compensate for potential ex-
traction in conjunction with precommercial thinning and thinning. The need for com-
pensation can also be more precisely calculated based on the equivalent amount of
liming effect extracted at the various harvesting occasions. The Forestry Research In-
stitute of Sweden has developed a program in which the compensation requirement is
based on liming effect of some investigated examples of hardened ashes®’. Normally
compensation should be done primarily for the extraction of harvesting residues, but it
can also be done for part or all of the stemwood extraction. This may be justified on
peatlands or within acidified areas in southern Sweden.

For the ash to have the desired effect on peat-land, it should have a high phosphorus
and potassium content. On peatland, the compensation requirement should be calcu-
lated based on the removal of phosphorus and potassium. As on other sites, ash ap-
plication on peatland should not exceed 3 DM tonnes of ash per hectare per 10-year

period or 6 DM tonnes per rotation period.

% The dosages refer to actual hardened ash, cf. Footnote 31.

% The calculation program is called “Snurran 1.0” and may be downloaded from the Forestry Research
Institute of Sweden homepage: www.skogforsk.se.

% May be calculated using “Snurran 1.0, available from the Forestry Research Institute of Sweden.
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2.3.3 Ash quality

For ash to have the desired effect, it should contain sufficient amounts of desirable
nutrients. The Swedish Forest Agency has specified the minimum levels that should
be met (Table 2). If these levels are not met, consideration should be given to adding
these nutrients to the ash product. If the ash product is diluted with more non-
combusted material or dust, sand, gravel,* or bonding agents than the usual 20-30 %
(which has been taken into account in the above estimation of suitable ash dosages
and in the Forestry Research Institute of Sweden’s calculation program), the nutrient
level of the ash will be correspondingly diluted. The dosage may then be increased
accordingly, and both nutrient and heavy metal levels should then be calculated per
unit weight of pure ash.

Table 2. Recommended minimum and maximum levels of elements in ash products intended for
application on forest sites. These recommendations are for dry matter levels in ash products
applied in the forest—i.e., after potential infusion of fertilizer nutrients or bonding agents. The
specified guidelines do not apply to residual products other than ash.

Element Rt_ec_ommended Ie\{els
Minimum | Maximum

Macronutrients (g/kg DM)

Calcium 125

Magnesium 15

Potassium 30

Phosphorus 7

Trace elements (mg/kg DM)

Boron 800

Copper 400

Zinc 500 7,000

Arsenic 30

Lead 300

Cadmium 30

Chromium 100

Mercury 3

Nickel 70

Vanadium 70

Heavy metals can interrupt biological processes in the soil and affect the quality of sur-
face water and groundwater. Therefore, the ash’s heavy metal content must not exceed
the total that can be removed through biomass extraction over one rotation. Since the
amount of heavy metals recycled on forest sites through the ash is comparable to the
amount that would have been released through decomposition of the harvesting resi-
dues, the risk of negative effects is deemed to be low. However, available data on
measured levels of heavy metals in different tree parts show that concentrations vary
between individual trees and areas in Sweden.

% |n analysis protocols, the content of non-combusted organic matter is usually stated. The approximate content of
dust, sand, and gravel is reflected in the levels of Si (SiO,) and Al (Al,O3).

While guideline values for maximum and minimum levels of elements in recycled ash
18
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(Table 2) have been based mainly on demonstrated levels in tree components, thresh-
old values for certain elements (e.g. Cr) have been reduced on the basis of available
data on contents in investigated biofuels ashes. Thus, in the coming well-combusted
ash from pure biofuels, without admixture of dense bed material or bonding agents,
may show higher contents of these elements that exceed the specified maximum level.
Normally, all elements should meet the guideline values, but some variation is ac-
ceptable if it can be proven that the ash originates from pure biofuels and is not con-
taminated by harmful elements. Even if the high levels are natural - for example, they
result from bedrock that is rich in arsenic - restrictions may apply as to where the ash
can be dispersed.

In its Code of Statues, the Swedish Radiation Safety Authority has issued regulations
and general advice on the handling of ash contaminated with caesium-137 (**'Cs)
(SSI FS 2005:1). It sets the threshold level of **’Cs in ash for application on forest
sites at 10 kBg/kg DM. Areas where wood fuel ash levels may exceed the threshold
value are shown (Figure 1). If ash from the combustion of harvesting residues from
these areas is to be applied on forest sites, its **’Cs content should always be tested.
Recycling of ash with **’Cs levels above 0.5 kBg/kg DM is not allowed on reindeer
pasture land with lichen. An area is defined as a “lichen area” if lichen covers more
than 25 % of the existing soil surface or the area is continuously used as reindeer pas-
ture.

Region 1
Region 2

Figure 1. Areas where wood fuel ash may have B¥cs (caesium-137) levels over 10 kBg/kg (Note:

Géaddede and the Vasterbotten mountains are not included in the database). Region 1: Levels of 1¥cs
in the total ash from combustion of harvesting residues and sawmill residuals (bark, chips, etc) may ex-
ceed 10 kBg/kg. Region 2: Level of **’Cs in fly ash from wood fuels may in some circumstances (fine
granular ash fraction, type of warming pan, burn conditions, etc.) exceed 10 kBg/kg.

“0 Statens stralskyddsinstitut. 2005. Kommentarer och vagledning till foreskrifter och allmanna réd om hantering
av aska som ar kontaminerad med cesium-137. SSI Rapport 2005:07. Statens stralskyddsinstitut, Stockholm.
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Polycyclic aromatic hydrocarbons (PAHs) may develop during combustion, and could
therefore occur in ash. PAH levels in ash applied on forest sites should not be so high

as to endanger the environment. The threshold level is unknown; therefore, emerging

knowledge about this subject should be taken in to consideration.

Table 2 guideline values concern total levels of macronutrients and trace substances.
Total levels should be determined by an accredited laboratory. Total levels include
both easily soluble and poorly soluble fractions; therefore, analytical results may
overestimate, for example, the value of the ash product as a source of phosphorus in
the short term if it contains a lot of sinter material. Likewise, the total analysis of
heavy metals does not reflect their availability.

2.3.4 Application

Ash sometimes has to be stored pending application. Ash is classified as waste and is
subject to existing laws regarding transportation and storage of waste (see Section 2.5).
Interim storage of ash and finished ash products should be done in a manner that mini-
mizes leaching (potassium is the most likely nutrient to leach). The storage site should
be dry and located on relatively high ground. Permanent interim sites should have a
hard surface as well as access to water and a scale.

The ash should be applied in a way that does not damage sites and vegetation (see
Section 2.4). Moreover, there should be a strive for even dispersal (<25 % of the
treated area should receive more than a double dose). As with nitrogen fertilization,
there should be no ash added in, or adjacent to, sensitive areas (Table 3).

Table 3. Areas where ash recycling should be avoided.

Ash-free zone (min
width in metres)
Lakes and watercourses 25
Wetlands with high or very high natural and cultural values 25
(corr. to class 1 and 2 in the wetland/wet forest inventory)
Formally protected land 25
Key biotopes 25
Gardens 25
Land and roads owned by other landowners 10

Ash recycling aims to improve chemical quality of runoff water. Still, it may cause
damage if it ends up directly in the water. Primarily this could be caused by its high
salt content. And, in addition to base cations, ash contains substances that may be
harmful to water organisms if deposited at a high dosage directly into the aquatic en-
vironment. Moreover, areas along the stream usually have high biodiversity values,
and therefore an ash-free zone should be left around all lakes and along permanent
(i.e., perennial) watercourses.

An ash-free zone also should be left along wetlands with a high natural value, key
biotopes, and building sites. An ash-free zone should be established adjacent to for-
mally protected land (i.e., areas protected by the regulations in Chapter 7 of the Envi-
ronmental Code and/or nature conservation agreements) if the ash could have a nega-
tive impact on the values being protected.

Ash-free zones should be left around land and roads owned by others. However, if
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these areas have no special natural value, a zone width of 10 metres is sufficient.

Ash recycling may be done at freshly clearcut areas if there is enough field vegetation
to absorb nutrients and prevent leaching or if the ash is sufficiently hardened (see Ap-
pendix 1, Table 4) and slow-dissolving so that leaching from the clearcut area will be
negligible.

Ash recycling on nitrogen-rich sites should be done in a manner that does not increase
nitrogen leaching. Up until now, no studies have shown that ash recycling cause in-
creased nitrogen leakage in practice. However, any emerging knowledge on this subject
should be taken into account. In view of the precautionary principle in the Environmen-
tal Code, Chapter 2 (83), it may be appropriate in some cases to avoid application of
ash during the felling stage on nitrogen-rich sites if, for example, the sites is adjacent to
a watercourse.
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2.4 Limit physical damage on sites and trees, and prevent in-
sect damage
The Swedish Forest Agency holds the view that:

The technology, method, and time of extraction of harvesting residues and ash
recycling should be chosen so that driving equipment does not cause transfer of
sediments and organic material to watercourses or damage to cultural and an-
cient remains, and so that mechanical damage to trees is limited.

Measures should be taken to prevent insect damage.

When extraction is prepared, less of the residues are often used as protection against
deep track formation at moist soils. Moreover, extraction of harvesting residues and
ash recycling entails increased transportation in the forest. This increases the risk of
driving damage to soils, growing trees, and both downed and standing trees that are
left behind out of consideration for natural values. When extraction is well planned
during felling, there is a better chance that the harvesting residue will not have to be
used to protect the soil on extraction trails. Soil damage can impact biological diversi-
ty in watercourses and damage cultural or ancient remains. Special care should be
taken when driving on sites with poor load-bearing capacity. This can include avoid-
ing driving during periods when the ground is waterlogged, or using bridges and soil
protection measures. Driving damage must not occur in areas with ancient remains.
Permanent ancient remains and the area around them are protected by the Heritage
Conservation Act. Other ancient remains should be respected in accordance with Sec-
tion 30 of the Swedish Forestry Act. In forests located near urban areas with signifi-
cant human presence, harvesting residues could preferably be extracted.

Application of hard ash products to soils in forest stands may cause abrasion damage
to trees that are closest to the road or trail on which spreading equipment drives, espe-
cially in young spruce stands and during periods when the sap is rising. The ash prod-
uct used and the application technique should be designed to avoid such damage.

The provisions of Section 29 of the Swedish Forestry Act concerning measures to pre-
vent insect damage also apply when large dimension fresh wood is classified as energy
wood and is left in the forest to dry. However, biological diversity should also be taken
into account (see Section 2.1).

22



DIRECTIVE NO. 2/2008

2.5 Documentation, regulations, and contacts with local author-
ities

The Swedish Forest Agency holds the view that:

Extraction of harvesting residues and ash recycling should be documented.

Many years may pass between extraction of harvesting residues and ash recycling;
interventions (i.e., operations, treatments) therefore should be documented. Appropri-
ately, documentation is appropriately made in a Forestry Management Plan or equiva-
lent. It should include information about the extracted tree species, time of extraction,
whether conifer needles were extracted or left behind and evenly dispersed, and any
ash recycling that was done (time, dosage, and chemical composition of the ash). The
areas in which ash was dispersed should also be reported to the Swedish Forest Agen-
cy, which intends to use its GIS system to record information about these areas.

2.5.1 Swedish Forestry Act

Extraction of harvesting residues and ash recycling is regulated according to Section
30 (nature considerations) and Section 14 (notification of extraction of forest fuel) of
the Swedish Forestry Act. Section 29 (forest protection) contains regulations on stor-
age of forest biomass. Section 20 (reindeer husbandry) contains regulations on con-
sultation with affected Sami settlements about felling and subsequent forest conser-
vation measures.

The landowner is responsible for ensuring that the long-term soil nutrient balance is
not adversely affected when tree parts other than stemwood are extracted. The land-
owner is also responsible for ensuring that extraction of harvesting residues and ash
recycling is conducted in a manner that avoids or limits damage to the environment.

2.5.2 Environmental Code

Chapter 2 of the Environmental Code (1998:808) contains general rules regarding
any intervention that may impact the environment or human health.

Chapter 12 (6) of the Environmental Code states that activities and interventions that
may significantly change the natural environment must be reported for consultation.
The party registering the extraction of harvesting residues under Section 14 of the Swe-
dish Forestry Act is also considered to have registered for consultation under Chapter
12 (6) of the Environmental Code. The Swedish Forest Agency believes that incorrect
ash recycling or the use of inappropriate ash may have major effects on the natural en-
vironment; therefore, ash recycling should be reported to the Agency. Reporting is re-
quired at least 6 weeks before the intervention. The Swedish Forest Agency is the su-
pervisory authority responsible for ensuring that forestry interventions are done in ac-
cordance with the regulations set forth for Natura 2000 areas in Chapter 7 (28) of the
Environmental Code. Supervision applies to interventions both within and outside of
Natura 2000 areas. The Agency will assess, on a case-by-case basis, whether an inter-
vention such as ash recycling is permissible. If the Agency determines that ash recy-
cling may have a serious impact on the environment, the party will be notified accord-
ingly and informed that permission for the intervention must be sought from the County
Administrative Board.
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If ash recycling could contaminate sites, aquatic areas, or groundwater, it also falls
under the regulations for environmentally hazardous activity in Chapter 9 of the
Environmental Code and its consequential legislation, which means that the munic-
ipality has the right to be notified. In cases where ash recycling could present such
a risk, the Swedish Forest Agency will consult the municipality.

Since ash is classified as waste, the regulations on waste in Chapter 15 of the Envi-
ronmental Code and its consequential legislation may also apply to ash recycling
activities. This relates mainly to the treatment, transportation, and storage of ash,
which means that, in certain cases, such interventions must be registered with the
municipality, or permission must be sought from the County Administrative Board.

2.5.3 Heritage Conservation Act

Ancient remains are protected under the Heritage Conservation Act (1988:950). The
Act prohibits unauthorized moving, removal, excavation, and covering of permanent
ancient remains, as well as construction, planting, or other actions that may change or
damage them. The area surrounding ancient remains, known as an ancient heritage
site, are also protected according to Chapter 2 (2) of the Act. If a forestry intervention
is intended in a forest stand with known ancient remains, the County Administrative
Board must be consulted pursuant to Chapter 2 (10). If ash recycling has been regis-
tered with the Swedish Forest Agency, the Agency will initiate contact with the Coun-
ty Administrative Board, as required.

2.5.4 Other legislation

In Statute SSI FS 2005:1, the Swedish Radiation Safety Authority (SSI) provides regu-
lations and general advice on the handling of ash contaminated with **’Cs, and on ash
intended for dispersal on forest sites.
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Appendix 1
1. Sampling

Testing should be done on the finished ash product, but could also be done on incom-
ing ash before processing. The collection of samples for hardening and quality analy-
sis is critical since the ash can vary with both sampling time and within a larger vol-
ume of ash.

Sampling should be done in accordance with the guidelines in Nordtest Metod NT
ENVIR 004 for sampling of solid waste and particulate material, or SS 197113

for biofuels and peat. Generally, sampling for analysis is required for lots of 250—
500 tonnes of ash or finished ash product, or at least once per combustion season. At
larger incineration plants and facilities that use clean biofuels, sampling may be done
less often than at facilities that use more varied fuels and functions. It is important
that the protocol of analysis represents the ash actually dispersed in the forest.

For optimal representation of the finished product, sampling should be done by tak-
ing at least 15 subsamples of 1 litre each. The subsamples should then be carefully
blended into a single bulked sample. The total number and size of subsamples de-
pends on the homogeneity of the ash. More subsamples will be required if the ash is
substantially non-homogeneous. Subsamples should be taken from conveyor belts or
falling flows. When obtained from a pile, the subsamples must be taken from differ-
ent parts of the pile and at different depths.

Reference samples of every bulked sample from the finished product should be saved
with its analytical values for at least 3 years. Note that hardening during the storage pe-
riod may decrease the reactivity of the reference samples.
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2. Control of minimum hardening of spreadable ash

Use a standard method to obtain ash samples. Withdraw a representative sample of
ash that weighs at least 500 g. Sift the sample using a 4-mm sieve, and select a sam-
ple of sifted particles for further analysis.

Determination of dry content, Swedish standard SS 028113. Measure about 50 g of
ash, place it in a beaker, and let it dry in a drying oven at 105°C to constant weight
(about 24 hours). Preferably, use at least five replicates. After drying, the samples
should be weighed immediately or left to cool in desiccators before being weighed.
Calculate the mean dry content.

Calibrate electrodes according to the manufacturer’s instructions.

Weigh out about 25 g of ash in a 250-mL glass Erlenmeyer flask. Preferably, use
at least three sample replicates.

Based on the dry ash content, calculate the amount of water needed to make a
dilution of one part dry ash to five parts water. Measure and add distilled water. Seal
the Erlenmeyer flask with a bung.

Set the solution to stir (e.g., using a magnetic stirrer) and leave it for an hour. The
stirring is sufficient if it produces about a 5-mm deep hole in the middle of the Erlen-
meyer flask and leaves no ash sediment on the bottom.

Filter the mixture using Munktell 3 filter paper. Measure the electrical conductivity
(according to Swedish standard SS-EN 27888) in the clear solution.

Table 4. Recommended maximum electric conductivity (EC) levels [mS/m] in recyclable ash af-
ter measurement in accordance with the above method (DM = dry matter, ha = hectare).

Dose (ton DM/ha) [Threshold value for EC
Clearcut area™ 2400
2—-3 2800
1-2 3200
<1 3600

Ash products with at least 95% of the ash (by weight) consisting of granules with a
diameter of 4 mm or greater can be dispersed regardless of electrical conductivity. If
at least half of the ash (by weight) contains granules greater than 4 mm in diameter
then the threshold electrical conductivity value for the next lower dose may be used.
For example, the 3200 mS/m threshold value may be used for dispersal of 2-3 DM
tonnes of ash with 60% of granules larger than 4 mm in diameter.

*! Lacking vegetation on most of the area.



Reports published by the Swedish Forest Agency:

1988:1
1988:2
1990:1
1991:1
1991:2
1991:3
1991:4
1991:5
1991:6

1992:1
1992:2
1992:3
1992:4
1993:1
1993:2
1993:3
1993:5
1993:6
1993:7
1993:8
1993:9
1994:1
1994:2
1994:3
1994:4
1994:5
1994:6
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1994:8
1995:1
1995:2
1995:3
1995:4
1995:5
1995:6
1995:7
1996:1
1996:2
1996:3
1996:4
1997:1
1997:2
1997:3
1997:5
1997:6
19977
1997:8

1997:9
1998:1
1998:2

1998:3
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Mallar for standortsbonitering; Lathund for 18 lan i sodra Sverige

Grusanalys i falt

Teknik vid skogsmarkskalkning

Tatortsnéra skogsbruk

OSI; utvardering av effekter mm

Utbotréffar; utvardering

Skogsskador i Sverige 1990

Contortarapporten

Participation in the design of a system to assess Environmental Consideration in forestry a Case study of
the GREENERY project

Allmén Skogs- och Miljdinventering, OSI och NISP

Skogsskador i Sverige 1991

Aktiva Natur- och Kulturvardande atgarder i skogsbruket

Utvdrdering av studiekampanjen Rikare Skog

Skoglig geologi

Organisationens Dolda Resurs

Skogsskador i Sverige 1992

Nyckelbiotoper i skogarna vid vara sydligaste fjall

Skogsmarkskalkning — Resultat fran en fyradrig forsoksperiod samt forslag till tgardsprogram
Betespraglad aldre bondeskog — fran naturvardssynpunkt

Seminarier om Naturhansyn i gallring i januari 1993

Forbattrad sysselsattningsstatistik i skogsbruket — arbetsgruppens slutrapport

EG/EU och EES-avtalet ur skoglig synvinkel

Hur upplever "gront utbildade kvinnor” sin arbetssituation inom skogsvérdsorganisationen?
Renewable Forests - Myth or Reality?

Bjursasprojektet - underlag for landskapsekologisk planering i samband med skogsinventering

Historiska kartor - underlag for natur- och kulturmiljovard i skogen

Skogsskador i Sverige 1993

Skogsskador i Sverige — nulage och forslag till atgarder

Hackfagelinventering i en akerholme aren 1989-1993

Planering av skogsbrukets hansyn till vatten i ett avrinningsomréade i Gavleborg

SUMPSKOG - ekologi och skétsel

Skogsbruk vid vatten

Skogsskador i Sverige 1994

Langsam alkalinisering av skogsmark

Vad kan vi lara av KMV-kampanjen?

GROT-uttaget. Pilotundersokning angéende uttaget av tradrester pa skogsmark

Women in Forestry — What is their situation?

Skogens kvinnor — Hur &r l&get?

Landmollusker i jamtlandska nyckelbiotoper

Forslag till metod for bestamning av prestationstal m.m. vid sjélverksamhet i sméskaligt skogsbruk.
Sjévatten som indikator pd markférsurning

Naturvardsuthildning (20 poéng) Hur gick det?

IR-95 — Flygbildsbaserad inventering av skogsskador i sydvastra Sverige 1995

Miljeu96 Radgivning. Rapport fran utvardering av miljeuradgivningen

Effekter av skogsbransleuttag och askaterforing — en litteraturstudie

Malgruppsanalys

Effekter av tungmetallnedfall pa skogslevande landsnéckor (with English Summary: The impact on forest
land snails by atmosphericdeposition of heavy metals)

GIS—metodik for kartldggning av markférsurning — En pilotstudie i Jonképings lan
Miljokonsekvensbeskrivning (MKB) av skogsbrénsleuttag, asktillférsel och 6vrig nringskompensation
Studier dver skogshruksatgardernas inverkan péa snackfaunans diversitet (with English summary: Studies on
the impact by forestryon the mollusc fauna in commercially uses forests in Central Sweden

Dalaskog - Pilotprojekt i landskapsanalys

Anvandning av satellitdata — hitta avverkad skog och uppskatta I6vréjningshehov

Baskatjoner och aciditet i svensk skogsmark - tillstand och férandringar

Overvakning av biologisk mangfald i det brukade skogslandskapet. with a summary in English: Monitoring
of biodiversity in managed forests.

Marksvampar i kalkbarrskogar och skogsbeten i Gotldndska nyckelbiotoper

Omgivande skog och skogsbrukets betydelse for fiskfaunan i sma skogsbackar
Miljokonsekvensbeskrivning av Skogsstyrelsens forslag till atgardsprogram for kalkning och vitali-
sering

Internationella konventioner och andra instrument som behandlar internationella skogsfragor
Malklassificering i “Grona skogsbruksplaner” - betydelsen for produktion och ekonomi

Scenarier och Analyser i SKA 99 - Forutséttningar

Samordnade atgarder mot forsurning av mark och vatten - Underlagsdokument till Nationell plan for
kalkning av sj0ar och vattendrag
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Skogliga Konsekvens-Analyser 1999 - Skogens majligheter pa 2000-talet

Ministerkonferens om skydd av Europas skogar - Resolutioner och deklarationer

Skogsbruket i den lokala ekonomin

Aska fran biobransle

Skogsskadeinventering av bok och ek i Sydsverige 1999

Landmolluskfaunans ekologi i sump- och myrskogar i mellersta Norrland, med jamforelser betraffande
forhéllandena i sodra Sverige

Arealforluster fran skogliga avrinningsomréaden i Vistra Gotaland

The proposals for action submitted by the Intergovernmental Panel on Forests (IPF) and the Intergov-
ernmental Forum on Forests (IFF) - in the Swedish context

Resultat fran Skogsstyrelsens ekenkét 2000

Effekter av kalkning i utstrémningsomraden med kalkkross 0 - 3 mm

Biobranslen i Soderhamn

Entreprendrer i skogsbruket 1993-1998

Skogspolitisk historia

Skogspolitiken idag - en beskrivning av den politik och 6vriga faktorer som paverkar skogen och skogs-
bruket

Grona planer

Foryngring av skog

Fornl&mningar och kulturmiljder i skogsmark

Framtidens skog

De skogliga aktdrerna och skogspolitiken

Skogsbilvagar

Skogen sociala varden

Arbetsmarknadspolitiska atgarder i skogen

Skogsvardsorganisationens uppdragsverksamhet

Skogsbruk och rennéring

Skador pa skog

Projekterfarenheter av landskapsanalys i lokal samverkan — (LIFE 96 ENV S 367) Uthalligt skogsbruk
byggt pa landskapsanalys i lokal samverkan

Strategier for atgarder mot markférsurning

Markfdrsurningsprocesser

Effekter pa biologisk mangfald av markforsurning och motatgarder

Urvalskriterier for bedémning av markforsurning

Effekter pa kvavedynamiken av markforsurning och motatgéarder

Effekter pa skogsproduktion av markférsurning och motatgarder

Effekter pa tungmetallers och cesiums rérlighet av markférsurning och motéatgarder

Forest Condition of Beech and Oek in southern Sweden 1999

Ekskador i Europa

Grona Huset, slutrapport

Project experiences of landscape analysis with local participation — (LIFE 96 ENV S 367) Local partici-
pation in sustainable forest management based on landscape analysis

Landskapsekologisk planering i S6derhamns kommun

Miljoriktig vedeldning - Ett informationsprojekt i S6derhamn

White backed woodpecker landscapes and new nature reserves

ABIN Satellit

Demonstration of Methods to monitor Sustainable Forestry, Final report Sweden

Inventering av frotéktssbestand av stjalkek, bergek och rédek under 2001 - Ekddd, skotsel och naturvard
A comparison between National Forest Programmes of some EU-member states

Satellitbildsbaserade skattningar av skogliga variabler

Skog & Miljo - Miljobeskrivning av skogsmarken i SGderhamns kommun

Overvakning av biologisk mangfald i skogen - En jamférelse av tv metoder

Fagelfaunan i olika skogsmiljoer - en studie pa bestandsniva

Effektivare samrad mellan rennaring och skogsbruk -forbattrad dialog via ett utvecklat samradsforfa-
rande

Projekt Nissadalen - En integrerad strategi for kalkning och askspridning i hela avrinningsomréden
Projekt Renbruksplan 2000-2002 Slutrapport, - ett planeringsverktyg fér samebyarna

Att méta skogens biologiska mangfald - mojligheter och hinder for att félja upp skogspolitikens miljo-
mal i Sverige

Vilka botaniska naturvéarden finns vid torplamningar i norra Uppland?

Kalkgranskogar i Sverige och Norge — forslag till vaxtsociologisk klassificering

Skogsagare pé distans - Utvardering av SVO:s riktade insatser for utbor

The EU enlargement in 2004: analysis of the forestry situation and perspectives in relation to the present
EU and Sweden

Effektuppfoljning skogsmarkskalkning tillvaxt och tradvitalitet, 1990-2002

Skogliga konsekvensanalyser 2003 - SKA 03

Natur- och kulturinventeringen i Kronobergs lan 1996 - 2001

Naturlig féryngring av tall
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How Sweden meets the IPF requirements on nfp

Synthesis of the model forest concept and its application to Vilhelmina model forest and Barents model
forest network

Vedlevande arters krav pa substrat - sammanstallning och analys av 3.600 arter

EU-utvidgningen och skogsindustrin - En analys av skogsindustrins betydelse for de nya medlemsléan-
dernas ekonomier

Nytt nummer se 2005:1

Om virkesforradets utveckling och dess paverkan pa skogsbrukets lénsamhet under perioden 1980-2002
Naturskydd och skogligt genbevarande

Nar vi skogspolitikens méngfaldsmal pé artniva? - Atgardsférslag for uppfdljning och metodutveckling
Access to the forests for disabled people

Tillgang till naturen fér manniskor med funktionshinder

Besokarstudier i naturomréaden - en handbok

Visitor studies in natureareas - a manual

Skogshistoria ar fran ar 1177-2005

Végar till ett effektivare samarbete i den privata tatortsnéra skogen

Planering for rekreation - Gron skogsbruksplan i privatagd tatortsnara skog

Report from Proceedings of ForestSAT 2005 in Boras May 31— June 3

Sammanstallning av stormskador pa skog i Sverige under de senaste 210 aren

Frivilliga avsattningar - en del i Miljokvalitetsmalet Levande skogar

Skogliga sektorsmal - forutsattningar och bakgrundsmaterial

Malbilder for det skogliga sektorsmalet - hur gar det med bevarandet av biologisk méangfald?
Ekonomiska konsekvenser av de skogliga sektorsmalen

Tio skogségares erfarenheter av stormen

Uppféljning av skador pa fornlamningar och dvriga kulturlamningar i skog

Mykorrhizasvampar i értrika granskogar - en metodstudie for att hitta vardefulla miljéer
Forskningsseminarium skogsbruk - renndring 11-12 augusti 2004

Klassning av renbete med hjalp av standortsboniteringens vegetationstypsindelning

Jamforelse av produktionspotential mellan tall, gran och bjérk pd samma standort

Kalkning och askspridning pa skogsmark - redovisning av arealer som ingatt i Skogsstyrelsens forsoks-
verksamhet 1989-2003

Satellitbildsanalys av skogsbilvagar over vatmarker

Myllrande Vatmarker - Férslag till nationell uppféljning av delmalet om byggande av skogsbilvagar
over vardefulla vatmarker

Granbarkborren - en scenarioanalys fér 2006—2009

Overensstammer anmalt och verkligt GROT-uttag?

Klimathotet och skogens biologiska mangfald

Arenor for hallbart brukande av landskapets alla varden - begreppet Model Forest som ett exempel
Analys av riskfaktorer efter stormen Gudrun

Stormskadad skog - féryngring, skador och skotsel

Miljokonsekvenser for vattenkvalitet, Underlagsrapport inom projektet Stormanalys
Miljokonsekvenser for biologisk mangfald - Underlagsrapport inom projekt Stormanalys
Ekonomiska och sociala konsekvenser av stormen Gudrun &nnu inte klar

Hur drabbades enskilda skogsagare av stormen Gudrun - Resultat av en enkatundersokning
Riskhantering i skogsbruket

Granbarkborrens utnyttjande av vindféllen under férsta sommaren efter stormen Gudrun - (The spruce
bark beetle in wind-felled trees in the first summer following the storm Gudrun)

Skogliga sektorsmal i ett internationellt sammanhang

Skogen och ekosystemansatsen i Sverige

Strategi for hantering av skogliga naturvarden i Norrtalje kommun (”Norrtéljeprojektet™)

Kantzonens ekologiska roll i skogliga vattendrag - en litteraturdversikt

Agoslag i skogen - Férslag till indelning, begrepp och definitioner fér skogsrelaterade 4goslag
Regional produktionsanalys - Konsekvenser av olika miljdambitioner i lanen Dalarna och Gévleborg
Regional skoglig Produktionsanalys - Konsekvenser av olika skotselregimer

Biomassafloden i svensk skogsnéring 2004

Tréadbranslestatistik i Sverige - en forstudie

Tillvaxtstudie pa Skogsstyrelsens obsytor

Regional produktionsanalys - Uppskattning av tillgéngligt tradbréansle i Dalarnas och Gévleborgs lan
Referenshagn som ett verktyg i vilt- och skogsférvaltning

Utvardering av ABIN

Tradslagets betydelse for markens syra-basstatus - resultat fran Standortskarteringen

Alg- och rédjursstammarnas kostnader och vérden

Virkeshalanser for ar 2004

Life Forests for water - summary from the final seminar in Lycksele 22—-24 August 2006

Renskador i plant- och ungskog - en litteraturdversikt och analys av en taxeringsmetod

Overvakning och klassificering av skogsvattendrag i enlighet med EU:s ramdirektiv for vatten - exem-
pel frén Eman och Oreélven

Svenskt skogsbruk méter klimatférandringar

Uppfoljning av skador pa fornlamningar i skogsmark
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Utgor kvavegodsling av skog en risk for Ostersjon? Slutsatser fran ett seminarium anordnat av Baltic
Sea 2020 i samarbete med Skogsstyrelsen

Arenas for Sustainable Use of All Values in the Landscape - the Model Forest concept as an example
Samhallsekonomisk konsekvensanalys av skogsmarks- och ytvattenkalkning

Mercury Loading from forest to surface waters: The effects of forest harvest and liming

The impact of liming on ectomycorrhizal fungal communities in coniferous forests in Southern Sweden
Langtidseffekter av kalkning pa skogsmarkens kol- och kvaveforrad

Underlag for en nationell strategi for skdtsel och skydd av sumpskogar

Regionala analyser om kontinuitetsskogar och hyggesfritt skogsbruks

Frotakt och frotaktsomraden av gran och tall i Sverige

Végledning vid skogsmarkskalkning

Omraden som skogsmarkskalkats inom Skogsstyrelsens forsoksverksamhet 2005-2007

Inventering av &delldvplanteringar pa stormhyggen fran 1999 i Skane

Aluminiumhalter i skogshéackar och variationen med avrinningsomradenas egenskaper

Atgarder for ett uthlligt brukande av skogsmarken - resultat frén studier finansierade inom Movib
Anvéndningen av véaxtskyddsmedel inom skogsbruket

Skogsmarkskalkning

Skogsmarkskalkningens effekter pa kemin i mark, grundvatten och ytvatten i SKOKAL-omradena 16 ar
efter behandling

Skogsstyrelsens arbete med miljohansyn vid skogliga &tgarder - en underlagsrapport till strategin inte
klar

Effekter av skogsbruk pa rennaringen - en litteraturstudie
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Skogsvardsorganisationens uppdragsverksamhet — Efterfragade tjénster p& en éppen marknad
Naturvéardshansyn — Tagen hansyn vid slutavverkning 1989-1991

Ekologiska effekter av skogsbréansleuttag

Svanahuvudsvégen

Transportformer i vaglost land

Utvardering av samraden 1989-1990 /skogsbruk — rennéring

Virkesbalanser 1992

Uppféljning av 1991 &rs l6vtradsplantering pa aker

Atervaxttaxeringarna 1990-1992

Plantinventering 89

Gallringsundersokning 92

Kontrolltaxering av nyckelbiotoper

Skogsstyrelsens anslag for tillampad skogsproduktionsforskning

Naturskydd och naturhénsyn i skogen

Skogsvardsorganisationens arskonferens 1996

Skogsvardsorganisationens Utvérdering av Skogspolitiken

Skogliga aktdrer och den nya skogspolitiken

Foryngringsavverkning och skogsbilvégar

Miljéhansyn vid foryngringsavverkning - Delresultat fran Polytax

Bestandsanlaggning

Naturskydd och miljoarbete

Réjningsundersokning 1997

Gallringsundersokning 1997

Skadebilden betraffande fasta fornldmningar och 6vriga kulturmiljévérden
Produktionskonsekvenser av den nya skogspolitiken

SMILE - Uppfdljning av sumpskogsskotsel

Skoter vi &dellévskogen? - Ett projekt inom SMILE

Riksdagens skogspolitiska intentioner. Om mal som uppdrag till en myndighet
Swedish forest policy in an international perspective. (Utfort av FAO)

Produktion eller miljd. (En mediaundersékning utford av Goteborgs universitet)

De tradbevuxna impedimentens betydelse som livsmiljoer for skogslevande vaxt- och djurarter
Verksamhet inom Skogsvardsorganisationen som kan utnyttjas i den nationella miljoévervakningen
Auswertung der schwedischen Forstpolitik 1997

Skogsvardsorganisationens arskonferens 1998

Nyckelbiotopsinventeringen 1993-1998. Slutrapport

Nyckelbiotopsinventering inom stdrre skogsbolag. En jamférelse mellan SVOs och bolagens invente-
ringsmetodik

Sveriges sumpskogar. Resultat av sumpskogsinventeringen 1990-1998
Skogsvardsorganisationens Arskonferens 2000

Rekommendationer vid uttag av skogsbrénsle och kompensationsgddsling
Kontrollinventering av nyckelbiotoper &r 2000

Atgérder mot markfdrsurning och for ett uthalligt brukande av skogsmarken
Miljé6vervakning av Biologisk mangfald i Nyckelbiotoper

Utvérdering av samraden 1998 Skogsbruk - rennaring

Skogsvardsorganisationens utvérdering av skogspolitikens effekter - SUS 2001

Skog for naturvardsandamal — uppfoljning av omradesskydd, frivilliga avsattningar, samt miljéhansyn
vid foryngringsavverkning

Recommendations for the extraction of forest fuel and compensation fertilising

Action plan to counteract soil acidification and to promote sustainable use of forestland
Blir er av

Skogsmarksgddsling - effekter pa skogshushallning, ekonomi, sysselsattning och miljon
Skogsvérdsorganisationens Arskonferens 2002

Konsekvenser av ett férbud mot permetrinbehandling av skogsplantor
Kontinuitetsskogar - en forstudie

Landskapsekologiska karnomréaden - LEKO, Redovisning av ett projekt 1999—-2003
Skogens sociala vérden

Inventering av nyckelbiotoper - Resultat 2003

Stormen 2005 - en skoglig analys

Overvakning av insektsangrepp - Slutrapport fran Skogsstyrelsens regeringsuppdrag
Kvévegddsling av skogsmark

Skogsstyrelsens inventering av nyckelbiotoper - Resultat till och med 2006

Fordjupad utvéardering av Levande skogar

Kontinuitetsskogar och hyggesfritt skogsbruk

Rekommendationer vid uttag av avverkningsrester och askaterforing

Skogsbrukets frivilliga avsattningar
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The forest plays an important role in the Swedish energy
supply. While most energy from the forest comes from
stemwood, the contribution from extraction of branches and
tree tops for energy purposes has increased.

In this publication, the Swedish Forest Agency gives its
view on how extraction of harvesting residues and related
ash recycling should be done to conform with today’s forest
policy objectives with respect to environmental status, sus-
tainable productivity, and maintenance of biological diversi-

ty.

Increased removal of nutrients must be combined with com-
pensation for alkalinity and nutrients that are not naturally
replenished. Ash recycling is an important action that is now
being carried out on an operational scale. According to the
forestry sector objectives adopted 2003, the area that re-
ceives ash should be approximately equal in size to the area
from which harvesting residues are extracted.



